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Abstract. In modern conditions, the issues of assessing the sustainability of regional development are of
particular relevance. The complex problems of interrelation of economic growth, environmental pollution
and population well-being require the development and use of new, simpler and more understandable ap-
proaches for decision makers to assess, analyze, and predict sustainability at the regional level. The pur-
pose of the article is to investigate the opportunities for sustainable development of the regions of the Eu-
ropean North included in the Arctic zone, and to develop methods for forecasting their socio-
environmental and economic development based on sustainability window assessment. The dynamics of
changes in the relationship between environmental, social and economic indicators with the use of pollu-
tion functions is analyzed. The main factors contributing to the reduction of environmental pollution and
increase of the population's well-being are identified. It is shown that structural changes in the regional
economy and environmental investments have the greatest effect. A methodology for calculating sustaina-
bility windows for the regional economy is presented. The possibility of using the method has been demon-
strated using data from the Republic of Karelia. A scenario of sustainable development based on the re-
striction of economic growth for some regions and the requirements for the structure of the economy has
been developed. The results obtained can be used as an informational and methodological basis for as-
sessing and elaborating sustainable development policies in the Arctic regions.

Keywords: sustainable development, region, European part of the Arctic zone of the Russian Federation,
environmental restriction, economic growth, sustainability window.

Introduction

The most important requirement when working out the development strategies of coun-
tries and regions is sustainable development; besides, it is necessary to take into account the eco-
nomic, environmental and social aspects [1, Karginova V.V., Tolstoguzov O.V., p. 77; 2, Heininen L.,
p. 197]. In order to assess the possibility of sustainable development of the northern regions, it is
necessary to analyze the change in environmental and social indicators during the reforms.

The northern and arctic regions are characterized primarily by the vulnerability of the natu-
ral environment, and active resources development can cause serious ecological consequences [3,
Stepanko N.G., Stepanko A.A., Tkachenko G.G.]. Harsh climate and unfavorable living conditions
lead to significant additional costs for production activities, which creates the danger of neglecting
environmental problems. Therefore, it is necessary to take into account the relationship between
economic and environmental indicators in forecasting [4, Shelomentsev A.G., Belyaev V.N,,

llinbaeva E.A., p. 161]. Changes in the economy’s structure and accelerated auto-mobilization of
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the population have resulted in the fact that the impact of automobile transport on the pollution
level is not much less than industrial one [5, Pyzheva Yu.l., Pyzhev A.l,, Zander E.V., p. 510]. An in-
crease in environmental expenditures can significantly reduce the level of pollution [6, Zabelina
I.LA., Klevakina E.A., p. 79].

The northern and arctic regions of Russia are developing slowly after long decline in the
1990s, and population level is decreasing, in contrast to the Arctic regions of other countries [7,
Fauser V.V., Smirnov A.V., p. 15; 8, Zharov V.S., Ivanova M.V.]. The growth of migration is associat-
ed with changes in the income level, decrease in the quality of life in the north, low availability of
quality services [9, Ivanova M.V., Kasparyan Zh.E., p. 101]. At the same time, the trend in real in-
comes did not change in some northern regions, which made it possible to use time series for
forecasting without taking into account other factors [10, Krivoshapkina K.V., Matveeva N.N., p.
12]. The dynamics of social indicators are closely related to the production development, and dif-
ferent equations that include the level of regional economy development are proposed to assess
the standard of living [11, Ignasheva T.A., p. 362]. A number of works have shown that a slowdown
in the population outflow from the Arctic zone requires acceleration in the growth of monetary
incomes [9, Ivanova M.V., Kasparyan Zh.E.; 10, Krivoshapkina K.V., Matveeva N.N.; 12, Toropushi-
na E.E.].

The development of the Arctic zone requires solving many problems that are associated
with international conflicts and climate change [13, Labetskaya E.O., p. 83]. At the same time, the
analysis of the implementation of the Development Strategy of the Arctic Zone of the Russian
Federation 1 shows a slow solution of the accumulated problems, primarily social and environ-
mental ones [14, Krutikov A.V., Smirnova 0.0., Bocharova L.K., p. 258]. Slipenchuk M.V. [15,
Slipenchuk M.V., p. 36] notes that it is necessary to take into account environmental constraints
more strictly and to pay more attention to legal regulation. When constructing scenario conditions
for the Arctic zone development, it is necessary to consider many factors affecting the sustainabil-
ity of development [16, Zaikov K.S. et al, p. 10].

