R-ECONOMY, 2022, 8(2), 135-147

doi: 10.15826 /recon.2022.8.2.011

135

Original Paper

doi 10.15826/recon.2022.8.2.011
UDC 332.1
JEL C67, E01 O11

Assessment of the Leontiev productive matrix
of the economic development model for Tyumen region (Russia)

V.R. Tsibulsky’, L.V. Vazhenina? I.G. Soloviev"?, D.A. Govorkov"?, V.N. Novikov' <
! Tyumen Research Center SB RAS, Tyumen, Russia; < viktor.p.novikov@yandex.ru

> Tyumen Industrial University, Tyumen, Russia

ABSTRACT

Relevance. Monitoring has always been an important part of the management of
regional development. Recently, this task has been gaining currency due to the
development of modern information technologies of data collection and process-
ing, citizen-government interaction and digital modelling. The task of goal evalu-
ation, that is, comparison of the actual results with the intended ones in different
spheres, among other things, requires us to build and adjust the macro-economic
model of regional development and in particular to update the input-output ma-
trix based on the regions statistical data.

Research objective. The study aims to build a table of input-output balance for
the south of Tyumen region (Russia) based on the statistical data of standardized
economic indicators.

Method and data. Two options for estimating the input-output matrix for Tyu-
men region are described. In the first option, a well-known method of adjustment
of the reference input-output matrix for the priority economic sectors of Tyumen
region is supplemented by the regularization of the resulting parameters accor-
ding to the least squares method for the selected period. The second option is
based on the aggregation of industries by subsystems based on the cost structure
table of the same industries, but for the entire country, followed by the identifica-
tion of the already aggregated matrix, without adjusting the result to the standard.
Results. In the first option, we obtained a table of input-output balance for 2018.
The table quite accurately reproduces the invoice structure of costs and consump-
tion. The aggregated input-output matrix, taking regularization into account, re-
produces the actual costs of the region for 2016-2018 with good approximation.
In the second option, the distribution of the resulting direct costs coeflicients over
the years does not exceed 10%.

Conclusions. The resulting estimates of the Leontiev input-output matrices meet
the requirements of productivity and balance and can be used in benchmark
problems for the analysis and forecasting of the economic development of Tyu-
men region. A variation of the functional scheme for assessing and analyzing the
discrepancies between the declared and actual trajectories of the indicators based
on the Leontiev matrix is proposed.
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AHHOTAIIUSA

AKTyanbHOCTb. MOHUTOPUHT BCerfa ObII BaYKHOI YaCTbIO YIIPABICHUSA PEru-
OHaJIbHBIM pa3BuUTHEM. B mmocnenHee Bpems aTa 3ajjaya npuobpeTaeT Bce O0JIb-
IIyI0 aKTyaJbHOCTb B CBSI3M C PasBUTUEM COBPEMEHHBIX MH(POPMAIVIOHHBIX
TeXHOMOrnit c6opa 1 06pabOTKM HaHHBIX, B3aMOLEICTBIUA IPAXIAaH I TOCY-
mapcTBa 1 udpOBOro MojenpoBanus. PellleHne 3afiaun KOHTPOJIA COOTBET-
CTBMS 3asIBJIEHHBIX 1I€Ie}l Pa3BUTUA VM PeajIbHBIX JJOCTV KEHUI B Pa3IMYHbIX

© Tsibulsky, V.R., Vazhenina, L.V., Soloviev, I.G., Govorkov, D.A., Novikov, V.N., 2022

R-ECONOMY 4

Online ISSN 2412-0731

KJIFOYEBBIE CJIOBA
MOJIe/Ib MeXOTPAC/IEBOTO
6ajaHca, MaTpuUIA IPAMBIX
3aTpar, TPAeKTOPIs Pa3BUTIA
peryoHa, CTaTUCTUKa
HaIlMOHAIbHBIX CYETOB,
Ta67[I/IIH>I «3aTPaTbI-BbIITYCK»

r-economy.com



https://doi.org/10.15826/recon.2022.8.2.011
https://doi.org/10.15826/recon.2022.8.2.011
mailto:viktor.p.novikov@yandex.ru
mailto:viktor.p.novikov@yandex.ru

