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Growing sanctions External restrictions and subsequent logistical disruptions in import supplies pose risks to
the sustainable development of the national and regional economic systems of the Russian Federation. In this
regard, the development of adapted models for studying the prospects for economic development in the
context of the new emerging macroeconomic agenda is becoming an extremely important task. This article is
devoted to solving this problem, where an attempt is made to expand the existing range of methodological
approaches to studying the impact of critical imports on regional development within the framework of the
use of tools based on panel data analysis.
The aim of the work is to develop methodological approaches to identifying critically important product
nomenclatures imported from abroad and to develop models that determine their impact on the prospects for
industrial development of regions.
The hypothesis adopted is the assumption of a significant level of impact of critical imports of regions on the
sustainability of  their development in the context of  sanctions pressure.
Based on the results of the study, the main components that determine the substantive environment and
conceptual basis for identifying critical imports of a region are identified; A methodological toolkit was
developed for analyzing the relationship between critical product lines and the economic growth of regional
economic systems under external constraints. It was shown that a 1 million ruble reduction in gross critical
imports leads to a 750,000 ruble slowdown in industrial production in the studied regional group.

implementation of import substitution policies at the
national and regional levels is acquiring particular
significance for both theory and practice. Given the

In the context of rapidly accelerating systemic
transformations in the global economy, manifested in
the accelerating transition from globalization to the
fragmentation of global economic relations, the
strengthening of autonomy policies for national
economic systems, the intensification of sanctions
wars, external uncertainty, and so on, the
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urgency of this issue in the current realities of the
emerging new global order, its study requires a
comprehensive, adapted approach that includes not
only the identification of critical imports but also an
assessment of their impact on the sustainability of
economic systems' development dynamics, taking
into account external perturbations. Addressing this



issue requires systematizing accumulated theories
and developing improved methodological approaches
to studying import substitution policies through the
lens of the rapidly unfolding new geoeconomic
agenda. It is important to emphasize that this
formulation of the problem requires focusing
attention not only on the national economic level but
also on the regional one. This is due to the fact that
meso-level economic systems , despite their
integration into a unified national foreign economic
policy, exhibit highly differentiated levels of
adaptation to the transformation of international
supply chains in the context of systemic changes.
Therefore, a rethinking of the concept of adaptive
import substitution policy in the context of the new
order of global economic relations must take into
account the regional component. This approach
necessitates the development of relevant models of
economic development at the regional level, taking
into account a comprehensive assessment of the
degree of integration of regions into export-import
operations.

2 THEORIES

Regional import substitution economics is a complex
economic category. Its complexity manifests itself
primarily in the interpretation of both the category
itself and the rationale for identifying critical imports,
taking into account current institutional and economic
challenges and constraints that determine its
implementation forms (forced import substitution /
import substitution as a mechanism for ensuring
global competitiveness/ import substitution as a
mechanism for stimulating the development of local
production and increasing the effectiveness of
structural economic development).

import substitution policy research is also
understanding the directions of a region's strategic
adaptation to the transformation of international
supply chains. This aspect is determined by the
severity of import supply restrictions for individual
product categories imported into the region from
abroad. Identifying and defining the parameters of
critical imports at the regional level is a key tool for
developing a comprehensive national import
substitution agenda . One of the most significant
issues in this context is defining "critical dependence"
on imports (Chernova & Klimuk, 2017) and
determining the macroeconomic risks generated by
their localization within the context of unfolding
restrictions in the external environment.
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The aforementioned aspects, which are
particularly relevant today for the Russian economy
and other jurisdictions facing sanctions pressure, have
generated a vast body of research devoted to
developing models of import dependence and its
impact on macroeconomic trends in the context of
systemic transformations. However, all of these
studies primarily focus their research on national
economic systems. Regions and their economic
development models remain unfairly marginalized in
scientific research. Meanwhile, it is the regional level
of import substitution research that forms the basis for
developing a unified macroeconomic policy for
tailored development programs at the macro level.
Given this position, subsequent research will focus on
reviewing, systematizing, and critically analyzing
established theoretical and practical models and
methods for assessing the import dependence of
regional economic systems and the prospects for
determining the dynamics of their economic
development.

