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Abstract—A quantitative forecast estimate of the growth in the number of people employed in the economy
in 2030 is formed compared to 2018 in the regions of the Arctic and the Far East, taking into account an
increase in the retirement age of five years and the status of the region as the territory of the Far North, as well
as changes in the age and sex structure of the population in age categories 50–54; 55–59; 60–64 years old.
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Introduction. Implementation of the Russian pension reform in 2018, which envisages an increase in
work duration by 5 years by 2030, will add a significant
number of people employed in the economy to the
labor market. An increase in the retirement age inevitably causes the aging of the population employed in
the economy, and one of the features of employment
is the high proportion of elderly and old people as a
consequence of a decrease in the birth rate and an
increase in life expectancy [1–7].
The economic and social problems that cause the
aging of the workforce are numerous, and there is no
convincing practical experience of their successful resolution [3]. A reduction in the number of labor force
and a decrease in labor productivity amid a significant
increase in the share of the elderly population leads to
a slowdown in economic growth and an increase in the
burden on the state budget [8]. As a result, the most
effective response to these challenges was to increase
the retirement age [9, 10].
The choice in favor of raising the retirement age is
also substantiated in [11–13], while it is noted that it is
only one of the necessary measures to stabilize the situation until 2028.
In [13], it was shown that between the growth of
employment of older workers aged 60–64 years and
the decrease in employment and a stable level of
unemployment, 20- to 24-year-olds do not have direct
competition from both labor supply and demand due
to significant differences in qualifications obtained.
The opposite position of the expediency of raising
the retirement age from a demographic point of view is
taken by the authors of [14], according to which, due to

the long lag behind most developed countries in reducing mortality, Russia is not objectively ready for it.
The problem of increasing the employment of persons of retirement and pre-retirement ages in the context of demographic aging of the population and labor
shortages is considered in [15–20]. In [21], it is estimated that raising the retirement age will cause additional involvement of 4 to 5 million people in the
workforce at the age of 55–60 (65) years. At the same
time, as a result of the advancing growth in the number
of jobs, the number of jobs, unemployment may
increase from 3.5–4.0 million up to 7.7–7.8 million
and make up 9.6–9.7% of the workforce. In [22],
numerical modeling of additional staffing needs revealed
its oscillatory sawtooth character over 10 years of pension reform, and its national average value in this
period will decrease by 15%.
Among the priority areas of socioeconomic development, a special place is occupied by the regions of
the Arctic and the Far East, where there is a significant
shortage of qualified personnel and where pension
reform could compensate for this shortage [23, 24].
In [25–27], a list of the most popular Arctic professions in the present and in the future was compiled and a
comparative analysis of this list with the specialties of
training was given; it was shown that not all of them
trained in the Arctic zone of the Russian Federation (AZ
of the Russian Federation), while 80% of professions
from this list require secondary vocational education.
In [28–30], the potential of the Far East education
system is presented from the position of ensuring the
accelerated development of the macroregion as a priority territory of Russia. It has been established that a
low percentage of meeting the needs of the economy
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for labor due to graduates of the education system in
some regions of the Far East is associated with a high
migration outflow of young people outside the district. It is shown that the problem of the region’s personnel deficit is solved by attracting foreign and interregional labor migrants to the region.
The purpose of this article is to formulate a forecast
estimate of the change in the number of people
employed in the economy in 2030 compared to 2018,
taking into account the number of working pensioners, as well as changes in the demographic structure of
the working age population in the regions of the Arctic
and the Far East.
Calculation methodology. On the territory of the
Arctic and the Far East, there are 18 subjects of the
Russian Federation, each of which has regional specifics. At the same time, in relation to pension reform,
these regions can be divided into two distinct segments. The first is 11 subjects of the Arctic zone of
Russia and the Far Eastern Federal District, which are
fully attributed to the territories of the Far North or
equivalent to them (hereafter, northern regions). The
population living in these territories has the right to
receive an old-age insurance pension five years earlier
than residents of other regions. The second is six subjects of the Far Eastern Federal District, only a small
part of them are assigned to territories equivalent to
the territories of the Far North and the Krasnoyarsk
Territory, therefore, the indicators of pension reform
are similar to other Russian regions (hereafter, AllRussian regions) [31]. The following table shows the
names of the constituent entities of the Federation
included in the AZ of the Russian Federation and the
Far Eastern Federal District, as well as the number of
people (men and women) in these territories and the
proportion of the population in the territories assigned
or equated to the territories of the Far North. The territories of a number of constituent entities of the Russian Federation are partly part of the Arctic zone of
Russia, but in this study, information on them is presented throughout the territory. The need to present
indicators in a gender context is due to the different
values of the retirement age for men and women.
To estimate the number of employed persons of
retirement age (hereafter, working pensioners)
between the ages of 50 and 64, four groups of the population are allocated depending on the gender factor
(men/women) and the regional category factor
(northern or all-Russian), in which the retirement age
increases. We denote g ∈ {1,2,3,4} the population
group number:
( g = 1)—women aged 50 to 54 years living in the
northern regions.
( g = 2)—men aged 55 to 59 years living in the
northern regions.
( g = 3 )—women aged 55 to 59 years living in allRussian regions.