R-ECONOMY, 2022, 8(2), 135-147

doi: 10.15826 /recon.2022.8.2.011

136

cdepax geATeIbHOCTU TpebyeT, HOMMUMO IIPOYEro, MOCTPOCHMS U HaCTPOVKM
MaKPOSKOHOMUYECKON MOJENN PETMOHATIBHOIO Pa3BUTUA U, B YACTHOCTH, AK-
Tya/ln3aLMI0 MaTPULbI IPAMBIX 3aTPaT 10 MMEIOMWMMCS CTaTUCTUYECKUM JJaH-
HBIM peryoHa.

Iens mccnepopann. Llenpio HacToAIIEN CTaTby ABIAETCA IIOCTPOEHME Y Ha-
CTpOJiKa TabIUIIBI MeXOTPAcIeBOro 6anaHca Jyis ora TIOMEHCKOIT 06/1acT 1Mo
CTaTUCTUYECKMM JAHHBIM TUIIOBBIX 9KOHOMUYECKMX ITOKa3aTesIel.

Mertoppl u paHHble. [IprBOgATCA OBa BapuaHTa OLEHMBaHMA MAaTPULBI NP:-
MBIX 3aTpar /11 TIOMEHCKOII 00/1acTy 110 HOCTYIHBIM CTATUCTUYECKNM JJAHHBIM
9KOHOMMYECKUX ITI0KasaTesiell pernoHa. B mepBoM BapmaHTe upeHTH(UKALN,
U3BECTHBIN CIIOCOO KOPPEeKIVM 9TaJOHHON MaTPMULbI «3aTPaThl-BBIIYCK» IS
BBIOPAHHBIX, IPMOPUTETHBIX AJIs1 TIOMEHCKON 00/1acTy OTpacieil 3KOHOMU-
KJ JIOIIOJIHAETCS PEryiApusalyeil Moay4aeMblX IIapaMeTPOB IO CXeMe METOfA
HaVMEHbIIMX KBaJIpaTOB 3a BBIJIC/ICHHBIN IT€PUOJ. BTOpoli BapmaHT OCHOBaH Ha
arperanuy OTpaceil IIo IOACUCTeMaM Ha OCHOBE TaOIUIBI CTPYKTYPBI 3aTpat
TeX XKe oTpacyeli, Ho o Poccny, a 3ateM naeHTU(UKALNN YoKe arperpoBaHHON
MaTpuLbl, 6e3 IOATOHKM pe3y/IbTaTa K 9TaJIOHY.

Pesynbrarel. B mepsom BapnaHTe Iony4yeHa Tab/yila MeKOTpacieBoro 6amaHca
3a 2018 1, KOTOpast JFOCTATOUHO TOYHO BOCIPOM3BOAUT PAaKTYPHYIO CTPYKTYPY
3aTpar 1 HOTpeO/meHys. ATperpoBaHHas MaTpMUIja MPAMBIX 3aTpaT, C YIeTOM
peryiapusanyy, ¢ XOpOLUIMM IPUOIIKEHNEM BOCIIPOM3BOLUT peaibHble 3aTpa-
TBI perrona 3a 2016-2018 rr. Bo BropoM BapuaHTe pa3dpoc MOmy4eHHbIX K09(-
(UIIMEeHTOB IPAMBIX 3aTpar 110 roiaM He npesbiniaer 10 %.

