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Abstract. Assessing circular migration, formal and informal employment and its spatiotemporal characteristics is a complex
methodological and practical task for official statistics.

A combination of various data sources, including official statistics, administrative data, and data from mobile operators, may
provide new opportunities for obtaining circular migration, formal and informal employment estimates for the purposes of various
levels of government, including the level of city management.

The purpose of this paper is to demonstrate how the use of administrative data together with the mobile operators’ data can
promptly improve the accuracy and informativeness of statistical indicators of the labor market including formal and informal
employment, circular migration, etc. The population and employment in Moscow and in the Moscow agglomeration are the
subjects of this paper.

Authors combine several data sources such as the federal administrative data from the Pension Fund of the Russian Federation and
the Federal Tax Authority, data from the Moscow city online public services, data from the mobile phone operators, as well as
official statistical information provided by Russian Statistic Authority.

The cross-analysis of the data provides important information for the city governance:

— estimations of the permanent and temporary population of Moscow and the Moscow agglomeration;

— the scale and main directions of the circular migration to and from Moscow and the subsequent delimitation of the real borders
of the Moscow agglomeration;

— formal and informal employment in the city.

The limits of the data used, as well as recommendations for the incorporating administrative and mobile operators’ data into the
system of official statistics and city management, are also discussed in this paper.

Keywords: Administrative data, mobile operators’ data, population statistics, labor market, informal employment, formal employ-
ment, circular migration, Moscow agglomeration

1. Introduction

Population and labor market statistics including the

*Corresponding author: Filipp Sleznov, The Analytical Center p . X L. g
of Moscow Government, Moscow, Russia. E-mail: SleznovFV@ formal and informal employment evaluation is impor-
develop.mos.ru. tant for the decision-making on the national (federal),

1874-7655/20/$35.00 (© 2020 — IOS Press and the authors. All rights reserved



536 P. Kriuchkova et al. / Methods of statistical estimation of circular migration and formal and informal employment

regional and local levels of administration. It is nec-
essary for the budgeting, development of public trans-
portation, social security, health protection, education,
etc. The official statistical data is insufficient for manag-
ing entire urban agglomerations in part because of their
population size and ensuing consequences [29]. The
key problems in this field include lack of data, incorrect
selection of companies for representing economy of a
city, late availability of data, methodological changes
and gaps in time series, etc. [3,46]. The combination of
different data sources including official statistics, the
administrative and the mobile operators’ data can give
a new perspective for the city management.

Over the past few decades, many of the largest urban
agglomerations have faced the problem of explosive
growth of their influence on neighboring territories and,
as a result, the problem of increasing circular migra-
tion [2,13,20]. Its extremely poor controllability by di-
rect regulation and varying nature of this migration (la-
bor, leisure, social, etc.) predetermined the challenges
for the agglomeration authorities and national statistical
institutions to assess the extent of this phenomenon. At
the current stage of the world economic development,
it is the largest urban agglomerations that face with the
need for more reliable statistics of their population and
its flows between neighboring territories due to their
significantly higher unit costs of infrastructure develop-
ing, in the broad sense of the word, in comparison with
less urbanized territories. The largest cities and their
agglomerations, which have large financial, labor and
intellectual resources, act today as drivers of the new
statistical tools’ development, including methods for
estimating the population size, circular migration and
employment structure.

Large cities authorities are not the only parties con-
cerned by quality population statistics — national (fed-
eral) authorities are also interested in it [15]. The main
interest from the view of national authorities is a com-
bination between a better understanding of the socio-
economic processes taking place in the country and, the
associated with it, more advantageous budget spend-
ing [28]. In the context of the growing role of the largest
urban agglomerations in the overall economic deve-
lopment of the whole country the allocation of prior-
ities for the national budget spending is of particular
relevance [47]. Involving the interests of various levels
authorities in the processes of assessing statistical in-
dicators of population size, circular migration and the
labor market suggests the multiscale relevance of this
study.

The purpose of this paper is to demonstrate how the
use of variation of different data sources, such as admin-

istrative and the mobile operators’ data, can promptly
improve the accuracy and informativeness of statisti-
cal indicators including permanent and day population,
formal and informal employment and its localization,
circular migration, etc. The population and employment
in the Moscow city and in the Moscow agglomeration
as one of the largest in the world are the subjects of
this paper. The authors’ view is primary the view of the
users of the statistical information for the tasks of the
city governance.