Since the 1990s, there are many significant and often promising efforts to assess sustaina-
bility and its indicators. Previously, the index of sustainable economic well-being was proposed,
which estimates several aspects: gross domestic product (GDP) adjusted for the amount of dam-
age caused to the environment, index of true savings, index of social sustainability developed by
the Foundation for Sustainable Society, ecological footprint, index of inclusive development intro-

duced by the World Economic Forum and others 2 (17, Kaivo-oja J., Panula-Ontto J., Vehmas J.,

' We are talking about the “Strategy for the development of the Arctic zone of the Russian Federation and ensuring
national security for the period up to 2020”. URL: http://docs.cntd.ru/document/499002465 (accessed 10 February
2021); in 2020, the Strategy for Developing the Russian Arctic Zone and Ensuring National Security until 2035 was
adopted. URL: https://www.garant.ru/products/ipo/prime/doc/74710556/#review (accessed 10 February 2021).

? Tarasova N.P., Kruchina E.B. Indeksy i indikatory ustoychivogo razvitiya [Indices and indicators of sustainable devel-
opment]. Ustoychivoe razvitie: priroda — obshchestvo — chelovek: Materialy mezhdunarodnoy konferentsii [Sustaina-
ble development: nature — society — people: Proc. Intern. Conf.]. Moscow, 2006, vol. 1, p. 127-144. URL:
http://cawater-info.net/ecoindicators/pdf/tarasova_kruchina.pdf (accessed 10 January 2021).
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Luukkanen J., p. 41; 18, Syrovatka M.; 19, Lyaskovskaya E.A., Grigoryeva K.A., p. 47]. Such indices
make it possible to reduce complex and ambiguous information to a small number of understand-
able indicators.

A fairly simple new approach on the basis of sustainability windows was proposed, which
makes it possible to analyze strategic decisions and forecasts [20, Luukkanen J., Kaivo-oja J.,
Vehmas J., Panula-Ontto J., Hayha L.; 21, Luukkanen J. et al, p. 820]. The construction and analysis
of sustainability windows examine all three components of sustainable development and deter-
mine the extent to which the changes occurring or planned lead to greater sustainability.

The purpose of this article is to study the possibilities of sustainable development of the
regions of the European North and to develop methods for predicting their socio-ecological and
economic development based on the assessment of the sustainability window. To achieve this
goal, data were collected and analysed for four regions of the European North, equations for the
analysis of the retrospective period were proposed, and a method for constructing stability win-

dows for the forecast period was developed.

Research methods

The research was conducted in four regions of the European North, fully or partially includ-
ed in the Arctic zone of Russia — the republics of Karelia and Komi, Murmansk and Arkhangelsk
oblasts (including the Nenets Autonomous Okrug). The retrospective period was analyzed and
possible prospects for development of the European part of the Arctic zone of Russia were stud-
ied.

The following indicators were used for the calculations: gross regional product (GRP) Y(t),
GRP per capita X(t), cumulative investment in the economy K{t), population size, number of em-
ployed L(t), level of employment Z(t), share of pensioners in population P(t), level of unemploy-
ment U(t), real money income R(t) and air pollutant emissions E(t). All the indicators were consid-
ered in dynamics for the period 1990-2019. Calculations were made with other indicators (indices
of industrial and agricultural production, number of pensioners, fresh water intake and
wastewater discharge). Labor productivity was defined as the ratio of GRP to the number of em-
ployees. Standard statistical packages were used in the calculations and the indicators were ad-
justed to a comparable level.