BriBoppl. [lonydyeHHblE OLIEHKM MaTpul, IPAMbBIX 3aTpaT JleOHTbeBa OTBEYa-
10T TPeOOBaHVSAM IIPOAYKTUBHOCTI U COATAHCUPOBAHHOCTH ¥ MOTYT OBITh JIC-
IIO/Ib30BAHBI /1A B MOJIE/IPHBIX 3a/la4ax aHa/lM3a M IPOrHO3a SKOHOMMUYECKOTO
passurus TiomeHckoit obmactu. ITpeaioskeH BapuaHT PYHKIMOHATBHON CXeMbI
OLICHKU 1 aHa/IM3a PACCOIVIACOBAHMUII 3asIB/ICHHBIX U (PaKTUYECKUX TPAeKTOPUIL
IIOKasaresiell i/i1 perroHa Ha OCHOBe MaTpuLibl JIeOHTbeBa.
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Introduction

Monitoring of regional development actually
comprises two different tasks: monitoring of the
deviation of a region’s development trajectory
from the desired one and minimizing this devia-
tion. There are quite a few documents regulating
regional reporting, ranging from strategies to de-
crees issued to governors and regional presiden-
tial representatives (Reshetnikov, 2008). At the
same time, the government has determined the
structure of the reporting indicators. After the UN
Conference on Sustainable Development, models
of sustainable regional development of regions
were devised, including various subsystems, in-
cluding the economic, social, infrastructural, in-
stitutional, environmental, household subsystem,
and sometimes the “human” subsystem (human
resources) (Bossel, 2001; Tsibulsky et al., 2004).
The regional and federal development strategies
are used to select the key subsystems and indica-
tors and their lists always include the indicators
prioritized by the regional political leadership.

It is these key indicators that form the trajec-
tory of the region’s development. It is quite easy to
estimate such trajectories by using official statisti-
cal data, but only for previous periods. To assess the
degree of fulfillment of the regional leaders’ obli-
gations regarding the development of their regions
by the end of the election period, it is essential to
predict the development trajectory in order to be
able to adjust the possible deviation of the actual
indicators from the desired ones in advance.

In this case, there is a need for a model that
could be used for predicting trends in regional de-
velopment, based on the available statistical data.

One of the solutions to the problem of mon-
itoring regional development is the Leontiev’s
input-output balance (IBM) model (1997) in the
schemes for analyzing and forecasting the balance
of a territory’s macroeconomics and its growth
trajectories (Miller and Blair, 2009). This trend is
attracting more and more interest due to the de-
velopment of modern data sourcing, data analysis
technologies and information technologies for in-
teraction between government and society.

The objective of this study is to build an IBM
table for Tyumen region using a selected set of
economic indicators and the available statistical
data. In order to reach this objective, an assess-
ment of the Leontiev input-output matrix must be
made, and the balance ratios of output indicators,
intermediate and final consumption, costs and
gross value added (GVA) must be calculated.

R-ECONOMY 4

On the one hand, the setup accuracy is de-
termined by the completeness of the statistical
data - the larger is the sampling range by year,
the more stable is the identification result. On the
other hand, the settings of the direct cost matrix,
averaged over long intervals, may not meet the re-
quirements for constant coeflicients, partially be-
cause of the specifics of the set of indicators. One
of the ways to solve this problem is to aggregate
the basic set of economic indicators and thus to
reduce the dimension of the input-output matrix
and assess it over a relatively short statistical sam-
pling period. This study considers various options
of the aggregation of the industry performance
indicators for Tyumen region’s subsystems, in-
cluding the household subsystem.

It should be noted that the results of our as-
sessment of the input-output matrix for the south
of Tyumen Region in the given period (2016-2019)
are published for the first time.