Regional aspects affecting the study of import
substitution issues from the standpoint of substantive
analysis of definitions are considered in the works of
Russian researchers. These include the works of
Moiseev V.V. (Moiseev, 2022), Kuklin A.A. (Kuklin
, 2014), Makarov A.N. (Makarov, 2011), Kuznetsova
0.V. (Kuznetsova, 2022), Animitsa P.E. ( Animitsa ,
2015), Bukhvald E.M., Ivanov O.B. ( Bukhvald ,
Ivanov, 2017), Ershov P.A., Vyzhitovich A.M.
(Ershov & Vyzhitovich , 2016), and others.

Regional features of the study of import
dependence of regional economic systems and the
development of adaptation mechanisms to
perturbations in foreign markets can be found in the
works of Averin A.V., Baranova A.F., Kutyrev A.M.
(Averin et al., 2023), Kuvalin D.B. ( Kuvalin , 2022),
Shavtikova L.M., Geriyev M.M., Seitov A.B. (
Shavtikova et al., 2022), Peshkova G. Yu., Samarina
A. Yu. (Peshkova & Samarina, 2022), and others.

Among the foreign works devoted to the study of
issues related to the development of mechanisms for
the implementation of a regional import substitution
economy , including in the context of external
restrictions, it is necessary to highlight the works of
K. Ulrich ( Ullrich , 2017), K. Dong ( Dong et al .,
2019), G. Alessandria ( Alessandria , G. , Choi, H. ,
Ruhl , K. J. , 2021), Aspromourgos T. (
Aspromourgos , 1988), etc.

Despite the established scientific foundation for
studying the economics of import substitution at the
meso-level , the research block devoted to assessing
and analyzing the impact of emerging import
dependence parameters on economic growth



prospects remains the least developed. This makes it
quite unique, especially if the research context
focuses on regional economic systems. However,
despite the limited number of scientific publications
in this area of research, some works in this area are
still available. These include, for example, the study
by E.L. Andreeva and A.V. Ratner (Andreeva &
Ratner , 2022). In this study, the authors, using
statistical data analysis methods, analyze the import
dependence of the Russian economy based on a
number of indicators assessing the share of imports in
the total consumption and production of similar
products in the country. Implementation of this
approach allowed the authors to formulate a set of
heuristic assumptions about the prospects for
economic growth in the face of possible changes in
the structure of product supplies from abroad, broken
down by critical imports.

A similar approach to assessing import
dependence and its impact on the stability of
macroeconomic processes is presented in the works
of Feng , L., Li, Z., & Swenson, D. ( Feng et al .,
2012), Hufbauer G ., Schott J ., Elliott K ., Oegg B . (
Hufbauer et al ., 2007), Adewale A. R. ( Adewale ,
2017), Bali M ., Rapelanoro N. ( Bali & Rapelanoro ,
2021), Connolly R ., Hanson Ph . ( Connolly &
Hanson , 2016), etc.

A radically different mechanism for assessing the
impact of an economy's import dependence on its
economic growth prospects is presented in the work
of A.V. Belousova (Belousova, 2020). In her study,
the researcher, relying on balance sheet data
accounting methods and national accounting
methodology, develops a financial flow matrix
capturing the impact of imports on changes in
financial flows in the Far Eastern Federal District of
the Russian Federation. Using calculated multipliers,
she demonstrates that activating import substitution
policies significantly stimulates positive
macroeconomic effects for the district.

The study by N.V. Krivenko and D.S.
Epaneshnikova (Krivenko & Epaneshnikova, 2020)
is noteworthy in the context of the issues under
consideration. It proposes a unique tool for assessing
the effectiveness of import substitution and its impact
on the sustainability of economic dynamics based on
the calculation of the dynamic import substitution
coefficient . It is defined as the product of partial
indicators that, according to the authors, characterize
the effectiveness of import substitution policy
implementation at the macro, meso, and micro levels.
These include: investment activity aimed at
producing import-substituting products; economic
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productivity; and changes in the ratio of exports and
imports of goods.

A separate study by M.R. Safiullin, R.T.
Burganov , L.A. Elshina , and A.M. Mingulov
(Safiullin et al., 2023) deserves special mention. In it,
the authors attempt to identify critical imports
supplied to the region by the TN VED, followed by
the construction of econometric models assessing the
impact of critical products on the region's economic
growth.