In the course of analyzing the dynamics of the main indicators of the regions, graphs of the
basic and derived economic indicators and their interrelations were built. On the basis of this
analysis, the type of equations, the dynamics of main parameters reflecting the peculiarities of so-
cio-ecological-economic processes in the regions were determined, and periods, when parameters
differed, were distinguished. It was clarified what factors resulted in changes of trends, and pecu-
liarities of each period were identified. The development of the economy was assessed by the

function:
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Y (t) = Bx K*(t) x L” (t) xexp(y xt) (1)
where: t — year; B, a, 8, y — constants.
To assess the impact of economic processes on the environment, pollution functions were

created [22, Druzhinin P.V., Shkiperova G.T., Potasheva O.V., p. 147]. For the calculations, the mul-

tiplicative pollution function was used:

E(t) = A®t) xY*“(t)x 1 7 (t)

where: A(t) — factor reflecting the impact of structural changes; 1, 7 — constants.

(2)

The dynamics of real money incomes of the population in the retrospective period was de-
termined depending on the dynamics of GRP per capita, the level of employment, the share of
pensioners in the population and the level of unemployment:

Rt)=C+DxZ({t)+Mx X(t)+NxP(t)+OxU(t) (3)
where: C, D, M, N, O — constants.

The main problem is to identify the periods correctly, since the parameters of equations (1)
— (3) may differ significantly at different periods due to changes in economic policy or economic
crises. It is therefore necessary to use a scenario approach in forecasting, where the parameters of
the equations are linked to future policy options. When using data for several periods for retro-
spective calculations, the use of spline functions is desirable. For forecast calculations, it will be
necessary to specify the employment dynamics and the share of pensioners, which will be deter-
mined through the forecast of the population size. The employment rate will be calculated
through the ratio of the number of employed and the total population.

Three indicators — environmental, social and economic — have been selected to assess
the windows of sustainability. Finnish researchers have used the indicators from the SSI (Society
Sustainability Index) database and the World Bank database, which describe changes at the na-
tional level [17, Kaivo-oja J., Panula-Ontto J., Vehmas J., Luukkanen J., p. 41; 20, Luukkanen J., Kai-
vo-oja J., Vehmas J., Panula-Ontto J., Hayha L.; 21, Luukkanen J. et al., P. 820]. However, not all of
these indicators are available at the regional level, in particular, GDP and greenhouse gas emis-
sions.

When choosing indicators, the author relied on the previously proposed various sets of re-
gional indicators that allow assessing sustainable development [23, Bobylev S.N., p. 17, 33, 35; 24,
Uskova T.V., p. 98; 25, Gutman S.S., Basova A.A., p. 40; 26, Fauzer V.V., Smirnov A.V., Lytkina T.S.,
Fauzer G.N., p. 127; 27, Leksin V.N., Porfiryev B.N., p. 988]. As a result, the following indicators
were selected: GRP in comparable prices, the volume of emissions of pollutants into the atmos-
phere from stationary and mobile sources, real money incomes of the population in comparable
prices. Composite indicators can also be constructed to assess environmental and social develop-

ment.
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The boundaries of economic growth are set for the future. The maximum is determined in
relation to the ecological indicator, GRP growth should not lead to growth of emissions into the
atmosphere, and the minimum — in relation to the social indicator, GRP growth should not lead to
decrease of incomes. It means that the maximum GRP growth will be at zero growth in emissions,
and the minimum — at zero income growth, and the difference between them sets the width of
the stability window. When economic growth is within the sustainability window, the environmen-
tal indicator goes down and the social indicator goes up. The sustainability window disappears if
the social indicator grows slower than the ecological one or falls faster than it. Accordingly, the
boundaries of the stability window were determined based on the equations [20, Luukkanen J.,
Kaivo-oja J., Vehmas J., Panula-Ontto J., Hayha L., p. 14494]:

G, =-—r G, =L

min §R max 5E (4)

where: G, — the lower boundary of the stability window; G,,,x — the upper border of the stabil-

ity window; dy — the GRP growth rate for the period under study (ratio of GRP of the last year to

GRP of the base year); & — the growth rate of emissions for the period under study; &% — the
growth rate of income for the period under study.