2. Study of the problem

The problem of estimating the population, in
general, and the components of it, in particular, has
been discussed in scientific and authority communities
for a long time. The increasing complexity of socio-
economic processes in society and the accelerated trend
of urban sprawl necessitate advancing the method of
population statistics. The scientific community has be-
gun to develop tools for estimating the population size
and scale of migration flows, which differed from pre-
viously dominant direct accounting methods. The most
important works for the current stage were the works in
the field of studying migration systems as an element of
a systems approach in demographic and geographical
research [41]. A greater emphasis in such works was on
the processes of international migration, however, the
concept of “migration chains” was applied at the micro
level of cities [39]. This method involved the analysis
of local groups of migrants (usually united by ethnic-
ity) and their “migration chains” — combination of the
main direction of movement, the reasons for migration
and communication with familiar people in the desti-
nation city. This allowed the first researches in the field
of the current assessment and forecast of the scale of
population migration in cities and the level of informal
employment in them.

A fundamentally new round of migration analysis, es-
pecially circular migration, has been the development of
chronographic concepts, which is closely related to the
Swedish geographer T. Hagerstrand and his students. In
these works, individual trajectories of the movement of
people were analyzed for the first time [6,16,38]. Re-
searches in this area was mainly based on field studies
of road traffic analyses in the suburban area of large
cities and highlighting main borders of the circular la-
bor migration. This served as a prototype for present
researches with the using of modern technology.

For now, the key problem in field of estimating the
extent of circular migration and informal employment
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in the economy, as well as other adjacent topics, was
imperfection and significant limitations on use of the
“classical” statistical data sources such as companies’
surveys, census and other similar methods [22,23].
Moreover, the old methods of statistical observations in
many cases did not allow calculating indicators in the
field of circular migration and informal employment.
The solution was the usage of alternative data sources
and their inclusion in the general statistical system.

One of the earliest kinds of such sources became
administrative data from authorities and their subordi-
nate organizations. Pioneers in this area were national
statistical authorities of Nordic countries [35,44] and,
to a lesser extent, Canada [43] and several Western
European countries [45]. The Nordic countries have a
long tradition in using administrative data sources —
their comparatively small population and area allowed
the administrative data to be included in the general
national system of statistical observations from a very
early time (first experiments can date back to the 1960s).
The earliest practices of using administrative data are
related to the use of data from registering authorities re-
garding population and migration in the country and its
individual parts or regions [19]. Further, the practice of
using the data of the registering authorities for statistical
purposes extended to such indicators as the number of
households and living conditions, the number of firms
and entrepreneurs, the employment of the population in
various sections, the level of income, the level of edu-
cation, etc. Later, similar experience was used in other
Western European countries, and then included in the
general system of European statistical observations and
started to be used by the Eurostat. The administrative
data can be also used for the production of the official
statistics even without the existence of the population
register (e.g., in New Zealand) [4].

At the present day, many authors notice that usage
of administrative data by national statistical authori-
ties has come out from the experimental stage and has
become common practice in the developed countries
and regions [40]. However, innovative approaches to
the use of administrative data continue to evolve. New
tools are associated mostly with the development of
GIS systems. The Nordic countries have developed a
point-based statistical system — the locations of build-
ings or other statistical units are specified using geo-
graphical coordinates, giving the exact location of them
using developed linking system [35].

Development of mobile connection and Internet tech-
nologies combined with their widespread penetration
into everyday life provide new opportunities for the

circular migration and informal employment analysis.
The first circular labor migration studies using such
data were carried out in the USA and EU countries
in the late 1990s — early 2000s [7]. A significant part
of these studies examined the distance of daily rides
and their causes, as well as the main and local centers
delimitation in agglomerations [8,37]. Earlier research
was based on the analysis of the simple density of mo-
bile signals (number of calls per square) depending on
their time and location. This allowed to study the pul-
sation of economic activity in the city during the day,
week or year, but did not allow to accurately determine
the direction of people’s movement during these peri-
ods [7,11,18]. More modern methods of using mobile
operations’ data involve an individualized analysis of
personal movements (without disclosing data about the
owner himself). This made it possible to give informa-
tion not just about the scale of the activity itself at a
given time, but also to answer the questions about the
sources, directions and purposes of movements [S]. The
similar analysis can be found in recent experience of
Estonia [26], Finland [36], and Indonesia [10].

In Russia, one of the first attempts of using mobile
operators’ data to research circular migration on the
example of Moscow agglomeration was the work of
researchers group for the Moscow Urban Forum in
2013 [1]. The very deep penetration of mobile com-
munications in Russia and almost total coverage of
the entire population with mobile communications (the
number of mobile subscriptions in Russia as a whole
exceeds the population by more than 2 times, and in
Moscow and Moscow oblast more than 3 times by
the survey-based Rosstat data) made extremely de-
tailed statistics of the permanent population, circular
and inter-regional migration estimations possible. Af-
terwards, a number of studies of the circular migration
and informal employment in other large urban agglom-
erations of Russia based on new data sources have been
published [25,31-33].