Overall, despite the existing research in the area
of import substitution economics at the regional level,
there is a certain fragmentation in the development of
methodological tools for assessing the impact of
critical imports on the sustainability of regional
economic growth. This issue is particularly relevant
when examining the structural characteristics of
import flows, their countries of origin, their
contribution to the creation of added value for the
final product in the region, and the subsequent
determination of the impact of these parameters on
economic growth prospects, taking into account
ongoing  systemic transformations in  the
geoeconomic agenda. Meanwhile, amid turbulence in
foreign markets and the dynamic transformation of
international supply chains, these components of the
analysis of regional economic systems' import
dependence currently play a decisive role. This
conclusion necessitates further expansion of the
methodological framework for studying the import
dependence of regional economic systems and the
subsequent development of models for their
economic development prospects in the context of
ongoing systemic transformations in the external
environment.

The presented arguments and supporting
conclusions predetermined the purpose of this study -
the development of a methodological tool for a multi-
component assessment of the region's critical imports
and the development, on this basis, of a
macroeconomic model that assesses the impact of
import dependence on the sustainability of economic
dynamics.

The stated goal determined the objectives of the
study:

1. Identify the main components that determine
the substantive environment and conceptual basis for
interpreting the concept of “critical import of a
region”.

2. Justify the position on the need to take into
account a multi-component authentication system
when determining the critical import of a country.

3. Develop a methodological tool for analyzing

the relationship between critical imports and



economic growth of regional economic systems
based on panel data.

4. Based on panel data analysis, determine the
patterns of influence of critical imports on the
sustainability of economic dynamics of the regions of
the Volga Federal District of the Russian Federation.

3 DATA AND METHODS

The research's methodological framework is based on
studying the patterns that determine the impact of the
transformation of international supply chains within
regional economic systems' commodity
nomenclatures on the sustainability of their
development. In this regard, a key research step is
identifying  critical import positions across
commodity nomenclatures of foreign economic
activity (CN FEA), which form the basis and
prospects for regional development and its key

macroeconomic parameters, using probabilistic
modeling of international supply chain (ISC)
transformations.

The fundamental stage of research and

authentication of a region's critical imports is the
identification and selection of a sample of TN VEDs
whose share exceeds 0.05% of the gross import
volume into the regional economic system. This
threshold is based on the need to exclude statistically
insignificant TN VEDs whose contribution to the
added value of the region's final product is not
critical. Furthermore, eliminating this set of product
categories imported from abroad creates a more
robust and statistically significant empirical base for
subsequent analysis in the context of constructing
multivariate models.

Additionally, the criticality level of product
categories imported into the region should be
determined based on an assessment of the ratio of
generated MVP to the production volume of similar
products across the studied product categories in the
region. This approach allows for the identification of
the degree of vulnerability of regions to foreign
product supplies across product groups used in the
value-added chain, including at the level of individual
economic sectors within the region. This approach
can be implemented by calculating a coefficient that
evaluates the ratio of imported TN VED to the
production of similar finished goods by regional

residents (1):
THB3/

orna (1)

IuytH =
Where:
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IuyTH - index of the region's vulnerability to
imports of goods from abroad

TN VED - types of commodity nomenclature of
foreign economic activity imported into the regions
of the Volga Federal District within the framework of
established foreign economic supply chains (unit of
measurement in monetary or natural units);

OKPD — products of own production, classified in
accordance with OKPD, manufactured in the regions
of the Volga Federal District.

The relationship between the TN VED and OKPD
is carried out on the basis of the transition keys
developed by the Ministry of Economic Development
of Russia between the main types of commodity
nomenclature of foreign economic activity of the
Eurasian Economic Union (TN VED) and the all-
Russian classifier of products by type of economic
activity (OKPD).

A key element in determining whether a TN VED
(Commodity Classification of Foreign Economic
Activity) classifies a product as a critical import is its
relationship to friendly and unfriendly jurisdictions
involved in supplying it to the region. Therefore,
filtering critically significant TN VEDs, determined
in the previous step, by the country of origin of the
imported products becomes a fundamental task. Thus,
if the identified product items included in the critical
import group in the first two iteration steps are
supplied from friendly jurisdictions, it seems
appropriate to exclude them from this cluster. This is
because these TN VEDs do not fall within the high-
risk zone of supply restrictions. Conversely, if
product items supplied from abroad have a high
impact on added value creation and are imported from
unfriendly countries, their inclusion in the critical
import group is strictly necessary.

A graphical interpretation of the three-level
authentication of the critical import of the regional
economic system is presented in Figure 1.