Theoretical framework

According to Auloge (1979), Wassily Leon-
tiev’s work made it possible to simplify the Walra-
sian equilibrium models, which explains the
Leontiev model’s popularity in macroeconomic
analysis. Sonis and Hewings (2001) point to the
increasing interest in such models in Japan, giv-
en their modification through the connection of
capital and labor. Percoco (2013) and Jensen et al.
(1991) discuss the experience of applying this class
of models in the strategic analysis of Europe. The
historical aspect of using input-output models for
the analysis of macroeconomic development in
Russia is shown by Masakova (2019). Baizakov et
al. (2016) consider the development of such stu-
dies in Kazakhstan. Researchers at the Far Eastern
State University have proposed a vector model of
regional development based on the input-output
balance (IBM) with an extension for investment
in each industry (Mashunin & Mashunin, 2016;
Borisov & Dondokov, 2019). The Institute of Na-
tional and Economic Forecasting of the Russian
Academy of Sciences developed a regional in-
put-output model, consistent with the federal
one, based on statistical data similar to the sys-
tem of national accounts (SNA) (Serebryakov et
al., 2002). Tsybatov (2015) proposed a model and
method for strategizing regional development by
using the case of Samara region. Beklaryan and
Pshenichnikov (2001) considered the develop-
ment of a region on the basis of its infrastructure.
Many researchers are considering various options
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for extending the IBM model to be able to take
into account the impact of investment on the de-
velopment of regions (Romanov, 2016, Wagner,
1993); regional clusters (Kuladzhi, 2016); and
the Russian Federation as a whole (Martynov &
Malkov, 2011). There are studies that create so-
cially oriented models (Dondokov et al., 2019);
use Miyazawa models (Dyrheev, 2017); and apply
matrices of financial flows (Tatarkin et al., 2017).

Sayapova (2008, 2011) demonstrates that re-
gional IBMs are used worldwide for forecasting
purposes, to identify priority sectors and, eventu-
ally, develop strategies and programs. For example,
in China, regional input-output tables are used to
harmonize the annual and five-year plans consi-
dering different activities and global events.

Sayapova explains that the main challenge
in the development of regional IBMs lies in the
need to devise a methodology for a single time
survey of enterprises producing goods and ser-
vices. Bashkortostan was used as an example to
show how the inputs (industry columns) and the
outputs were determined. When comparing the
resulting matrix for Bashkortostan with the refe-
rence matrix for the whole country, some coef-
ficients differed by 2 times (for the oil and gas,
machine-building industries). Sayapova makes
a conclusion about the relevance of single time
surveys and a carefully planned methodology for
their implementation.

The input-output method was applied for the
analysis of Siberian regions (Krasnoyarsk, Omsk,
Novosibirsk, etc) by the Institute of Economics
and Industrial Engineering, Siberian Branch of
the Russian Academy of Sciences (Mikheeva,
2006; Mikheeva, 2011).

To design the IBM model, it was proposed to
adhere to the methodology of “symmetrical ma-
trices” with a mandatory single-time survey of the
technological features of production and services
in the given region. It is noted that, in addition to
forecasting, symmetric matrices can be used to as-
sess the structure, diversity and volatility of the re-
gional economy. The concept of the algorithm for
designing the IBM tables lies in determining the
costs based on the results of analysis and in con-
struction of a diagonal symmetrical matrix based
on obtained results. In addition, it is assumed that
the technological coefficients used in forecasting
are assumed to remain unchanged in comparison
with the basic ones.

Shirov (2015, 2018) notes that although the
input-output methodology is one of the pinnacles
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of economic thought, there is a perceived scarci-
ty of such studies in Russia. In addition, he be-
lieves that the “input-output tables” are currently
the only tried and tested tool for building macro-
structural models of economic development.

Method and data

The basic equation of the input-output ba-
lance of production and consumption and the ac-
cepted symbols are as follows:

X, = Zbij +y., (1)

j=1
where x; is the gross output of the ith industry
(i=1,2,...,n), byis the volume of goods and ser-

vices consumed by the jth industry in the produc-
tion of the ith product, y; is the final demand for
the products of the ith industry.

If divided

a,=—(,y=12,...,n), (2
i (i y )
then the equation for the production and con-
sumption IBM takes the following form

n
x, =Y lax]+y, (3)
j=1
where a; are the coeflicients of the desired in-
put-output matrix A.
The balance of cost is determined by the
equation

X = 2[“zj]x1 tZ) (4)
i=1

where z; is the gross value added of the jth indus-
try (j=1,2,..., n).

The procedure for the construction and iden-
tification of matrix A recommended by the State
Statistics Service of Russia is to determine the
costs of production for selected industries and
then determine the proportions of distribution of
products for them and build a “reference” matrix
for the regions of Russia.