Overall, most works note the disadvantages of using
only one data source in the description of the migra-
tion situation and labor market condition especially in
large urban agglomerations. Combination of the var-
ious data sources (such as statistical surveys of com-
panies and population, administrative data, Big Data
sources from mobile and Internet-related companies,
etc.) is presented as the optimal solution for the correct
assessing of the scale of circular migration and infor-
mal employment [17]. Using of several data sources
can provide the quality advantage to the final statistical
values due to annihilation of each other’s shortcomings
and errors.
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3. Data source description

For the purposes of this study, including the estima-
tions of the population of Moscow and the Moscow ag-
glomeration, the extent of circular migration and infor-
mal employment, the authors used a combination of the
following data sources and their subsequent analysis:

1. Official statistic data provided by Russian Statis-
tic Authority (the Rosstat). It is an example of us-
ing “classic” statistical analysis tools. The Rosstat
calculate the resident population based on a con-
tinuous population census (the last one in Russia
was in 2010) and subsequent adjustment for the
birth rate, mortality rate and the registered migra-
tion balance. Between censuses, an error accu-
mulates due to accounting for population growth
born in the Moscow, but immediately moved out
to another region; and omission of persons who
changed their place of actual residence, but did
not change their place of registration. The scale
of circular migration in the large urban agglomer-
ations of Russia is not currently calculated by the
Rosstat. Such assessment can only be created by
using alternative data sources;

2. The federal administrative data from the Pension
Fund of the Russian Federation (PFR): individual
anonymized data on monthly basis, official em-
ployment, salaries and data on registered individ-
ual entrepreneurs. In 2016, the Moscow Govern-
ment and the PFR signed the agreement on infor-
mation interaction. In accordance with the agree-
ment, the PFR transfers depersonized data of em-
ployees and employers operating in the territory
of Moscow city and paying insurance premiums
to the Department of Economic Policy and Devel-
opment of Moscow. In contrast to official statistics
by the Rosstat, we have continuous, and not se-
lective, monitoring of all employers and workers
who pay and receive official wages. In Moscow,
this is about 9.5 million people, more than 330
thousand organizations, and about 200 thousand
individual entrepreneurs and self-employed;

3. Data from the Moscow city registers and online
public services such as the Unified Medical In-
formation Analysis System (UMIAS), the edu-
cational system (KIS GUSOEYV), the “My Docu-
ments” system, housing and utility payment sys-
tem (EIRC). These data sources allow us to iden-
tify in more detail the population groups receiving
various services in Moscow, and take them into
account when assessing circular migration from
the other regions of Russia;

4. Data from the 3 biggest mobile phone operators
in Russia provided by the Department of Infor-
mation Technologies of Moscow City Govern-
ment. The people’s location is determined based
on measurements of their distance from the 3 near-
est stations, depending on the signal strength (its
power), and generalized to the 300 to 300 me-
ters surface cells. The system registers subscribers
who make calls during the day with a gap of 30
minutes. Thus, data of the movement of the sub-
scriber is generated. After this, there is the pro-
cess of depersonalizing information and clearing
the sample from various distortions such as sig-
nals of modems, tablets, signals of subscribers
with two or more SIM-cards, random signals from
airplanes and others.

Based on the above data, the authors conducted
a comprehensive analysis of the population of the
Moscow agglomeration and its changes over a given
period of time, as well as the labor market analysis.
Based on the balance of these data sources, the key
statistical indicators for Moscow were calculated: the
number of permanent and temporary “daylight” popu-
lation, the scale of circular migration and the level of
informal employment. The key findings for the Moscow
agglomeration are the following.

4. Permanent population of the Moscow
agglomeration

The official statistical estimation by the Rosstat notes
that permanent population of Moscow city is 12.6 mil-
lion people, of Moscow oblast — 7.5 million, totally in
both regions (also unofficially known as Moscow capi-
tal region) — about 20 million in 2018 (Fig. 1). Official
statistic shows that both federal subjects experience a
population growth of about 1% per year each in the last
decade.