It should be noted that the methodology allows using any values as a target benchmark of
environmental and social indicators. In this study, the choice of a target for the upper boundary of
sustainability is explained primarily by the tasks set in the Development Strategy of the Arctic Zone
of the Russian Federation and Ensuring National Security for the Period up to 2035 3. 12 a) “the
introduction of a special economic regime in the Arctic zone, contributing to the transition to a
closed-cycle economy ... “, as well as 15 e) “minimization of atmospheric emissions, discharges of
pollutants into water bodies during economic and other activities in the Arctic zone, as well as the
establishment of state support measures aimed at introducing the best available technologies in
the implementation of economic and other activities in the Arctic zone”. Unfortunately, the nu-
merical values of the target environmental and social indicators are absent in the strategic docu-
ments for the development of the Arctic zone of the Russian Federation.

For the retrospective period, the dynamics of regional development was checked and peri-
ods of sustainable development were identified [28, Shkiperova G.T., Druzhinin P.V., Kurilo A.E., p.
650, 651]. Since the real economic growth of almost all the regions under study in the retrospec-
tive period is significantly lower than the ecological limit of sustainability, then the use of zero
growth in atmospheric emissions as a target provides an opportunity for a gradual transition to a
circular economy. Equations (2) and (3) were transformed with respect to environmental and so-

cial indicators for the forecast period.

® Ukaz Prezidenta RF ot 26 oktyabrya 2020 g. Ne 645 "O Strategii razvitiya Arkticheskoy zony Rossiyskoy Federatsii i
obespecheniya natsional'noy bezopasnosti na period do 2035 goda" [Decree of the President of the Russian Federa-
tion of October 26, 2020 No. 645 "Strategy for Developing the Russian Arctic Zone and Ensuring National Security until
2035"]. URL: https://www.garant.ru/products/ipo/prime/doc/74710556/#review (accessed 10 February 2021).
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If the ecological indicator is stable, we obtain the ratio of GRP to investments in air protec-
tion from equation (2). Having estimated reasonable upper bounds for the dynamics of environ-
mental investments, we obtain an upper bound for GRP growth. Population dynamics and, conse-
guently, employment may not change very much, while the scope for changing the dynamics and
structure of investments is quite large. As a result, equation (1) gives the maximum investment
dynamics in the economy with different changes in the number of employed people. The same is
true for equation (3). If the social indicator is stable, we obtain relationship between GRP per capi-
ta and unemployment rate with two slightly changing indicators (employment rate and share of
pensioners). In this case, a lower bound on GRP growth and a lower bound on investment dynam-
ics through equation (1).

As a result, the forecast sustainability window for GRP is calculated basing on the forecast
of the region's population and related rather slowly changing indicators — the number of em-
ployed, the employment rate, the unemployment rate and the share of pensioners, as well as en-
vironmental investments. Equation (1) also allows us to calculate the sustainability window for in-

vestment in the economy.

Data and analysis
The data for the research were obtained from the Federal Service for State Statistics (FSSS)
website and the websites of regional offices * as well as from statistical reference books °.
The development of the Arctic regions, like the Russian Federation as a whole, is character-
ized by three significantly different periods — up to 1998, 1999-2008 and since 2009. In order to

construct the functions, the data of the second and third periods were used (Fig. 1).

* Federal State Statistics Service. URL: https://www.gks.ru/ (accessed 11 January 2021); Kareliastat. URL:
http://krl.gks.ru (accessed 21 December 2020); Murmanskstat. URL: http://murmanskstat.gks.ru (accessed 21 Decem-
ber 2020); Komistat. URL: http://komi.gks.ru (21 December 2020); Arkhangelskstat. URL: http://arhangelskstat.gks.ru
(21 December 2020).

> Regiony Rossii. Sotsial'no-ekonomicheskie pokazateli 2019 [Regions of Russia. Socio-economic indicators 2019] //
Federal State Statistics Service. URL: https://gks.ru/bgd/regl/b19_14p/Main.htm (accessed 11 January 2021).
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Fig. 1. Dynamics of labor productivity in the regions of the European part of the Arctic zone (1990 — 100%).
It is worth noting that labor productivity grew in all regions in the second period, and after
2009 its growth stopped in the Komi Republic. Labour productivity was also growing in all regions
in the second period, but after the crisis of 2008—2009 labour productivity increased only in Mur-
mansk Oblast. The dependence of labor productivity on the capital-to-labor ratio is similar in all
regions under consideration, and it can be expected that the parameters of their functions (1) will

not differ significantly (Fig. 2).
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Fig. 2. Dependence of labor productivity on capital-labour ratio (thousand rubles) in the regions of the European part
of the Arctic zone since 1998 (prices of 2015).