( g = 4 )—men aged 60 to 64 years living in all-Russian regions.
To assess the number of working pensioners in
these age categories, we used the indicators of the Pension Fund of the Russian Federation on the number of
working men and women among the recipients of oldage insurance pension with their age distribution.
These working retirees belong to the category of
employees, i.e., employees, because for them the
employer transfers insurance contributions to the
mandatory pension insurance system [32].
The population size, as well as the number of people
employed in the economy in the retrospective period by
age and gender categories, was formed on the basis of
indicators of the Federal State Statistics [33].
The predicted value of the age and sex population
for 2030 for each region was calculated by the method
of shifting ages based on indicators of the age and sex
population in 2018 [33, 34] and survival rates [35],
since in statistics the forecast data for the regions are
presented only with detailing at three age levels: in the
able-bodied, younger and older than able-bodied [36].
Survival rate γ a,t defined as the ratio of population
Pa,t in the year t at age a to population P1,t −(a −1) at the
age of one year in a year t − (a − 1) :

γ a,t = Pa,t P1,t −(a −1) .

(1)

Numerical estimation of survival rate dynamics γ a,t
from t = 2000 by t = 2017 for Russia as a whole
showed that the values γ a,t change insignificantly
depending on the year t for each of the ages
a = 1,...,100 . The assessment made it possible to
approximate the value of the survival coefficient by a
standard logistic function γ a independent of time.
An analytical expression for estimating the stationary survival rate γ̂ a has the form:

γ̂ a = 1 (1 + e

−(a − b) c

(2)

),

where b = 74 and c = 7.87 are parameters of the logistic
function numerically evaluated in [37].
From the formula (1) it follows that the forecast
value of the age and sex population Pa +Δt,t +Δt at age
a + Δt in the year t + Δt will be expressed in terms of
age and gender Pa,t at age a in the year t and survival
rates by the ratio:

Pa +Δt,t +Δt = Pa,t (γ a +Δt,t +Δt γ a,t ).

(3)

Relation (3) was used to calculate the forecast sex
and age population in the region for 2030 according to
retrospective data from 2018 ( Δt = 12) Subsequently,
these forecast data were used to estimate the population in each of the four population groups.
g ∈ {1,2,3,4} .
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Fig. 1. Population (–r–r–r–) employed in the economy (–j–j–j–) and working pensioners (–m–m–m–) for five-year age
categories, Murmansk region, men, 2017, (second group).

The effect of changes in the retirement age on the
labor market.
1. Accounting for working retirees. To assess the
share of working pensioners, a comparative gender
and age analysis of the population, the number of people employed in the economy and the number of
working pensioners by five-year age categories in 2018
was carried out for each of the four population groups.
For the employed population, some of the indicators
in the statistics are given for 10-year age categories,
including those over the age of 60. Figure 1 as an
example, gives indicators for the Murmansk region.
For men aged 55–59 years ( g = 2) the share of
employees in the economy of the Murmansk region is
70% of the population in this age group, and working
pensioners β(2)
a,t0 = 46% population in the same age
group Pa(2)
,t0 . For women aged 50–54 years ( g = 1 ) the
share of employees in the economy of the Murmansk
region is 87% of the population in this age group, and
the share of working pensioners is β(1)
a,t0 = 57% population in the same age group.
Moreover, the share of working pensioners is
determined for each of the four groups according to
the formula:

