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Abstract. Russia actively participates in the international division of labor, global trade, and
cross-border value chains. Foreign trade represents a significant share of its gross domestic prod-
uct. In recent years, the Russian government has been strengthening its public policy to carry out
infrastructure and production projects as well as use tax, credit, budgetary, and other policy
measures to stimulate economic growth. Hence, there is a growing demand for economic research
using mathematical models for managing the economy and industries based on world input-
output models with foreign trade blocks highlighted therein. This paper introduces into scientific
circulation the world input-output tables created in recent decades, including their brief overview.
We propose a model for the Russian economy based on Leontief’s Input—Output tables in which
each industry’s supplies of products to other industries are decomposed into domestic output and
import flows. The model is verified using an example of the mining, manufacturing, and transport
complexes of Russia. Their output dynamics and structural shifts are estimated for the period
2000-2018 considering the foreign trade component. Special attention is paid to the participation
of these complexes in Global Value Chains (GVCs). We present and analyze formulas for deter-
mining the participation of industries in GVCs. According to the calculations, Russia’s involve-
ment in mining, manufacturing, and transport GVCs is comparable with other countries having
large territories, mineral reserves, and transport communications, such as the United States and
Australia. Some promising lines to improve the model are described.

Keywords: world input-output tables, industries management, mining, manufacturing, transport, foreign

trade, structural shifts, Global Value Chains.

INTRODUCTION

Being not novel, world input-output tables repre-
sent an effective and promising economic analysis tool
for solving a variety of control and management prob-
lems. This tool has been known since the 1980s, the
publication of the UN’s report The Future of the
World Economy by a group of experts with famous
Russia-born economist W. Leontief. Chapter IV of the
report was devoted to the description of the world in-
terregional input—output model [1]. In the report, the
blocks of the global model were treated as regions of
the world economy. However, this line of economic
research has started intensive development in the 21st

century, following the appearance of fragmentation
theory, global production and value chains, Trade in
Value Added, etc. All of them rest on a mathematical
framework for describing sustainable development
using world input-output tables.

The methodological foundations of modern input—
output models as an economic research tool were
comprehensively considered in the voluminous UN’s
handbook [2], containing over 700 pages of text. Not
addressing the issues of building world input—output
tables, the document nevertheless clearly defined the
main vector of their development. Such attention of
the world’s largest international organization to world
input—output tables is not accidental and can be ex-
plained as follows.
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First, economic globalization brought to the fore-
front the problems of world economic growth in all its
manifestations: patterns, trends, and tendencies; man-
agement of international trade and cross-border assets;
foreign direct investments; labor migration, etc. Carry-
ing out complex interdisciplinary studies of the con-
nected world required adequate scientific tools. World
input—output tables became such an analysis tool.

Second, the rapid growth of labor productivity and
productivity in the late 20th—early 21st centuries was
largely due to increasing cross-border production co-
operation as well as expanding the foreign supplies of
products and capital investments. These processes also
brought to the forefront the task of developing ade-
guate methodological, statistical, and mathematical
tools for studying global processes in the field of
cross-border production and management.

Third, computerization and digitalization enabled
researchers to create complex, multi-parametric, and
high-dimensional models of economic development at
their workplaces in real time and include intersectoral
cross-border linkages in such models, thereby obtain-
ing a more complete, structured, and disaggregate (at
the levels of sectors and industries) picture of the de-
velopment of the world economy. Powerful computers
and appropriate software created conditions for pro-
cessing large arrays of statistical and other infor-
mation, including world input—output tables of high
dimensions.

1. MODELS AND DATABASES: A SURVEY

1.1. Theoretical Foundations

In recent years, input—output models, particularly
their compilation and calculations, have become an
important subject in the theory and applied research of
control and management in socio-economic systems.
Works in this area activated after the global financial
and economic crisis of 2008-2009: despite numerous
studies of the world economy, carried out using com-
plex, multi-parameter, stochastic, and game-theoretic
forecasting models, no one was able to predict its on-
set.

Another factor contributing to the widespread use
of input—output models in control and management
was the concepts of Global Value Chains (GVCs) and
Trade in Value Added (TiVA), which emerged around
the same time. International organizations (the UN,
UNCTAD, and WTO) expressed interest in these con-
cepts, which gave an additional impetus to the devel-
opment of world input—output tables. In particular, in
2016, the UN issued the Guide to Measuring Global
Production, where both concepts played key roles [3].