However, the official statistics do not fully take into
account the features of living within the urban agglom-
eration and, as a result, does not correctly display the
permanent population of Moscow. There is a constant
diversion of population between Moscow and Moscow
oblast, as well as other surrounding regions. It is diffi-
cult to distinguish part of the population between the
city and the region because people use social services in
both federal subjects. A combination of data sources is
necessary to calculate a more accurate statistical border
of the permanent population of both federal subjects (in
this case, overlays in the population of Moscow with
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Fig. 1. Permanent population of Moscow and Moscow oblast in 2000-2018 (in million people on average per year). Sources: Rosstat.

other federal subjects, except Moscow oblast, can be
ignored due to their insignificance).

For an alternative assessment, we combined data
from EIRC and UMIAS to estimate the number of
adults (18+ years old) living permanently within the
administrative borders of Moscow. The population of
this category of people is 8.9 million. In addition to
this, the population under the age of 18 was calculated
based on data from KIS GUSOEYV and the registry of-
fice, including the number of nonresident students per-
manently living in Moscow during their studies — the
total number of people in this category amounted to
2.2 million people. The last category included people
permanently residing (spending the night) in Moscow
and not falling into the previous categories — their num-
ber amounted to 0.8 million people based on data from
mobile operators and geoanalytics. As a result, the total
permanent population of Moscow within the adminis-
trative borders is 11.9 million habitants in 2018.

There is a discrepancy between our results and the
official statistics data. The main reasons for the discrep-
ancy in the data may be the following causes:

— part of the population, which actually living in the
Moscow oblast, retains Moscow registration and
partially uses Moscow social services;

— part of those who born in Moscow, whose parents
are from other regions, and actually not living in

Moscow, were included in the calculation of the
permanent population by the Rosstat.

A similar method was used to calculate the perma-
nent population of Moscow oblast, which amounted to
8.1 million people in 2018 (official data is 7.5 million
by the Rosstat). As a result of the calculations, the min-
imum values for the permanent population of Moscow
and Moscow oblast in 2018 were obtained, as well as
the range of the population that can be attributed to both
regions. The 600—-1200 thousand people permanently
use the different public services in both federal sub-
jects (e.g., registration in Moscow, housing in Moscow
oblast, health services in Moscow, school in Moscow
oblast, etc.) and even divide the night time between
these two (Fig. 2).

The total summary population of Moscow and
Moscow oblast is 20 million is the same in all data
sources. That means that the main differences in esti-
mates of the number of the permanent population are
associated with the accounting or non-accounting of
individual population groups between these two federal
subjects, depending on the assessment methodology.
That difference can be interpreted as the absence of
the economic and social border between Moscow and
Moscow oblast (especially the municipalities, which
are situated closest to Moscow) within the Moscow
agglomeration.
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Fig. 2. Comparison of the permanent population of Moscow and
Moscow oblast based on various data sources in 2018 (in million
people). Source: authors’ estimations.

5. Circular migration and delimitation of the
Moscow agglomeration borders

The determination of agglomeration boundaries is
critical for the state regulation of territorial development
and is often associated with an assessment of the flows
of circular migrants from neighboring territories. How-
ever, delimitation of the boundaries of an agglomeration
depends not only on the methods of analysis, but also on
the very meaning that is embedded in this term. In the
most general sense, agglomeration is a geographically
coupled congestion of urban settlements connected by
socio-economic ties. The majority of specialists today
adhere to this general definition, but its specific in-
terpretation used through the indicators varies greatly.
There is a large number of approaches to delimitation
the boundaries of an agglomeration. However, the most
common methods include following approaches:

1. using the criterion of transport accessibility, in-
cluding the analysis of the average time in the
way to the agglomeration center by various types
of transport and the calculation of transport
isochrones. The most common values taken for
agglomeration boundaries are isochrones of trans-
port accessibility at 1 hour, 1.5 hours or 2 hours,
depending on the population size and type of
transport [31,37]. This is the most popular method
of delimitation agglomeration boundaries to date;

2. analysis of the size and direction of labor circu-
lar migration flows [1,4,7,18]. Like the previous
method, it is one of the most popular. However, its
use is associated with great statistical limitations
and difficulties in use, which predetermined its
later use for practical purposes of state regulation
of territorial development. Most experts draw the
boundaries of an agglomeration in the range of
values from 10 to 30% of the population making
regular trips to work in the agglomeration core;

3. using the urban density criteria — it means the
delimitation the boundaries of continuous urban

built-up area or as some scientists call the “ur-
ban continuum’ [14,27,30,42]. This method has
a limitation on its use without integration with
other methods. Many urban agglomerations in-
clude green spaces (e.g., parks) between sepa-
rate parts, which makes it very difficult to draw
agglomeration boundaries exclusively by urban
built-up area. In most cases, this method is used
as a complement to other methods to distinguish
the core of the agglomeration;

4. sociological research methods, which include
conducting surveys among the population for the
purpose of determining territorial identity [25,32,
33]. This method of delimitation agglomeration
boundaries is gaining popularity among represen-
tatives of the scientific community within the sci-
entific postmodernism. However, the method is
used extremely rarely for public administration
purposes due to its low accuracy.