β(ag,t)0 = L(ag,t)0 Pa(,tg0) , | g ∈ {1,2,3,4},

(4)

where L(ag,t)0 is the number of working age pensioners a
in group g ; and t0 = 2018 the year preceding the start
of the pension reform.
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An analysis of the share of working male (female)
pensioners in relation to the total number of male
(women) in this age group of the population showed
that for the northern and all-Russian regions of the
Arctic and the Far East there is a pronounced differentiation with thresholds of 55 and 60 years for men and
50 and 55 years for women (Fig. 2).
At the same time, averaging the share of working
pensioners across all territories of the Arctic and the
Far East gives a similar age dynamic for all four
groups. Figure 3 shows the average share of working
pensioners in relation to the total population in this
age group of the population.
It can be seen that this dependence on the almost
twenty-year-old age horizon is well approximated by a
linear function:

β̂a,t0 = 0.67 − 0.03(a − 50) | a = 50,...,67,

(5)

where a is the age of working pensioners in the range
from 50 to 67 years.
The universal nature of the dependence of relation
(5) allows us to use it in the future to estimate the number of working pensioners in other Russian regions.
To regionally compare the quantitative assessment
of the impact of pension reform on the increase in the
number of people employed in the economy, it is proposed to introduce the indicator K1( g ), g ∈ {1,2,3,4}
different for each of the four population groups. For
the first group, the indicator K1(1) represents the difference between the actual number of women
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Fig. 2. The share of working pensioners (m/f) in relation to the total population (m/f) in this age group of the population (as of
01/01/2019): ---- Jewish Autonomous Oblast, –e– Rep. Karelia, –m– Rep. Komi ⎯⎯ Primorskii krai, ––– Amur Region.
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Fig. 3. The share of working pensioners (m/f), in relation to the total population (m/f) in this age group of the population (as of
01/01/2019) An average of four population groups, all subjects of the Arctic and the Far Eastern Federal District: (⎯r⎯ actual
data, ----- trend line.
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ber of working female pensioners
Lfa,t0 in the
a = 50
year t0 at the same age, expressed as a percentage in
relation to the population of women
age of (15–72 years) in t0 = 2018 :
54

K1(1) =

 (Pf

a =50



72
a =15

Pfa at the

mum value K1(1) = 0 if all women aged 50–54 are
working pensioners.

72

a,t0

− Lfa,t0 )

 Pf

a =15

Indicator K1(1) characterizes the “gain” for the labor
market from an increase in the retirement age of
women in the northern regions by five years and can
only have a positive value. The indicator takes a mini-

a,t0

.

(6)

The choice for normalizing the value of the number
of women aged (15–72 years) allows you to compare
the indicator K1(1) different regions.

Expressions for calculating a metric K1( g ) for the
remaining three groups of the population, they are
similar to relation (6); only the corresponding indices
of the indicators characterizing gender or age will
change.
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Fig. 4. Population by annual age categories: –r– 2018, –j– forecast for 2030, –m– working pensioners in 2018.

2. The influence of the demographic factor. Regardless of the pension reform, the number of people
employed in the economy is affected by the number of
people in the selected age categories, whose importance in the forecast period is determined by demographic factors. In order to regionally compare the
quantitative assessment of the impact of the demographic factor on the labor market, expressed in
changes in the population in 2030 compared with 2018
in the analyzed age categories, we introduce the indicator K 2( g ) also different for each of g ∈ {1,2,3,4} population groups. For northern territories and women
( g = 1) indicator K 2(1) represents the difference
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between the predicted numbers of women
Pfa,t p
a = 50
at the age of (50–54 years) in t p = 2030 and the same



72

a =15

Pfa,t0 at the age of (15–72 years) in 2018:
54

K 2(1) =

The calculated values of the coefficients K1( g ) and
K 2( g ) are shown in scattering diagrams (Figs. 5 and 6).

54

actual value
Pfa,t0 in t0 = 2018 , expressed as a
a =50
percentage in relation to the number of women



For the purpose of visual interpretation of the coefficient K 2( g ) graphs of the actual population for 2018
and the forecast population for 2030 are given by
annual age categories: for the first group of employees
for the Sakhalin region and for the fourth group of
employees for the Amur region (Fig. 4). As can be
seen, the predicted number of women in the interval
(50–54) of the year (first group) in the Sakhalin oblast
is increasing by 2030 ( K 2(1) positive), and the predicted
number of men in the interval (60–64) of the year
(fourth group) in the Amur region decreases by 2030
( K 2(4) negative).



a =50

72

(Pfa,t p − Pfa,t0 )

 Pf

a =15

a,t0

.