The growth of labor productivity in industry has slowed down. In the European part of the

Arctic zone, it grew by an average of about 3.7% per year from 1996 to 2008, and in 2009-2019 —
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by about 2.3% per year. Elasticity of funds, which reflects efficiency of investment policy, was low
throughout the macro-region as a whole and in the majority of regions in the 2000s, but started to
grow after the 2008-2009 crisis. Only in the Komi Republic elasticity was stable and approximately
equal to the macro-region average in the 2000s, but decreased to zero in the 2010s.

Since there was little change in economic efficiency in the 2000s and a growth after the
2008-2009 crisis, the spline-function was used and technical progress in the third period was in-
troduced into the Cobb-Douglas function.

The economic development of the regions in the European part of the Arctic zone was
slower than in the whole of the Russian Federation, the volume of investments ranged from 50%

to 60% against the level of 1990, which is noticeably lower than in the Russian Federation (Fig. 3).
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Fig. 3. Investment dynamics by regions of the European part of the Arctic zone (% to 1990) .

The dynamics of employment also differ radically in the three identified periods (Fig. 4). In
the third period, employment started to decline rapidly, as the population continued to decline,
largely due to the migration of young people to more southern regions [29, Galimullin E.Z., p. 99].
The population of the Murmansk Oblast and the Komi Republic has decreased by more than a
third over 30 years, the population of the Arkhangelsk Oblast and the Republic of Karelia — by
about a quarter. Additional comprehensive state support is required to reduce the migration out-

flow [30, Emelyanova E.E., p. 90].

® Calculated by: Regiony Rossii. Sotsial'no-ekonomicheskie pokazateli 2019 [Regions of Russia. Socio-economic indica-

tors 2019]. Federal State Statistics Service. URL: https://gks.ru/bgd/regl/b19_14p/Main.htm (accessed 11 January
2021).
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Fig. 4. Number of employed dynamics by regions of the European part of the Arctic zone (% to 1990) ’.

Decline in industrial production in the 1990s led to an improvement of the ecological situa-
tion. Economic growth in the second period led to a deterioration of the environmental situation
in some regions, and in the third period, pollutant emissions into the atmosphere increased only in
Karelia, accompanied by a sharp decline in environmental investment. The improvement in the
environmental situation in the growing regions was largely due to structural changes in the econ-

omy, as well as economic modernization and environmental investments (Fig. 5).
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Fig. 5. Dynamics of emissions from stationary sources by regions of the European part of the Arctic zone (% to 1990) °.

7 Calculated by: Regiony Rossii. Sotsial'no-ekonomicheskie pokazateli 2019 [Regions of Russia. Socio-economic indica-
tors 2019]. Federal State Statistics Service. URL: https://gks.ru/bgd/regl/b19_14p/Main.htm (accessed 11 January
2021).

¢ Calculated by: Okhrana okruzhayushchey sredy Rossii [Environmental protection of Russia]l. URL:
https://rosstat.gov.ru/folder/210/document/13209 (accessed 16 December 2020).
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The dynamics of real incomes in the four regions are approximately the same. Relatively
fast growth until 2008, decline during the crisis, then a short growth and then decline again to the
level of about 2007-2008. (Fig. 6).
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Fig. 6. Dynamics of real income of the population by regions of the European part of the Arctic zone
(thousand rubles per month) °,

The analysis of the development of the regions in the European part of the Arctic zone
showed the existence of available sustainability windows for them [28, Shkiperova G.T., Druzhinin
P.V., Kurilo A.E., p. 653]. Only in some years the socio-ecological-economic development of the
regions went beyond their limits. For example, the real growth of GRP went beyond the stability
window in the republics of Karelia and Komi in 2017 (in Karelia, it exceeded the permissible limit,
and in the Komi Republic it was below the permissible limit). When comparing the results of calcu-
lations for different environmental indicators, it was noted that the problems of water use are be-

ing solved more successfully than the problems of air pollution.