It is more common to find a simplified delimitation of
the boundaries of the Moscow agglomeration in Russian
scientific and specialized literature by combining the
borders of Moscow and Moscow oblast. In most cases,
this is a forced simplification due to the incomplete-
ness of the statistical information and its not enough
fractional representation.

In this study, we will adhere to the OECD methodol-
ogy for identifying agglomeration boundaries, mainly
based on data of circular migration to Moscow from
mobile operators. This methodology was developed in
2012 jointly by the OECD and the Department of Re-
gional and Urban Development of the European Com-
mission for the consistent determination of functional
urban areas in different countries using population den-
sity and travel flows to work as key criteria. According
to the OECD methodology, an agglomeration consists
of a densely populated city core and an adjacent terri-
tory (commuting zone), whose labor market is closely
integrated with the city core [12]. The separation of
agglomeration according to the OECD methodology
goes through three successive stages [9]:

1. agglomeration core (or cores) are distinguished
— urban areas with a population of more than 50
thousand people and population density more than
1.5 thousand people per sq. km. In some cases,
this value is reduced to 1.0 thousand people per sq.
km due to the characteristics of residential areas
(e.g., USA, Canada, Australia and other countries
with a predominance of low-rise housing);
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2. calculation of the “zone of active interaction”,
where more than 15% of the employed population
make labor circular migrations to the agglomera-
tion core more than 3 times a week. The value of
15% as the main border was chosen based on em-
pirical studies of the largest urban agglomerations
of OECD countries;

3. the establishment of the urban active territory
boundaries, including the elimination of “out-
breaks” and “islands” of active interaction out-
side the main array of the active zone, as well
as the subsequent correlation of the obtained ag-
glomeration zone with the smallest cells of the
administrative-territorial division.

The scope and directions of circular migration within
the Moscow agglomeration were determined based on
the mobile operators’ data and the determination of the
main day (work and study place) and night (home place)
stay places. Place of living is determined as the place
where a person (mobile phone owner) spend more than
20 hours per week from 11 p.m. till 6 a.m. Respectively,
place of work is the place where a person (mobile phone
owner) spend more than 20 hours per week from 10

a.m. till 5 p.m. Based on the data obtained, the propor-
tion of the municipality population that makes regular
trips to the Moscow center — the core of agglomeration
— was determined. After that, a continuous border of
municipalities was delimitated with 15% or more of the
population participating in the circular migration to the
Moscow center. As a result, the border of the Moscow
agglomeration was obtained (Fig. 3).

The use of this method of determining the person
state during the day has some disadvantages. The main
restrictions affect the part of the population that works
either during the night, or works at an unsteady work-
place (e.g. taxi drivers or couriers, etc.), or works from
home. They may have unusual movement patterns,
which would not allow to accurately determine the loca-
tion of their work. Nonetheless, the total share of these
categories of people in the structure of the employed
population in Moscow does not exceed 5% according to
the Rosstat Labor Force Survey in 2018. It means that
such an assumption does not have a significant effect
on the final results and can be further adjusted using
other data sources.

Estimates show that the labor circular migration to
Moscow is about 2 million people daily, of which 1.1
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million are from the Moscow oblast. The obtained
boundaries of the Moscow agglomeration include the
territory not only of almost the entire Moscow oblast
(with the exception of the urban district of Dubna in
the north of the region), but also of municipalities
from 6 other neighboring entities — Kaluga, Smolensk,
Tula, Tver, Vladimir, and Yaroslavl oblasts (federal sub-
jects). However, the largest share of circular migrants is
concentrated in the near belt of municipalities around
Moscow with individual “tails” along the main trans-
port tracks. The boundary of the conditional fracture of
the flow of circular migrants runs approximately 50 km
from the Moscow Automobile Ring Road, thereby high-
lighting the zone of “effective” circular migration. Also,
inside the agglomeration, second-order cores with a low
proportion of labor circular migrants to the main core
are quite clearly distinguished. These are the large cities
in Moscow oblast (such as Kashira, Klin, Kolomna,
Mozhaysk, Serpukhov, Volokolamsk and others) with
a relatively developed labor market of their own, as
well as located at a considerable distance from the cen-
ter of Moscow, which makes them more attractive for
workers [42].