Accordingly, two alternative settings of the
input-output matrix are considered for the given
region:

1) to customize the input-output matrix by
using the reference matrix to the regional-level
statistical data - for the south of Tyumen region;

2) to build an aggregated matrix using the
average cost structure for Russia and the same
industries for Tyumen region, including house-
holds as a subsystem.
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Let us now give a brief description of the
economy of Tyumen region (especially its sou-
thern part) in relation to the above-described
task. Some of the region’s industries are chara-
cterized by the predominance of intra-regional
consumption, some by inter-regional consump-
tion. An example of the latter is the Tobolsk
Chemical Plant, which consumes condensate
supplied by a neighbouring region (Khan-
ty-Mansiysk Autonomous District) and rotates
its manpower. The oil industry in the region is
registered at the federal level but consumes man-
power at the regional level. The region’s main
manufacturing industries include oil produc-
tion, agriculture, refineries; the services, electric
power distribution, water supply, health care,
culture, transport, education and research. The
construction industry has made a significant
contribution to the development of the region in
the last decade. Based on the above, the analysis
used the SNA list, consisting of 14-15 industries
and “households” as the consuming industry.

There are two options for setting up the pro-
ductive matrix A, which differ in the set of indica-
tors, the way they are aggregated into subsystems,
and the method of setting them up according to
the available data. The breakdown by aggregated
industries is necessary, since the assessment of the
matrix for the full set of indicators given in the
statistical data cannot be reliably performed over
a relatively short observation period (2016-2019).

In the first option of constructing matrix A,
the subsystem of product production (PP) in-
cludes agriculture, mining and manufacturing;
the infrastructure subsystem (Inf.) includes pro-
duction and distribution of electricity, gas, water
and waste, construction, trade and other services;
the social subsystem (Soc.) includes education,
health care, culture and sports, the costs of ad-
ministrative management and the armed forces.

In the second option, the aggregation of in-
dustries is based on the following considerations:
the product production subsystem (PP) includes
agriculture, oil production and refining industries;
the infrastructure (Inf.) includes construction as
the most significant industry, both in terms of
creation and consumption; the social subsystem
(Soc.) includes all services, which, in most cases,
complies with the economic classifiers; the sub-
system of households (Household) is described by
the key indicator of the average salary by industry
and by subsystem. Leontiev supposed that it was
possible to include ‘households’ in the left side of

R-ECONOMY 4

the input-output matrix, i.e. matrix A. This idea
was further developed in more recent studies (Le-
ontiev, 1997; Sonis, 2001; Miller, 2009).

The structure of the productive matrix A with
selected subsystems will take the following shape,
where the structure of the matrix for the first op-
tion is highlighted in gray.

Table 1
Structure of the productive matrix
of the region by subsystems

Product Infra- . 1 | House-
Subsystem : Social
production | structure hold

Product

. a 11 a 12 a 13 a 14
production
Infrastructure a; () Ay ayy
Social a3 as) Q33 a3y
Household Ay () Ay Ay

Source: developed by the authors

It should be noted that while infrastructure
is not included in the costs in the case of IBM,
then, here, the infrastructure matters as a sub-
system of the region, including several industries
(in our case, construction). The methodology for
constructing matrix A in the first case follows
the recommendations of the State Statistics Ser-
vice and differs for different authors only in the
method of fitting or adjusting the indicators (co-
efficients) of the resulting matrix to the reference
matrix (Anloge, 1979). In the second case the to-
tal costs for subsystems in the shares of the total
volume are determined, and the coefficients of
the intermediate consumption matrix are evalua-
ted without fitting them to the reference matrix.

Given the above, the following considera-
tions should be made regarding the proposed ap-
proaches to assessing the input-output matrix of
Tyumen region:

1) The task of building the input-output ma-
trix can be addressed more efficiently through the
aggregation of the key indicators into subsystems,
which will help simplify the problem and meet the
requirement of the matrix coeflicients’ constancy
in the given period of the available actual data.