The main methodological problem tackled by re-
searchers since the early 2000s was to decompose
mathematically country’s gross exports into various
value-added components by source. Many schools of
economics were engaged in the theoretical studies of
this problem. In the 2010s, a solution was proposed by
a group of scientists and experts led by R. Koopman,
Chief Economist and Director of Economic Research
of the United States International Trade Commission
(USITC) [4]. The corresponding formulas for export
components in value-added terms were used to create
the TiVA Database [5] of OECD and WTO.

Among the publications of recent years, we em-
phasize the working paper by a group of scientists led
by R. Baldwin, a well-known professor of internation-
al economics at the Geneva Graduate Institute [6]. The
paper considered tools for assessing the impact of ex-
ternal shocks on global value chains and presented a
systematic approach to developing appropriate indica-
tors. In particular, on the example of three countries
(USA, China, and Mexico), the tracking mechanism of
a three-linkage supply chain was analyzed in detail:
the imports of intermediate products (the first linkage),
processing (the second linkage), and exports to the
third country (the third linkage). A mathematical appa-
ratus using input-output tables was described as well.
A formula and algorithm for decomposing gross ex-
ports into value-added components were proposed by
other researchers [7].

The EU’s technical report enables to fully decom-
pose the factor content of bilateral trade measured at
the border and account for the specific of the different
countries and industries participating in GVCs [8]. It
provided and justified new formulas for calculating the
ratio of value added and exports in multiregional in-
put-output tables.

1.2. Applied Research

Since Leontief’s times, a major line of applied re-
search based on input—output models has been the cal-
culation of structural changes in the economy and the
assessment of the impact of production factors on eco-
nomic growth. Currently, several international peer-
reviewed journals are devoted to the analysis of struc-
tural shifts. In this context, we mention Structural
Change and Economic Dynamics, a Scopus-indexed
journal issued by Elsevier (the Netherlands). It pays
much attention to the development and application of
the world input-output tables in economic analysis.
For example, structural shifts between large groups of
countries in the world economy were studied in the
paper [9]. As was demonstrated by the authors, partic-
ipation in global value chains can facilitate the process
of structural transformations in developing economies.
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In 2011, the Pan-Pacific Association of Input-
Output Studies (PAPAIOS) established The Journal of
Economic Structures, an interdisciplinary periodical
indexed by Scopus. The publication [10] in this jour-
nal analyzed statistical data series on the economic
growth of several OECD countries for 1995-2011.
The contribution of final demand components was
determined using the input-output model.

An interesting applied study for the automotive in-
dustry was carried out by M. Timmer et al., the devel-
opers of the World Input-Output Database (the Uni-
versity of Groningen, the Netherlands) [11]. Using
input-output tables for the world economy, they con-
sidered the dynamics of shifts in the geographical dis-
tribution of value added in the global automotive in-
dustry for 1995-2011. According to the conclusions,
there is a growing international fragmentation of pro-
duction processes in the industry, within the regions
and also between them.

In recent years, due to the increasing frequency of
man-made and natural disasters, more and more publi-
cations have been focused on assessing the impact of
various force majeure, from earthquakes and floods to
the COVID-19 pandemic, on the economy and indi-
vidual industries. For example, a global input—output
table (35 industries, 29 endogenous and 59 exogenous
countries) was built and used to analyze the transfer
mechanism of shocks from the fall in demand for fin-
ished goods [12]. Also, the cited authors developed
special indices to measure the degree of reduction in
value added and the output of intermediate products.

The economic effects of the 2016 earthquake in
Kumamoto Prefecture, Japan, were studied in the pa-
per [13]. Using an interregional input-output table, the
authors modeled the negative effects on consumer
spending and value added in different regions of the
country. In addition, the positive impact of a sharp
increase in aggregate government and household ex-
penditures on reconstruction and construction was es-
timated. The net increase in value added was estimated
considering intersectoral linkages. According to the
conclusions, despite the earthquake’s direct economic
damage to Kumamoto Prefecture, the economic re-
sponse activities exceeded the damage, ensuring the
rapid economic recovery of the region.