The use of mobile operators’ data from has some
limitations regarding to the analysis of circular migra-
tion. The mobile operators’ data do not take into ac-
count people who do not use mobile services. However,
In the vast majority of cases, they are people of two
polar age categories: the youngest (mostly preschool
children) and the oldest who significantly older than
working age. These two categories of the population
have no significant impact on the scale of circular la-
bor migration. Because these groups of people are not
involved in main economic activity in most cases.

The presence of reverse labor circular migration
— from Moscow to Moscow oblast — should also be
mentioned. It is about 0.2 million and includes people
mainly living on the outskirts of Moscow and working
in the near zone of municipalities of Moscow oblast.
As a result, the balance of labor circular migration to
Moscow is 1.8 million people daily.

The border of the Moscow agglomeration, obtained
based on data of circular migration, in its general form
correlates to the conception of its delimitation pre-
vailing in the scientific community. The highlighted
borders correspond to the “classical” concepts of the
boundaries location of the Moscow agglomeration — the
presence of elongated “tails” along the main transport
routes towards neighboring regions [14,30]. However,
the boundaries of the Moscow agglomeration delim-
ited in this study differ in their further distribution from

the main core of the agglomeration, which reflects cur-
rent trends in the all-around growth of Moscow and its
socio-economic development.

The most significant distinguishing feature of the
agglomeration boundaries identified by the authors
was the almost complete inclusion of the territory of
Moscow oblast. When using the method of border de-
limitation based on transport accessibility, many of
the most remote municipalities in Moscow oblast are
not included in the Moscow agglomeration, because
they are outside the 1.5-hour and even 2-hour transport
isochrones [32]. However, using the border delimitation
method taking into account the actual circular migration
allows us to talk about real economic ties between the
periphery and the core of the agglomeration, and not
about hypothetical as previous methods use [34]. As
a result of this, verification of identified borders with
existing economic realities in society is increasing.

A distinctive feature of the Moscow agglomeration is
the relatively large main core due to the OECD method-
ology delimitation, significantly exceeding the cores
of other major global cities. The core of the Moscow
agglomeration includes not only the immediate center
of the city, as in most other agglomerations, but a sig-
nificant part of the suburban residential zone with pop-
ulation density more than 1.5 thousand people per sq.
km. This is due to the predominance of multi-story resi-
dential buildings in the near suburbs of Moscow, which
increases the average population density and formally
makes them similar to the city center by the OECD
methodology [27,48].

The use of mobile operators’ data of the people’s
movements showed the presence of significant fluctu-
ations in the number of circular migrants and the pop-
ulation within Moscow as a whole during the week
and throughout the year. A similar population pulsation
is observed not only between Moscow and Moscow
oblast, but also between neighboring regions. Not just
the total population of a given territory is subject to
change, but the dominant direction of people’s move-
ment is too. During working days, the overwhelming
majority of people move towards the center of Moscow,
where the main jobs and leisure are concentrated, and
in the evening, return migration to homes occurs. Dur-
ing the weekend, labor circular migration to Moscow
is greatly drooped off (although it does not completely
disappear). Also, on the contrary, significantly increased
the people’s movement from the main part of Moscow
to the suburban area for the purpose of recreation. These
fluctuations in the daily population of Moscow are fur-
ther enhanced by seasonal changes throughout the year.
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Fig. 4. Fluctuations of the daylight population of Moscow and Moscow oblast in 2018 (in million people). Source: authors’ estimations.

During the summer, the flow of residents of Moscow
who go on vacation to Moscow oblast, to other regions
of Russia or abroad increases significantly. At the same
time, labor circular migration to Moscow is reduced
during the summer vacation season. As a result, two
extremum points are formed during the year in the day-
light population of Moscow and the Moscow agglom-
eration.

The high peak of the daylight population of Moscow
is on a weekday in winter and amounts to 14.5 million
people (Fig. 4). At the same time, the population of
Moscow oblast is 7.2 million, and the total population of
the Moscow capital region — 21.7 million. It includes not
only the circular migrants but also tourists, recreational
visitors, students, etc., which were calculated based on
mobile operators’ data of the people’s movements from
other territories, as well as the balance with other data
sources mentioned before.

The minimum daylight population of Moscow is in
summer weekend — about 10.5 million. However, in
the same period, the population of Moscow oblast in-
creased to 9.8 million due to the Muscovites traveling
on vacation, and thereby almost reached the parity in
the population of the two federal subjects. The total
population of the two regions is also slightly reduced
to 20.3 million people due to the population leaving for
vacation in other regions of Russia and other countries,
as well as a reduction in labor migration during the
summer season.