(7)

The choice for normalizing the value of the number
of women aged (15–72 years) allows you to compare
the indicator K 2(1) for different regions and within a
region with an indicator K1(1) .

Coefficient K1(1) for women in the northern territories is in the range of 3–4%, and for men K1(2) 4–6%.
The scatter of indicators K1(3) for women and for men
K1(4)in the all-Russian regions was more than in the
northern territories and amounted to 4.5–6%.
(g)
Coefficient K1max
shows the proportion of the population in the 5-year age period in relation to the population aged (15–72 years). This is the maximum possible value of the gain for the labor market as a result of
the implementation of the pension reform if there were
no working pensioners in this five-year age period:

Indicator K 2( g ) characterizes changes in the population in a given age interval due to demographic factors
and can take both positive and negative values.
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Fig. 5. The values of the demographic factor

and

Coefficient K 2(1) for the northern regions it turned
out to be positive for women, due to an increase in the
number of women in the analyzed age categories (50–
54 years), and for the all-Russian regions K 2(3) was negative. A negative value K 2(2,4) was observed for men in
both northern and all-Russian regions, due to the fact
that the population of both men and women in these
age categories (55–59 years old) and (60–64 years
old) decreases in 2030 compared with 2018.
3. Total labor market gain. The total ratio
(g)
K 2 = K1( g ) + K 2( g ) shows the total gain in the labor
market in the form of additional workers, taking into
account two factors—the number of working pensioners and the absolute change in the population in the
corresponding five-year age categories. Summation of
indicators K1( g ) + K 2( g ) is possible because relations (6)
and (7) have the same denominators.

=

 (Pf

a =50

72

a,t p

− Lfa,t0 )

 Pf

a =15

a,t0

.

4

5

6

7

employment of retirees K1(3,4) for the Far Eastern regions,
a small part of the territory of which is assigned to the Far
North or equated to them (all-Russian regions): m women;
r men.

(1,2)
The maximum value of the coefficients K1max
for
the northern regions it makes up from 7.8 to 9.8% and
does not depend on gender.
In relation to the all-Russian regions, there is a
(3,4)
gender difference for the coefficients K1max
: women
(3)
(4)
K1max in the range from 8.8 to 9.6%, and men K1max
from 6.4 to 7.5%. Such a difference is caused not by
gender, but by age, since the proportion of working
pensioners of men and women is the same in equal age
categories (see Fig. 3).

54

3

Fig. 6. The values of the demographic factor K 2(3,4) and

employment of retirees K1(1,2) for regions whose territory is
assigned to the Far North or is equated to them: m women;
r men.
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2
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7
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K 2(1,2)

1
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Calculated indicator values K 2( g ) are in the range
from 3 to 5% for all regions of the Arctic and the Far
(1,3)
East. Here, K1max
makes up 7–9% of the population

aged 15–72. Figures 7 and 8 present in a visual form
(g)
indicators K1( g ) , K1max
and the total indicator K 3( g ) .
The total gain in workers for the labor market is in
the range of 4% of the population aged 15–72, both
men and women, which is two to two and a half times
(g)
less than the upper estimate K1max
on the basis of the
implementation of the pension reform.
4. Employees and workers. Workers and employees
are the main actors in the labor market. The number of
employees of Russian organizations in 2018 amounted
to 45.3 million people, including those who worked under
an employment contract and performed permanent, temporary or seasonal work for one day or more [38].
For the labor market, people who create value
added are important, and these are people in the
“employed” category. In 2018, the number of employees in the Russian economy amounted to 72.6 million
people. According to the methodology of the Federal
State Statistics Service, in addition to workers, the following main population groups are additionally
included in the category of “employed”: persons with
“informal employment”; part-time workers; family
members working gratis in individual or family private
enterprises; persons employed by individuals [39].
The quantitative difference between “employed”
and “employees” is significant; it amounts to 27.3 million people, or 1.6 times.
The difference in the number of employed and
workers is differentiated by constituent entities of the
Russian Federation, tends to increase over time and is
most significant for such types of economic activities
as agriculture and trade. So, in the Primorskii krai and
the Republic of Buryatia, the ratio of employed to
workers is 1.75, and in the Arkhangelsk region and the
Komi Republic, 1.3.
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Fig. 8. Coefficient Values K1(2,4) and K3(2,4) for the regions of the Arctic and the Far East: men: –r– K1max
,