Filter 1. Identification and formation of a sample of FEACN (Foreign Economic Activity
Commodity Nomenclature codes) whose share exceeds 0.05% of the gross import volume

Filter 2. The share of FEACN identified in step 1 exceeds 30% of the total production volume
of similar products in the region (limpt = 30%). The level of critical import dependence of
FEACN (30%) is determined based on statistical grouping (using the Sturgess method) of
import commodity nomenclatures supplied from abroad.

l Yes

Filter 3. Import of FEACN with a high level of
participation in creating added value of the regional

IE

Non-grifical import

final product — supplied from unfriendly countries

Critical import Non-gritical
import
Source: developed by the authors.

Figure 1: Three-level authentication (filtering) of the
process of identifying critical regional imports.



Implementation of the proposed methodological
solutions provides a basis for identifying critical
imports generated within international supply chains
in regional economic systems. Furthermore, the
proposed methodological tools provide the potential
for constructing economic and mathematical models
that determine the prospects and potential for regional
economic growth under scenario modeling of import
flows within the established configuration of the
international supply chain. This study addresses this
issue by analyzing the relationship between critical
imports and economic growth using panel data .

3.1. Model ( Methods or Model )

A graphical interpretation of the proposed
methodological tools is presented in Figure 2.

Collection, systematization, and statistical processing of data on the main types of commodity
nomenclature supplied through international supply chains to regions

Identification and selection of the most critical FEACN, whose share exceeds 0.05% of
international supply chains in a regional group/region in the total volume of cross-border
deliveries within the federal district

Synchronization of the critical di 1 d within international supply
chains with the Russian national classification of ploducts by economic activity (OKPD),

based on the use of transition "keys" developed by the Ministry of Economic Development of

Assessment of the ratio of critical imports formed within the framework of international
supply chains to the volume of local production of similar products in the regions (evaluation
of the region’s vulnerability to the transformation of international supply chains)

involvement in creating added value for the regional final pmduct mkmg into account its
filtering by the eriterion of supply from friendly/unfriendly countries

Grouping TNVED codes by level and degree of impact of the international supply chains
transformation potential on the 1} of the ic indicators of the regions

(determined using the Sturges method)

the

|l1ty of the d ics of the regions

Development of mechanisms for the strategic adaptation of regional economies to the
reconfiguration of international supply chains under external constraints

Source: developed by the authors.
Figure 2: Interpretation of the methodological
approach to assessing the transformation of
international supply chains and their impact on the
sustainability =~ of  regional macroeconomic
development.

To answer the question "Is there a relationship
between the volumes of critical imports and
production volumes?"—that is, does a change in the
volume of one imported commodity lead to a change
in overall production volume?—this study constructs
panel data models. Panel data were proposed at the
end of the last century and represent a set of
observations on a set of objects over a given time
period. Unlike time series, panel data allow for the
accounting of immeasurable individual differences
between objects. The panel data structure includes an
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object, variables, and a time period. In this study, the
objects of study are critical commodity items supplied
to regional economic systems from abroad ( TN
VEDcrit ). Data on production volumes are chosen as
the dependent variable, and import volumes as the
independent variable.

The study's statistical base includes data for the
period from 2015 to 2021 and reveals the
characteristics of import flows through international
supply chains to the regions of the Volga Federal
District. The upper limit of the time series was
determined based on the need to assess the impact of
imports on the stability and prospects of economic
development in the regions at the time of the
escalation of the sanctions standoff in 2022. This
approach allows us to identify foreign trade chains
that formed during a period of relative stability and
subsequently assess the characteristics of their
transformation in the context of the impact of these
processes on the economic dynamics of the studied
regions. Reports from the Federal Customs Service of
the Russian Federation served as the key data source.

In order to implement the panel data model, an
algorithm is proposed consisting of 5 key steps,
presented in the form of a flowchart in Figure 3.

[ Assessment of Spatial Effects of Critical FEACN on Macroeconomic Dynamics ]

k2

1. Identification of Critical FEACN ]

C Ranking of FEA (Foreign Economic Activity) codes by the magnitude of specific weight \:
i of commodity items in the value volume of imports |

C 2. Preliminary Data Analysis ]
(TTTTTTTTT T TS ST T T T T \ [ i i S PR TICR |
| Data balance verification ' ; Tmplementation of descriptive statistics 1
________________________ ‘\_________zlec_eﬂw_es__________'
G 3. Panel Data Construction ]
fmmmmmmm-m——————o N ettt b bbb il
\ Pooled OLS model : 1 Random Effects (RE) model I ' Fixed Effects (FE) model |
[ 4. Testing and Comparison of Model Specifications ]
[ 5. Interpretation of Results ]
Source: developed by the authors.