The study [14] was devoted to economic losses
from cyber-attacks in Japan using an input-output
model with a production function. Within this model,
the objective function is the amount of damage and the
effectiveness of various government measures to re-
duce and prevent damage. The initial numerical in-
formation is the working time losses due to cyber-
incidents. These data were applied to the input—output
table to calculate indirect effects. As a result, direct
and indirect damages were estimated for all industries
of Japan’s economy in terms of working time losses.

The most popular topic in recent years has been the
COVID-19 pandemic. A considerable amount of liter-
ature has been devoted to assessing its impact using
input—output tables as a research tool with the fullest
consideration of direct and indirect effects. For exam-
ple, the economic sectors with the potentially highest
vulnerability to the COVID-19 pandemic were identi-
fied using graph theory and input-output tables [15].
The analysis was carried out for the eight largest coun-
tries, including Russia. As was discovered, in all coun-
tries, the priority sectors for the governments to sup-
port were manufacturing, real estate, and wholesale
trade.

1.3. Databases

Over the past decades, several projects have been
implemented in the world to create global models with
databases containing input-output tables. They are de-
veloped and maintained by private organizations as
well as on the orders of different authorities.

In this area, one of the pioneering world-class de-
velopments is the Global Trade Analysis Project
(GTAP) database." Existing since 1992, it was created
by a consortium of US universities and private and
international organizations in order to provide users
with various structured statistical and calculated nu-
merical information on economic indicators. It is host-
ed by Purdue University (USA). The GTAP is based
on a multiregion, multisector computable general equi-
librium model with perfect competition and constant
returns to scale. Its core is a database of world bilateral
trade, production, consumption, and intermediate uses
of goods and services (“input—output). GTAP ver. 11
contains data for years 2004, 2007, 2011, 2014, and
2017 by 65 industries in 141 countries (including Rus-
sia). It can be structured by 19 regions of the world,
i.e., is a multi-region model.

In 2009, the EU decided to support the develop-
ment project of its own database of input—output mod-
els, the World Input-Output Database (WIOD). By the
EU’s order, this work was carried out for several years
by a consortium of European universities and research
centers. The database is maintained by the head organ-
ization of the consortium, i.e., the University of Gro-
ningen.” The current version of 2016 contains 15 an-
nual world input—output tables for 20002014, cover-
ing 43 countries (27 EU countries + 16 non-EU coun-
tries, including Russia) + “the rest of the world” and
56 industries.

1 URL: https://www.gtap.agecon.purdue.edu/. (Accessed February
19, 2024.)

2 URL: https://www.rug.nl/ggdc/valuechain/wiod/?lang=en. (Ac-
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The Multiregional Input-Output Tables® (MRIO)
database is an extension of WIOD with the supple-
mentary tables of Asia-Pacific countries. It includes 19
countries in addition to the 6 Asian countries present
in WIOD. Since 2014, MRIO compilation has been
led and funded by the Asian Development Bank. The
database contains national input-output tables for 26
Asia-Pacific countries for 2000-2020.

In this paper, we use information from the Inter-
Country Input-Output® (IC10) database, the version of
2021, of the Organization for Economic Cooperation
and Development (OECD). ICIO tables were compiled
for 1995-2018 for 67 countries (including Russia)
with decomposition by 45 industries according to the
International Standard Industry Classification (ISIC)
of all economic activities, the version of 2009.

2. THE MODEL

2.1. World Input-Output Tables

Our interpretation of the mathematical model of
world input—output tables is presented in Table 1.
This model has the following notations:

a;" is the value of intermediate products manufac-
tured by industry i of country m and consumed by in-
dustry j of country n;

yi is the value of products manufactured by in-

dustry i of country m and used for final consumption
k=1,..., K of country n. As a rule, final consumption
includes three groups of costs: the final use of goods