An analysis of the categories of people in the labor
market shows that working retirees from among those
receiving old-age insurance pensions belong to the
category of workers. From Fig. 1, which shows the
number of people employed in the economy and
working pensioners by five-year age categories for the
Murmansk region, we can see the difference between
the number of employees and workers.
To take into account the impact of pension reform
on the labor market, it is important to know the ratio
of workers La,t and busy Ea,t for age periods
a = 50,...,54 , a = 55,...,59 and a = 60,...,64 . The
STUDIES ON RUSSIAN ECONOMIC DEVELOPMENT

K1(2,4) ,

K3(2,4) .

value of this ratio K 4 for men and women, calculated
by five- or ten-year age intervals for each region,
showed that these ratios are close to the average values
for the territory of this region.
This ratio is presented as an indicator K 4 which was
calculated according to t0 = 2018 :
72

K4 =

E

a =15

72

a,t0

L

a =15

a,t0

.

(10)

The estimated values of the indicator K 4 are given
in the table.
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1

1

1

1

1
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1

1

1

1

1

1
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total

total

women

Population aged 15–72 years,
thous. people, 2018

men

Percentage of population
in territories assigned or
equated to territories of Far
North

Table 1. Segmentation of Arctic and Far Eastern regions

1.75

1.86

1.41

1.7

1.38

1.74

1.47

1.24

1.4

1.01

1.29

1.49

0.94

1.31

1.35

0.69

1.47

1.48

1.53
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0.38
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1.19
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1.10

2.42

1.70

1.78

2.66

2.77

2.16

2.81

3.70

1.80

3.69

1.45

1.59

2.60

0.45

2.17

1.52

3.75

3.67

2.86

3.10

1.50

2.28

5.77

1.90

2.67

5.23

1.72

1.89

Increase in number of
Ratio
employees by 2030 as a result
of employed
of implementation of pension
in economy
reform and demographic
to number
factors, % K3* = K1* + K2
of employees,
times
men
women
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Accounting for the difference between employed
and workers will lead to a decrease in the coefficient K1
in the ratio (6) when calculating the gain from the pension reform and, as a result, to a decrease in the coefficient K 3 characterizing the total gain for the labor
market from pension reform, both taking into account
the number of people employed in the economy, and
taking into account changes in the population in 2030
in four groups of the population.
Corrected coefficient value K1*(1) for the group
( g = 1) taking into account (10) it has the form
54

K1*(1) =

 (Pf

a = 50

a,t0

− Efa,t0 )

72

 Pf

a =15

a,t0

(11)

54

=

 (Pf

a =50

a,t0

− K 4 Lfa,t0 )
.

72

 Pf

a =15

a,t0

The table shows the values of the coefficient K 3*
taking into account (11) for all 18 subjects of the Arctic
and the Far East; its value varies from 0.38% (men in
Jewish Autonomous okrug) to 5.7% (women in
Yamal-Nenets Autonomous Okrug) and averages
about 2% . It can be seen that the total gain for the
labor market after the implementation of the pension
reform is 3–5 times lower than the maximum possible
estimate of 9%.
Conclusions. An analysis of the number of working
people of retirement age from the number of recipients
of an old-age insurance pension in the subjects of the
Arctic and the Far East in 2018 at the beginning of the
pension reform showed that this value is described by
a universal function of age (ratio (5)) and weakly
depends on the category of workers (men, women),
region, and the presence or absence of northern preferences.
A high level of employment in the economy of people of age categories 50–64 years and a decrease in the
number of labor force in the age range of 55–64 years
by 2030 determines the level of gain for the labor market
from the implementation of pension reform 3–5 times
lower than the maximum possible.
For an in-depth analysis of the impact of pension
reform on the labor market in the Arctic and Far Eastern regions, it is proposed to compare the gains from
increasing the retirement age with the training of specialists in the vocational education system and labor
migration flows.
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