Figure 3: Algorithm of the methodological approach to
assessing spatial effects.

From an economic point of view, the proposed
methodological approach allows:

- to propose and test a methodology for
identifying industries that are critical for the regional
economy in terms of the volume of imported goods;

- to prove the existence of random individual
differences between the volumes of critical imports
and the production of similar products in regional
economic systems.



From a mathematical standpoint, the practical
implementation of the proposed toolkit provides the
opportunity to:

- develop and test spatial effects models (pool
model, random effects model and fixed variable
model) to assess the impact of critical import volumes
on the macroeconomic dynamics of regional
economic systems;

- prove or disprove that the relationship between
production volumes and the amount of imported
products that are critical for the regional economy is
due to the presence of individual differences between
the TN VED studied, but these differences are
random.

The construction of panel data was implemented
within the framework of the application of the
following instrumental methods:

- pool model specifications;

- models with fixed effects and random effects;

- random effects models.

Their comparative characteristics are presented in
Figure 4.

Assessment of the Effects of Critical Import on Production Volumes

—

_—

_— —

[ Fixed Effects Model (FE) ]

[ Pooled Model (OLS) [ Random Effects Model }

Yie =Xieb+a+eg Ye=n+Xeb+a+e, Yie = Kb +ag+ e

HO: Critical import does not affect
roduction volumes

HO: Critical import does not affect
mes HI: It does affect, excluding unchangeable
vidual charac

HO: Critical import does not affect
produ

production volumes
HI: It does affect

different types of commodity products

Limitations: D
individual differs
estimate paramet
regressors

Limitations: Requires strict
fulfillment of the assumption about
non-correlation of random effects

Limitations: Does not account for
individual and random effects

Source: developed by the authors.
Figure 4: Comparison of OLS, RE, and FE models.

At the final stage of the calculation part, the
implemented models are compared using the
Hausman and Breusch test. Pagana .

test allows one to test the choice between a
random-effects model and a fixed-effects model. Two
hypotheses are put forward:

HO : The differences between the FE and RE
models are insignificant, the RE model is preferred .

H1 : The differences are significant, the FE model
is selected.

The Breusch-Pagan test allows one to choose
between the pooled model and the random effects
model.

The selection of the final model is carried out
based on the results of testing the Hausman and
Broesch criteria Pagana .
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4 RESULTS

The study focuses on the regions of the Volga Federal
District of the Russian Federation. The assessment is
based on the main types of goods supplied to the
Volga Federal District regions via international
supply chain generation channels established in the
pre-sanction period of 2022. This timeframe was
determined based on the patchiness of published
official statistics by region for the studied area after
2022, as well as the need to assess the established
organization of export-import flows in Russia at the
time of the intensification of sanctions pressure in
2022 .

Guided by the developed methodological
approach to identifying critical imports, its structure
and content were determined within the framework of
the regional group under consideration (Table 1).

Table 1: Critical TN VED of the Volga Federal District,

2021

No. | TN VED

1 Internal combustion piston engines with
compression ignition (diesel or semi-diesel )

2 Bulldozers with a fixed or angle blade, graders,
planers, scrapers, mechanical shovels,
excavators, single-bucket loaders, rammers and
road rollers, self-propelled

3 Internal combustion engines with spark ignition,
with rotating or reciprocating piston motion

4 Machines and devices for lifting, moving,

loading or unloading (for example, elevators,
escalators, conveyors, cable cars) other

5 Flasks for metal foundries; foundry pallets;
foundry patterns; moulds for casting metals
(except ingot moulds), metal carbides, glass,
mineral materials, rubber or plastics

6 Fork lift trucks; other trucks fitted with lifting or
handling equipment

7 Metal-cutting lathes (including multi-purpose

lathes)

8 Machining centers, single-position and multi-
position aggregate machines for metal
processing

9 Machines and other mechanisms for moving,

leveling, profiling, developing, ramming ,
compacting, excavating or boring soil, minerals
or ores; equipment for driving and extracting
piles; snow plows and rotary snow blowers
Hoists and hoists, except skip hoists; winches
and capstans; jacks