Table 1
World Input-Output Tables
Output
Costs Intermediate products Final product Gross
1; n; N, 1, Nk Nk output
1 11 1n N 11 1n N 1
. g aj A Y11 Yik Yik X
2 11 1n N 11 n N 1
Country 1 ! az aj a) Yo1 Yok Yok X5
I 1 1n N 11 1n N 1
! apy aj aj; Yi1 Yik Yik X
1 21 2n 2N 21 2n 2N 2
2 ajp 8 j ay Yii Yik Yik X{
2 21 2n 2N 21 2n 2N 2
2 a 4 ) Y21 Yok Yok X5
Country 2
I 21 2n 2N 21 2n 2N 2
2 a1 aj ay Yi1 Yik Yik X|
1 ml mn mN ml mn mN m
m a1 ayj ay) Y11 Yik Yik X
2 ml mn mN ml mn mN m
m an aj Gy Yo1 Yok Yok X5
Country m
| ml mn mN ml mn mN m
m aj; aj; ay Yi1 Yik Yik X|
1 M1 Mn MN M1 Mn MN M
M ayq & a3 Yi1 Yik Yik X
2 M1 Mn MN M1 Mn MN M
Country M M ay aj ) Y21 Yok Yok X3
I M1 Mn MN M1 Mn MN M
M a)q a; a) Vi1 Yik Yik X
Added value Vi vj v - - - -
Gross output Xt X] Xy i ) ] ]

3URL: https://www.adb.org/what-we-do/data/regional-input-output-tables. (Accessed February 19, 2024.)

4 URL: https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm. (Accessed February 19, 2024.)
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and services for household, government, and non-
profit institutions serving households; capital for-
mation, changes in inventories, and the net acquisition
of valuables; net exports (exports minus imports);

x" is the gross output produced by industry i of

country m;
v;‘ is the value added in industry j of country n. It
can be represented as the sum of several components
(categories) such as wages, gross profit, gross income,
taxes and subsidies (-), fixed assets;

i, j € {1, 2,.., I}, iand j indicate industries in the
rows and columns of the world input—output table,
respectively, where | is the number of industries and
J =1

n, me {1, 2,..., N}, n and m indicate countries in
the rows and columns of the world input—output table,
respectively, where N is the number of countries and
M =N;

k € {1, 2,..., K}, k indicates the final consumption
component, and K is the number of final consumption
components in the world input—output table.

The gross output x" produced by industry i of

country m by rows can be represented as the sum of
intermediate and final consumption:

M M K
UEOPIAEDWRHS @

n=1 j=1 n=1 k=1

By columns, it can be represented as the sum of inter-
mediate consumption and value added:

X} =izllai’j““ +Vj . 2)

m=1i=1
Let us transform the initial equations and introduce
new notations.
We construct the new gross output vector X by se-
quentially arranging the gross outputs x" by countries
m=1,2,..,M:

v 1 1 1 2 2 2
X={X Xoreeor Xy Xy Xy peer Xy eeny

XX, X
The vector X contains (I xM) components. De-

noting this number by R and the components of the
vector X by %, we write the vector X as

X:{)A(r}rzl,...,R'

By analogy, we construct the world economy’s fi-
nal consumption vector ?:{9r}r:]“ o+ Where § is

the final consumption indicators for all industries se-
quentially arranged country-by-country.

With all rows and columns numbered from 1 to R,
m,n=1,2,..,M

the intermediate flows matrix {afjm} L, can be
i,j=12,..,

represented as

A

A={a

rs }r,s:l,..,,R '

Next, we calculate the direct input coefficients c,
(technological coefficients) of the world input—output
table: ¢, = 4, /X, where r and s are the row and col-
umn, respectively.

Then the direct input coefficient matrix of the
world input—output table takes the form

C :{Crs }r,s=1v2v-"R ,

and the input—output model equation is written as
X=CX+ Y
or
X=(E-C)'Y 3)

with the following notations: X is the gross output

A

vector {xr}r:1 o Y is the final consumption vector
{yr}r:1 o» C s the direct input coefficient matrix
{CI'S}rs=12 o finally, E is an identity matrix of di-

mensions Rx R . (The elements of the principal diago-
nal are one, and all other elements are zero.)

2.2. ICIO0 Input-Output Tables

Information from the ICIO database, the version of
2021 (see footnote 4 on p. 26), was used to carry out
calculations by formula (3). Our model (1)—(3) is the
world input—output table with the following parame-
ters: i, j =1, ..., 45; I, J = 45 (the number of indus-
tries); m,n=1, ..., 67; M, N = 67 (the number of coun-
tries); r = 1, ..., 3015; R = 3015 (the number of rows
and columns).

The final consumption vector Y is presented in
ICIO in terms of K = 6 components (k = 1,..., 6):
household consumption; expenditures of non-profit
institutions serving households; direct purchases by
non-residents; government final consumption; capital
formation and changes in inventories [5, p. 10].