The estimations of the population pulsation during
the week and during the year are critically important
for the purposes of public administration, especially in
the field of development of the Moscow agglomera-
tion transport complex. Data of the daylight population
of Moscow and Moscow oblast at the different time
periods should be taken into account when predicting
the load on various infrastructure objects (transport,
social, recreational, etc.). Peaks in population indicate
precisely the maximum possible load on these objects,

which should be taken into consideration when regulat-
ing territorial development. Further, estimation of the
permanent population, as well as circular migration, can
be supplemented by using data from various transport
departments and companies about the scale of people’s
movement.

6. Estimations of the formal and informal
employment

Assessments of the employment structure of Moscow
with the allocation of informal employment imply the
use of all previous calculations for the analysis of the
permanent population and labor circular migration. The
estimations of the formal and informal employment in
Moscow were received by the balancing the data of
the estimated workforce and data from the FTA, PFR,
KIS GUSOEYV and mobile operators, as well as official
statistics by the Rosstat.

The estimation of informal employment level in the
Moscow economy based on the balance method of vari-
ous data sources (all indicators are the year average) was
carried out according to the following scheme (Fig. 5):

1. Persons under 18 years old who are not actively
involved in labor activities were excluded from
the total permanent population of Moscow at 11.9
million. The total permanent population of 18-+
years old in Moscow amounted to 9.8 million
inhabitants;

2. Based on data from the PFR, KIS GUSOEY, and
the Rosstat the current working population, as
well as various population groups excluded from
work activity for various reasons (unemployed
retirees, unemployed university students, mili-
tary personnel, other unemployed persons, etc.),
were allocated from the adult permanent popula-
tion of Moscow. The total number of the working
Moscow residents is 6.2 million;
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11.9 min

Permanent population of Moscow

® Working residents
2.1
Retirees
Students (18+)
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m Other persons not engaged in economic activities

8.3 min

Working in Moscow

m Residents of Moscow

(military personnel, housekeepers, etc)

m 18 years and older ® Unemployed (WLO)

0.2

®m Employees in organizations
Indiviual entrepreneurs, including hired persons

m Unlegalized workers

= Migrants (net balance)

7.8 min

Employed in organizations

= Employed in large organizations
Employed in state and budgetary organizations

® Employed in medium and small business

Fig. 5. Scheme of the informal employment assessment in Moscow (in million people). Source: authors’ estimations.

3. The total number of the population working in
Moscow was calculated by adding up the em-
ployed resident population of Moscow and the
net balance of labor circular migration. The to-
tal number of working persons in Moscow is 8.3
million;

4. Employees in organizations (7.8 million people)
and individual entrepreneurs (including 0.3 mil-
lion hired persons) according to the PFR and Fed-
eral Tax Service (FTS) were excluded from the
total number of working persons in Moscow;

5. As aresult, the number of informally employed
people in Moscow was obtained — 0.2 million.

The final result of the assessment of informal em-
ployment is influenced by the particularities of assess-

ing the permanent population of Moscow and labor cir-
cular migration, the methodology which was described
earlier in the article. The greatest dependence from a
theoretical point of view may be associated with the
estimation of the permanent population since this is
the largest base numeric component. However, this fig-
ure is largely verified using administrative data (FTA,
PFR, KIS GUSOEYV). There are some risks of under-
estimating the number of labor circular migrants based
on mobile operators’ data. This can happen both due
to methodological assumptions in terms of recognition
or, on the contrary, non-recognition of a subscriber as a
working in Moscow person, and due to the use of data
from only three mobile operators (even the largest in
the country). However, the influence of individual as-
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sumptions mentioned above is extremely low and does
not have a significant effect on the final result.

The pure informal employment around 200 thousand
people is rather low in Moscow — it is just 2.5% of to-
tal employment. It is lower than the official statistics
data even for the permanent Moscow residents (3.6%
of total employment), because the Rosstat publishes the
informal employment estimation only for the residents
and not for the all employed on the territory of the city.
One of the reasons is the methodology of informal em-
ployment calculation by the official statistics. In accor-
dance to the Rosstat’s methodology, the individual en-
trepreneurs and the registered self-employed (in terms
of tax legislation of Russia) are included in the informal
sector.

That is the point of discussion about the implementa-
tion of ILO recommendation on concerning statistics of
employment in the informal sector. Informal employ-
ment is defined by the ILO according to the resolution
concerning statistics of employment in the informal sec-
tor adopted by the 15" ICLS. The ILO includes in in-
formal employment definition only own-account work-
ers employed in their own informal sector enterprises,
which are defined accordance with the International
Classification of Status in Employment [21]. According
to the ILO, own-account workers employed in formal
sector (which means they are subjects to national labor
legislation, income taxation, social protection or enti-
tlement to certain employment benefits) are not part of
the informal employment.