Machine tools (including machines for
assembling by nails, staples, glue or other
means) for working wood, cork, bone, hard
rubber, hard plastics or similar hard materials
Machines for roughing and grinding, sharpening,
grinding, honing, lapping, polishing and for

10

11

12




performing other operations of finishing metals Average 492396.23 45415.05
or metal-ceramics using grinding stones, Standard
abrasives or polishing agents, except andard error 171024.33 12295.94
13 | Machine tools for cutting metal (including Median 9117.65 582
modular machines of linear design) for drilling, Fashion 173 170
boring, milling, cutting external or internal Standard deviation | 1904446,377 141803.68
threads by removing metal, except for lathes Dispersion samples | 3.62692E+12 | 20108283649
= gnd‘%dlgg H;m;"?urpose L?thes ) — Excess 16.03 11.81
ongitudinal planing machines, cross planing Asymmeiry 414 356
machines, slotting machines, broaching Interval 5296 676961
machines, gear cutting machines, gear grinding nterva 977549 769
machines or gear finishing machines , sawing Minimum 103 0
machines, gutting machines and othe¥ machines Maximum 9775599 676961
for processing metals or metal ceramics by Source: calculated by the authors
removing material, in other places n
15 Electri 1 d t t electri . .
g e‘rslcerr;tc Orrn: e:)Sr)s and generators (except electric In accordance with the proposed algorithm, the
16 | Receiving equipment for radio broadcasting, next step 1nv01veq constructing panel da.ta .models.
whether or not combined in the same housing The results obtained and their description are
with sound recording or sound reproducing presented below.
equipment or a clock In the first stage, the pool model was
17 | Organic chemical connections implemented. The calculation results are presented in
18 Compounds containing other nitrogen- Table 3.
containing functional groups
19 | Connections organic-inorganic other Table 3: Results of panel data modeling using the pooling
20 | Flat rolled products made of iron or non-alloy method.
steel, width 600 mm or more, cold rolled (cold
reduced), unplated , not plated or coated Coefficien | Standard t_tati p El_al
21 Ferroal'loys ts error statis u
Source: compiled by the authors 5 s °
. intersecti
Th}lS, 21 TN VEDcrit were selected , the volumes on 11555.43 4366,033 | 2.65 0.009
of which account for the largest share of the total Volume 3 13E
volume of imports from unfriendly countries as of import 0.72521 0.002 3533 _5'9

2021 and play a significant role in the creation of the
final and intermediate gross product of the studied
regions.

As an empirical basis, they developed a panel
dataset for the Volga Federal District regions,
including industrial production volumes and critical
imports. The relationship between changes in the
volumes of imported goods classified as foreign trade
activities and production volumes was explored using
pooled models, fixed-effects models, and random-
effects models.

The next step involved a primary data analysis.
The parameters studied, characterizing import
volumes according to critical HS codes, serve as
explanatory factors. The resulting indicators were

indicators revealing production volumes of similar ' -
products. Descriptive statistics for the initial data are Coefficient | Standar | statistic | P-
presented in Table 2. o s derror |s Value
olum
2,4041E
Table 2: Descriptive statistics of the raw data. N 0.145 0.0015 9.58 -15
import

Source: calculated by the authors
R? =0, 96; Fg2:=0

The obtained calculations indicate the statistical
significance of the model. Thus, in the absence of
random and fixed effects, the influence of critical
import volumes on production volumes can be
expressed by the following equation (2):

Vipouss = 11555,43 + 0,7V,n(2)

In the next iterative stage, data analysis was
performed based on the implementation of a fixed-
effects model using the Within -transformation
method . The results are presented in Table 4.

Table 4: Results of the fixed effects model.

Volumes
production

Critical import
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Source: calculated by the authors
R? =0, 99; Fy4:=0



The resulting equation is statistically significant.
Controlling for individual effects, an increase in
imports by 1 million rubles leads to an increase in the
production of similar products by 0.145 million
rubles.

The results of the calculation of the random
effects model are presented in Table 5 .

Table 5: Results of the random effects model.

1-

Coefficie | Standard | statisti | P-

nts error cs Value
Y-
intersecti 3316,40
on 9877.59 33 2.97 0.003
Volume 1,0847
import 0.75 0.0015 4731 E-71

Source: calculated by the authors
R? =0, 98; Fy0:=0
As with the previous ones, the resulting equation
and its coefficients are statistically significant.
The results of the panel data
implementation are presented in Table 6.

model

Table 6 : Results of the panel data model implementation.