In ICIO, each country’s matrix of intermediate
products A = {g; } is decomposed into two matrices

as follows:
A=AD+IM, (4)

where AD:{aﬁ } _, isthe matrix of domestic in-
L=k,

termediate inputs and 1M = {im; } o, is the matrix

of intermediate imports).
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The final consumption components are similarly
decomposed into domestic products and direct im-
ports.

2.3. Assessing the Participation of Russian Industries in
Cross-horder Value Chains

The matrix of intermediate imports is available in
the ICIO database for the Russian economy. There-
fore, it is possible to assess the involvement of Rus-
sian industries in global value chains (GVCs). For this
purpose, we calculate the volume of intermediate im-
ports included in exports from the ICIO tables (see
footnote 4 on p. 26) by the formula

ImCEx =CIM(E—-CAD) " Ex, ()

where:

ImCEx={imcej} | is the vector of interme-

diate imports that are included in exports for each in-
dustry (the imports content of exports);

CIM={im; /x;} s the matrix of direct in-

ij=
put coefficients for the imports of industry i when ob-
taining the latter in industry j, derived from the matrix
IM (4);

CAD:{aﬁ /xj} is the matrix of direct in-

ij=
put coefficients for domestic products (i.e., excluding
imports) when obtaining products in industry j, de-
rived from the matrix AD (4);

finally, Ex={ex | _,  is the vector of exports by

industries.
Economically, the jth component imce; of the

vector ImCEx means the products imported by all
industries for intermediate consumption that are in-
cluded in the exports of industry j. Indeed, the matrix
of import direct costs, CIM, is multiplied by the ma-
trix of full cost coefficients for domestic products,

(E—CAD)_l, which is (in turn) multiplied by the
vector of exports.

These indicators have the following economic in-
terpretation:

e The I-dimensional vector (E—CAD)_lEx,

where | is the number of industries (see the variables
in Table 1) shows how much domestic gross output is
needed to obtain the volume of exports Ex (an analog
of the final product supplied abroad);

e The matrix CIM of dimensions (1 x1) consists
of intermediate imports per unit of gross output of
each industry. Multiplying this matrix by the vector

(E—CAD)_lEx gives the vector of imports content
of exports (by industry i=1,..., I).

The imports content of exports (the vector
IMCEX), or the import component of exports, is the

contribution of imports to the output of exported
goods and services. It represents an indicator of the
industry’s involvement in global value chains through
imports. Thus, a chain contains at least three countries,
namely, the manufacturer of imported products, the
country where the imports are processed, and the con-
sumer of the exported products. Also, this indicator
reflects the vertical specialization of the country and
its industries in the global economy [16, p. 6].

2.4. Equations for Russia’s Industrial Complexes

The mining, manufacturing, and transport com-
plexes in ICIO, particularly for Russia, are presented
in terms of the following sectors (with the numbers
according to the original tables):

3. Mining and quarrying, energy producing prod-
ucts;

4. Mining and quarrying, non-energy producing
products;

5. Mining support service activities;

6-22. Manufacturing, incl.:

10. Coke and refined petroleum products;

15. Basic metals;

20, 21. Motor vehicles, trailers and semi-trailers;
Other transport equipment;

22. Manufacturing nec’; repair and installation of
machinery and equipment;

35. Land transport and transport via pipelines;

36. Water transport;

37. Air transport;

38. Warehousing and support activities for trans-
portation.

In the model, see formula (1), the gross output of
Russia’s complexes is calculated by

5 45 6
z[zzy] ©
s=3\_j=1 k=1
45

z(zzyJ @
s=6 1 k=1

j=

38 45 6
fo=z[za§F+zy;F], ®
k=1

$=35\_ j=1

where x, xXF and x are the gross outputs of the
Russian mining, manufacturing, and transport com-

5 Not elsewhere classified.
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plexes, respectively; af" is the intermediate products

from industry s to industry j of the Russian economy,
including imports, where s = 6,..., 22 and j =1, 2,...,
45; y&F is the final consumption of component k of

the products of industry s in Russia, including imports,
wherek =1,..., 6.

3. MODEL CALCULATIONS AND ECONOMIC ANALYSIS

Model (1)—(8) was tested on the example of the
mining, manufacturing, and transport complexes. This
choice is explained by their importance for the Rus-
sian economy and the high degree of their involve-
ment in cross-border value chains. We calculated the
indicators of structural shifts in these complexes and
their involvement in cross-border value chains as well
as compared the results with other countries.