Calculation results and discussion

As a result of the calculations, the parameters of the functions allowing to forecast the dy-
namics of GRP were determined. The parameter reflecting technical progress was introduced only
for recent years (Karelia and Komi — 2014-2018, Arkhangelsk Oblast — 2008—-2018, Murmansk
Oblast and macroregion — 2009-2018). Development of the Northern Regions after the 2008—
2009 crisis has slowed down, one could talk about the stagnation of economy, but, as calculations
show, the efficiency of the northern regions’ economy is growing. Investments in their economies
are not increasing, the number of employees is decreasing, and labor productivity is growing

steadily in three regions, only in Komi its growth is absent. A slight economic contraction is ac-

? Regiony Rossii. Sotsial'no-ekonomicheskie pokazateli 2019 [Regions of Russia. Socio-economic indicators 2019]. Fed-
eral State Statistics Service. URL: https://gks.ru/bgd/regl/b19_14p/Main.htm (accessed 11 January 2021).
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companied by an increase in its efficiency. The growth of five-year investments in the economy of
four regions by 1% increases the GRP by 0.26%, the growth of employment by 1% increases the
GRP by 0.74%, the influence of technological progress over the past 10 years — 1.4% per year. Ta-

ble 1 shows the results of calculations for the Republic of Karelia.

Table 1
The results of calculating the parameters of function (1) for 2000-2018
InB a 8 % R’ F p
GRP of Karelia 0,14%** 0.27*** | 0.666*** 0.0221* 0.92 20.1 0.0000

**%* p<0.01, * p<0.1

The calculations carried out for the regions showed that it is necessary to construct spline
functions or pollution functions for separate periods, since in the third period the interconnection
of indicators differs markedly from earlier dependencies. In Karelia, economic growth was insignif-
icant in the third period, and no improvement in the environmental situation was observed. The
impact of environmental investments was small, due to investments in the protection of atmos-
pheric air, emissions decreased by 0.04% with an increase in cumulative investments over four
years by 1% with a lag of three years (Table 2). Therefore, a significant increase in environmental

investments will be required in order to extend the sustainability window.

Table 2
The results of calculating the parameters of the pollution function (2) for 2007-2018
InA u Ui 4 F p
Air emissions 0.37 0.78* -0.04* 0.41 3.1 0.094

* p<0.1
Separate calculations were carried out for the period from 2000, and additional data were

used for other indicators, in particular, various areas of investment. The results of these calcula-
tions were used to construct various scenario conditions. Calculations were also made for envi-
ronmental pollution by individual substances by region.

The parameters of function (3) were determined according to data for 2000-2018, the
spline function was used, some of the parameters relate to the period before the crisis of 2008—
2009, and some of them — after the crisis (Table 3). Real income growth after the 2008—2009 cri-

sis did not recover, but forecasts suggest its resumption.

Table 3
The results of calculating the parameters of function (3) for 2000-2018
A B c D K R F p
Real money incomes of the 12.5%**1 0.114* | 0.095*** | -0.985*** | -1.192*** 10.99|122| 0.000
population of Karelia

**%p<0.01, * p<0.1

Scenario conditions were based on indicators that change, but not too much: population
size, number of people employed in the economy, employment rate, share of pensioners, unem-
ployment rate, and environmental investments. The article considered scenario conditions corre-
sponding to a stable situation in the economy, without taking into account possible economic cri-

ses. For each variant of the scenario conditions, it is possible to determine the boundaries of the
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GRP change and investment in the economy within the stability windows. Table 4 shows the fore-
cast of changes in the population size for one of the variants of scenario conditions (in this case,
extrapolation was used; for other scenarios, it is necessary to use the method of age shifting with
a separate estimate of the level of migration).