From the city governance point of view, the individ-
ual entrepreneurs and the registered self-employed are
a part of the formal sector: they are legal taxpayers,
there is no economic difference between them and the
micro-enterprises (legal entities), as for instance.

The main problem is the partly informal employ-
ment or the “gray zone” — the only minimal wage is
officially paid for 18% of employed according to the
FTS data [24]. The relatively low level of informal em-
ployment in the economy of Moscow in comparison
with the level of “gray” employment makes the lat-
ter a more significant point of attention for pursuing a
policy of Moscow authorities in terms of sustainable
socio-economic development of the city.

Subsequently, the methodology for assessing infor-
mal employment through the balance of various data
sources can be improved by more accurately taking
into account international labor migration to Moscow
in low-skilled sectors, e.g., by including data from the
Federal Migration Service in the balance sheet. More-
over, features of subscribers’ movement during the day
can serve as an additional characteristic for the level of
informal employment assessment.

7. Conclusions

The analysis in this research showed that the com-
bination of various data sources provides a more de-
tailed and complicated picture of the population and
labor market than each of the sources separately. Cer-
tainly, each data source has its own limits on use and
disadvantage, as well as conveniences. The new alter-
native data sources like mobile operator’s data cannot
replace the “classical” statistical or administrative data.
For the time being at least, the direct usage of mobile
operator’s data is limited for estimation of some popu-
lation groups, e.g., small children and the elderly (80+)
people, or it is almost impossible to distinguish stu-
dents and teachers. Besides, there are some technical
problems to calculate the transit migration correctly.

There is a general methodological problem of using
mobile operators’ data. Currently, there are no generally
accepted definitions of what we consider as a place of
work, a place of residence, or what scale territorial cells
do we use for analysis, etc. As a result, all the studies
existing to this day are not comparable among different
cities and regions of the world.

Nevertheless, the combination of various data sources
creates the new opportunities for the decision-making at
the different levels of administration. All findings of this
work are not the only analytical exercise but the base of
the practical implications of the city management. The
assessments made it possible to use the results obtained
in terms of a comprehensive state policy of territorial
development including areas such as the development
of the transport complex of Moscow agglomeration,
development of secondary centers of agglomeration, job
creation in new districts with low density of workplaces,
housing construction, economic forecasting, etc. Such
opportunities are available not only to the Moscow city
authorities, but also to federal authorities, authorities of
Moscow oblast and other regions of Russia, as well as
municipal authorities.

The existing lack of clear boundaries in the territo-
rial positioning of the population within the Moscow
agglomeration enormously complicates the process of
statistical accounting. The research showed the absence
of real economic and social borders between Moscow
and Moscow oblast. About 600-1200 thousand people
use on a permanent basis different public services in
both federal subjects. The health and educational, as
well as transport, planning is aware of the existing “soft
border” between Moscow and Moscow oblast.

Despite the estimates of the permanent population
of Moscow being lower than official statistics data,
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the study showed a greater seasonal fluctuation in the
actual daylight population located in the city. During
the period of maximum peak load in Moscow, there
are at least 2 million people more than according to
the Rosstat. This value indicates the need to take into
account the greater load on the existing infrastructure
of the city than only taking into account the permanent
population of Moscow.

This paper presents one of the first and most complete
estimates of the extent of circular migration within the
Moscow agglomeration based on non-survey methods.
The reverse labor circular migration from Moscow to
Moscow oblast was also assessed, which has rarely been
presented in the scientific literature. The scale of the
circular migration in the Moscow agglomeration is one
of the key factors that must be taken into account when
conducting the urban policy of territorial development.
The long-term priorities of the housing construction
policy in Moscow should aim at stabilizing circular
migration. It means that the housing construction in the
medium zone of Moscow (including renovation of the
former industrial areas) should be continued.

The correction of the labor force balance and better
understanding of the scale of formal and informal em-
ployment. The estimations showed that the real scale
of informal employment in Moscow is not as high as
indicated in the official statistics due to the inclusion
of individual entrepreneurs with hired persons in the
real employment structure. It means that the main focus
in the labor and economic policy in Moscow is not the
legalization of the pure informal employment but the
partly informal “gray zone”.

In further, the all methods of combining of various
data sources can be supplemented and improved by in-
cluding additional sources of information. Improving
the use of mobile operators’ data may also go on by
including a larger area for analysis, as well as reduc-
ing the size of the statistical cell for microgeographic
studies.
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