According to the calculations, during 2000-2018,
the mining and transport complexes were the drivers
of Russia’s economic development. The growth of
their output outpaced other macroeconomic indicators,
in particular, gross domestic product (GDP) and gross
output in the country. While Russia’s GDP and gross
output increased 6-fold between 2000 and 2018, the
outputs of the mining and transport complexes demon-
strated growth rates of 7.2 and 6.4 times, respectively.
(Hereinafter, all values are in current USD.) The share
of the manufacturing complex in the gross output of
the Russian economy decreased from 27.5% to 26.0%.

In value-added terms, mining and quarrying increased
from $39.1 billion in 2000 to $280.4 billion in 2018.
The output of transport sectors rose from $34 billion to
$217 billion over the same period.

A powerful internal driver of Russia’s develop-
ment was scientific and technological progress, which
dramatically increased efficiency and optimized the
management of product flows, warehousing, and sup-
port activities. Due to their outpaced growth, there
were significant structural shifts within the complexes.

In mining and transportation, support activities, in-
cluding warehousing, management, and services, as
well as mineral exploration, became more important.
In the mining complex, the share of energy resources
decreased from 85.8% in 2000 to 78.8% in 2018,
while the share of support service activities almost
tripled over the same period, from 3.7% to 10.1% (see
Fig. 1).

In the manufacturing complex, the shifts in many
respects followed the mining trends. In the structure of
the manufacturing complex, the share of coke and re-
fined petroleum products increased most significantly
(Fig. 2). Also, the share of motor vehicles, trailers and
semi-trailers in the manufacturing complex slightly
grew, but the relative level of basic metals decreased.

In transportation, structural shifts were even more
considerable: the share of logistics, management,
warehousing, and other support activities in gross out-
put increased 2.4 times from 13.1% in 2000 to 31.6%
in 2018 (see Fig. 3).

Mining support service
activities; 3.6%

Mining and
quarrying, non-energy
producing products;

Mining and quarrying,
energy producing
products; 85.8%

(a)

Mining and quarrying,
non-energy producing /-

Mining support service
activities; 10.1%

Mining and quarrying,
energy producing
products; 78.8%

(b)

Fig. 1. The gross output structure of Russia’s mining complex: (a) year 2000 and (b) year 2018.
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Coke and refined
petroleum products;
o 192%

15.0%
Manufacturing n.e.c.;
Manufacturing n.e.c.; ) repair and installation of _
repair and installation of _ Motor vehicles, machinery and equipment; ~ Motor vehicles,
machinery and equipment; trailers and semi-trailers; 50.7% trailers and semi-trailers;
52.4% Other transport Other transport

equipment; 8.9%

(@)

Basic metals;
19.5%

Coke and refined
etroleum products;
23.9%

Basic metals;

equipment; 10.4%

(b)

Fig. 2. The gross output structure of Russia’s manufacturing complex: (a) year 2000 and (b) year 2018.

Warehousing and support
activities for transportation;
13.1%

Air transport; 9.3%

Water transport; 3.2%

Land transport and transport
via pipelines; 74.4%

(@)

Warehousing and support
activities for transportation;
31.6%

Alr transport;
11.1%

Land transport and transport
via pipelines; 55.3%

Water transport;
2.0%

(b)

Fig. 3. The gross output structure of Russia’s transport complex: (a) year 2000 and (b) year 2018.

The share of air transport also increased due to the
active involvement of the economy in global value
chains and the rapid development of foreign tourism.

No significant shifts were observed in macrostruc-
tural “industry—services” indicators. The share of ser-
vices remained almost unchanged throughout the en-
tire period at a level of 60.2-60.8% in 2000-2018.

In all three complexes, imports were growing at a
particularly high rate, and their involvement in global
value chains was taking place. The intra-sectoral con-
sumption of imported products in mining sectors in-
creased 16 times, from $50 million in 2000 to almost
$800 million in 2018. This figure much exceeds the
overall increase in imports across the Russian econo-
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my (5.5 times). At the same time, considering the in-
tra-sectoral, cross-sectoral, and final consumption,
imports in the mining complex increased only 4.5
times, from $693 million in 2000 to $3.1 bhillion in
2018.