Table 4

Population dynamics by regions, inertial scenario, thousand people, at the end of the year

2020 2025 2030
Karelia 610.9 585.3 561.7
Komi 813.3 765.3 719.5
Arkhangelsk 11294 1090.9 1058.2
Murmansk 7334 713.5 693.6
Four Arctic regions 3287 3155 3043

The population of the Arctic zone regions in this scenario will decrease by about 7% over 10
years. Possible changes in demographic and migration policies can improve the demographic situ-
ation in the North, so far the measures taken are ineffective. At the same time, in all northern
countries, the population in Arctic cities is growing [7, Fauser V.V., Smirnov A.V.,, p. 15]. On the ba-
sis of this forecast the scenario conditions for the number of employed in the economy, the em-
ployment rate, the share of pensioners and the unemployment rate were built. The forecast of the
dynamics of environmental investments was based on their reaching a level close to the maximum
values in the 2000s, since in recent years there were practically no investments in air protection in
Karelia and emissions of pollutants began to grow, exceeding the level of 2008.

Table 5 shows the results of calculations for Karelia for 2020-2030. It was assumed that
there will be no radical changes in economic, environmental and social policies, which means that
the obtained values of equations (1) — (3) can be used for forecasting until 2030. The Karelian
economy is developing very slowly and it may return to the pre-crisis level of 2007 only by 2030. In
this scenario, the level of employment decreases in accordance with the trends that have devel-
oped in recent years. The number of pensioners is stable until the transition to the new retirement
age is completed, and then there is a return to the trend of growth in the number of pensioners.
The unemployment rate declines slightly after the end of the pandemic and is then stable.

Table 5
Sustainability window for GRP of the Republic of Karelia, inertial scenario with an increase in environmental
investments, 2020 — 100%

2020 2025 2030
Upper limit 100 108.2 110.4
Lower limit 100 98.3 101.8

Low growth rates lead to the lag of the country not only from developed, but also from de-
veloping countries and will require changes in economic policy; therefore, forecasting for a longer
period requires other parameters of the model equations. The resulting stability window is shown
in Fig. 7, it presents one of the possible options for the GRP growth rate — 100.9%, higher growth

rates require a more responsible environmental policy.
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Fig. 7. Sustainability window of the Karelian economy for 2020-2030.

It is possible to change the scenario conditions by formulating the requirements for in-
creasing the real incomes of the population and improving the environmental situation, then the
sustainability window will be narrowed. By setting options for the growth of real incomes, changes
in the level of employment (based on the deviation from the inertial option), the level of unem-
ployment and the number of pensioners (based on changes in current trends), we obtain more
stringent restrictions on the dynamics of GRP per capita in comparable prices. It resulted in limit-
ing the minimum growth of the economy, providing a given level of well-being of the region's
population. Besides, ensuring the growth of real incomes of the population with an increase in the
number of pensioners receiving low incomes requires a noticeable acceleration in the growth of
GRP, and the stability window is narrowing.

The calculations have shown that when equations become more complex, if technical pro-
gress related to structural shifts and economic modernization is taken into account in the pollution
function, then formation of scenario conditions becomes more complex and the variability of the
sustainability window increases. In order to study the impact of economic modernisation on the
ecological situation, it is also possible to introduce the dynamics of investment in machinery and
equipment into the equations, as information on investment in modernisation across regions is

not available. As a result, it would be possible to construct a more accurate upper bound.

Conclusion
The methodology of sustainability windows calculation for regional economy presented in
the article enables to investigate the consequences of decisions made, estimate possible variants

of economic growth which do not violate the sustainability principle and allow increasing the pop-
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ulation well-being and not worsening ecological situation. The article discusses the possibility of
using the methodology on the data of the Republic of Karelia, and only on the example of emis-
sions of pollutants into the atmosphere and the actual disposable income of the population. But it
is also possible to use other indicators, and then the windows will superimpose on each other, and
the total window will be reduced, it will be determined by the minimum of the maximum values
and the maximum of the minimum. It is also possible to build two composite indicators and form
the window on their basis, which will require increasing the number of factors on the basis of
which the scenario conditions are formed.

Scenario conditions were set on the basis of calculations for the production function, pollu-
tion function and the equation for assessing the dynamics of the population's real disposable in-
come. The model equations can be made more complex by taking into account more factors, in
particular investment in economic modernisation and structural shifts.

Overall, the approach allows for an assessment of socio-environmental economic policy in
recent decades and makes it possible, by setting different scenario conditions, to analyse the con-

formity of different economic policy options with the conditions of sustainable development.
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