R? | Coefficients Stand ¢ P-
by b, | ard s_tat Meani
error ng

Model | 0.9 | 11555 | 0.7 0.002 35. 2.18E

pool 6 43 25 ’ 33 -59

fn‘;‘ggl 0.9 0.1 |0.001 |95 |2404
9 45 5 8 1E-15

effects

Model

ZII:EO 0.9 | 9877. 0.7 0.001 47. 1,084
8 59 5 5 31 TE-71

m

effects

Haus 0.09

man

Test

Breus | 0.005

ch -

Pagan

test

Source: calculated by the authors

The obtained calculations indicate the statistical
significance of the obtained models . The value of the
Howman test is 0.09, which is greater than 0.05, thus
the hypothesis of the presence of fixed effects is
rejected.

the Breusch-Pagan test is 0.005, which is less than
0.05, thus the random effects model is preferable to
the pooled model.
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Thus, to model the dependence of production
volumes on the volumes of critical imports, a model
equation was chosen taking into account random
effects (3):

Vipouss = 9877,59 + 0,75V,n(3)

The resulting equation indicates that an increase
in critical imports by 1 million rubles leads to an
increase in production volume by 750 thousand
rubles.

5 CONCLUSIONS OR
DISCUSSION AND
IMPLICATION

The final conclusion drawn from the conducted
assessments is that critical imports significantly
determine the economic growth dynamics of the
regional group under study. This conclusion is based
on econometric modeling of panel data, in which
production volume serves as the dependent variable
and the volume of critical imports serves as the
independent variable.

The results of the evaluations of the resulting
models (pool model, fixed-effects models, and
random-effects models) demonstrate a statistically
significant positive relationship between the studied
indicators ( V_prod , V_imp ) . However , based on
the results of model testing, the fixed-effects
hypothesis is rejected, and the random-effects model
is preferable to the pool model. Thus, unaccounted for
individual characteristics of critical TN VEDs have a
random but significant impact on production
volumes, emphasizing the complex nature of the
identified relationship.

It is important to note that the obtained estimates
largely correspond with previous research in this area.
For example, the works of Russian scholars (
Bezpalov , 2020; Import Substitution ..., 2023;
Danilova et al., 2019) also note the need, in the
context of sanctions restrictions , to focus on
activating state economic policy in the area of
creating and developing domestic production in those
areas classified as critical imports based on the results
of the study (Table 1). This is justified by the fact that,
in the context of external restrictions, these product
categories, along with a number of others (including
those included in the critical import group based on
the results of the study), play a significant role in
ensuring the stability and rhythm of economic
development processes. Meanwhile, these studies are
based primarily on an assessment of the shares of
these import groups in the total volume of products



supplied from abroad. At the same time, the use of
special models that assess the impact of possible
restrictions on the supply of critically important TN
VED on macroeconomic trends is not carried out.

The implementation of this study largely
compensates for this gap and contributes to the
further development of the theory of import
substitution economics from the standpoint of
expanding the methodological base, including in the
context of identifying critical imports and developing,
on this basis, economic and mathematical models of
their impact on the economic growth of regions.

The scientific and practical value of the obtained
results is expressed in the following key aspects:

From an economic point of view:

- A methodology for identifying sectors that are
critical to the economy in terms of the volume of
imported goods has been proposed and tested.

- The existence of random individual differences
between the volumes of critical imports and the
production of similar products has been proven.

- The results of the study can be used by
government agencies in developing strategic
planning documents.

2. From mathematical:

- Models of spatial effects (pool model, random
effects model and fixed variable model) were
developed and tested to assess the impact of critical
import volumes on macroeconomic dynamics.

- It was determined that the relationship between
production volumes and the amount of imported
products, critical for the economy of the regions of
the Volga Federal District, is due to the presence of
individual differences between the studied TN VED,
but these differences are random.

Overall, the results of this study demonstrate its
scientific and practical significance. It contributes to
the development of a theory of regional economic
dynamics in the context of systemic transformations.
The developed tools for identifying critical imports
and subsequently constructing models to assess their
impact on sustainable economic development opens a
new, improved approach to studying the impact of

international supply chain transformations on
regional economic growth.
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