In Russia’s transport complex, imports increased
6.5 times, from $4.8 billion in 2000 to $31.5 billion in
2018. As a result, its share in total imports grew from
7.5% to 9.0%. This high import dependence negative-
ly affected the transport complex during the COVID-
19 pandemic and the subsequent economic stagnation.

According to the calculations by formula (5), Rus-
sia’s involvement in cross-border value chains in the
mining, manufacturing, and transport complexes is
comparable with other countries having significant
territories, volumes of mining and quarrying, and ex-
tensive transportation networks (USA and Australia);
see Table 2.

In some sectors, Russia is ahead of these countries,
being behind in others. But all three countries—
Russia, USA, and Australia—are significantly behind
China in terms of cross-border production cooperation.
This fact is explained by China’s higher degree of in-
tegration into the global economy as the world’s facto-
ry and the main exporter of products.

CONCLUSIONS

Over the last decade, world input—output tables
have been actively created by international organiza-
tions. In the conditions of globalization, the cross-
border division of labor, and the intensification of for-
eign trade, they are in demand by governments and
researchers as an economic analysis tool for develop-
ing and assessing the effectiveness of economic and
political decisions. They can be used to control socio-
economic development and production, carry out sim-
ulations, and estimate the sensitivity of economic sys-

tems, industries, and complexes in order to develop
optimal management decisions by the states and large
companies operating in global markets.

In this paper, a model has been proposed, and
model-based calculations have been carried out to as-
sess the place and role of Russia’s mining, manufac-
turing, and transport complexes. According to the cal-
culations, it is important to manage these complexes in
order to improve the efficiency of the Russian econo-
my. The flows of imported products as part of inter-
mediate and final consumption have been separated in
input—output tables, and the following conclusion has
been drawn accordingly: with the gradual intensifica-
tion of the involvement of Russia’s mining sectors and
transport in international cooperation, their role as a
driver of the country’s economy was growing. The
development of both national economic complexes for
almost 20 years (2000-2018) was proceeding at a fast-
er pace.

The calculations demonstrated that there were ma-
jor structural shifts in Russia’s mining and transport
complexes in 2000-2018, mainly due to scientific and
technological progress. Among the sectors of both
complexes, the highest growth rates were observed for
management expenditures, warehousing, and support
activities.

Based on this study, it can be generally concluded
that Russia’s mining and transport complexes in the
period before the COVID-19 pandemic had sustaina-
ble and generally optimal strategies for development
and involvement in global value chains.

The model proposed in this paper can be further
improved and expanded in the following promising
areas of application:

— management of import substitution in Russia at
the sectoral level (by introducing a new block of im-
port restrictions and an efficiency criterion in the
model, as well as an algorithm for finding an optimal
strategy under such restrictions);

Table 2
The share of imports in exports: Russia and other countries in 2018, in %
Sectors Russia USA Australia China
Mining and quarrying, energy producing products 3.9 114 7.1 12.5
Mining and quarrying, non-energy producing products 7.0 9.0 9.8 15.7
Mining support service activities 12.5 6.8 8.5 16.3
Coke and refined petroleum products 5.9 28.4 24.2 39.6
Basic metals 11.8 20.9 17.3 17.8
Motor vehicles, trailers and semi-trailers; Other transport equipment 34.8 27.2 30.2 14.3
Land transport and transport via pipelines 7.7 5.9 14.0 9.6
Water transport 12.4 7.5 10.6 20.1
Air transport 14.3 5.2 20.6 16.2
Warehousing and support activities for transportation 10.5 5.9 5.9 14.5
The overall economy 8.7 10.1 10.8 17.1
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— management of greenhouse gas emissions at the
level of sectors and productions (by introducing an
environmental block into the model);

— management of taxes and profit (by introducing
a separate component in value added and using, e.g.,
the methodology proposed in [17]).

The model can include pricing and dynamics and
be used to manage, forecast, and plan the entire econ-
omy and separate sectors. In addition, it can be used as
a basis for solving different classes of simulation and
optimization problems of managing the Russian econ-
omy under sanctions and other restrictions, in particu-
lar, within the theory of management of multi-resource
self-developing systems, optimization of the techno-
logical core of an economy with the productivity crite-
rion, optimal planning, and other approaches described
in [18-20].
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