2) In the first option, the well-known ap-
proach to fitting a given input-output matrix
for Russia to the data sourced in the region in
the selected year is supplemented by linking the
adjustment results to averaged estimates restored
according to the least squares scheme (Govorkov
et al., 2021) for the given period (2016-2018).

3) The second option is based on the aggre-
gation of industries into subsystems based on the
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cost structure table for Russia followed by the
identification of the aggregated matrix, without
any intermediate adjustment of the result to the
standard.

4) Compliance with the balance ratios of the
input-output balance model ensures the accuracy
of the identification results.

Results

In the first variant of matrix A, the matrix
corresponding to the input-output table for Rus-
sia for 2006 was chosen as the reference one'.
The original system of headings (15 indicators
in the classification OKVED 2 (Russian Natio-
nal Classifier of Types of Economic Activity)) is
reduced to 14 indicators corresponding to the
SNA data for the south of Tyumen region (see
Table 2 below). The indicators were numbered
and grouped into four subsystems, where PP is
a subsystem, and PL is an index of economic ac-
tivity. Table 2 also presents the statistics of GRP
according to the SNA for Tyumen region for

! Table of supply and use of goods and services for 2006
https://gks.ru/free_doc/new_site/vvp/tab-zatr-vip.htm (date of
access: 01/13/22)

20182 The reference matrix of input-output coef-
ficients, compiled according to the input-output
coeflicients table for Russia for 2006, is presented
in Table 3.

The input-output matrix was adjusted by using
the SNA data for Tyumen region for 2018 and data
on the structure of disposition of the final product
from the input-output table for Russia for 2006.
Volumes of consumption b;; were calculated on the
basis of the reference input-output matrix and out-
put values x; according to the SNA. Input-output
coeflicients a;; were corrected on the basis of the
reconciliation of the estimated gross value added
(GVA) with the SNA data. The generated volumes
of final demand y; were adjusted by using the re-
ference structure of demand distribution presen-
ted in the input-output table (see Table 4).

The correctness of the adjustment was
checked by looking at the degree of the deviation
of the calculated GVA and actual statistical data —
the average deviation for all the 14 indicators does
not exceed 0.1%. At the same time, the distribu-

? Indicators of the system of national accounts in Tyumen
region (2015-2019). Statistical Digest. Department of the Fede-
ral State Statistics Service for Tyumen Region, the Khanty-Man-
siysk Autonomous District and the Yamalo-Nenets Autonomous
District. 2021. Tyumen. p. 93 (date of access: 01/13/22)

Table 2
Economic indicators, their grouping by subsystems and statistical data
for the south of Tyumen region for 2018
PP PL Output, | Intermediate | Gross value
No PP No Indicator billion |consumption, added, billion
) ) rubles | billion rubles rubles
Agriculture, forestry, hunting, fishing and fish farming 78.8 40.8 38
| Product 2 |Mining 281.6 26.3 2553
production
Manufacturing 830.5 601.6 2289
” Generation and distribution of electric power, gas and water, manage- 795 372 353

ment of waste collection and disposal, environment pollution elimination
8 |Construction 272.1 176.5 95.6

Wholesale and retail trade; repair of motor vehicles, motorcycles,

? household and personal appliances 2111 68.7 1424
2 |Infrastructure 10 |Hotels and restaurants 28.4 13.8 14.6
11 |Transport and communications 242.9 105.4 137.5
12 |Financial activities and insurance 6.7 2.6 4.1
13 v profesonsl sesereh and techonea actities | 2622 | 94 2029
Education 49.1 15 34.1
5 |Health care and social service delivery 50.3 16.9 33.4
3 |Social 6 Activities in the field of culture, sports, recreation and entertainment 116 78 38
management, and providing other types of services ) ) )
14 |State administration and ensuring military security; social insurance 58.5 24.9 33.6
Total 2456.3 1196.9 1259.5

Source: Table of supply and disposition of goods and services in Russia, 2006; indicators of the system of national accounts in
Tyumen region, 2021)
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tion of the final product reproduces the reference
structure of demand presented in the input-out-
put table fairly accurately. This factor can only
serve as an indirect indicator of the accuracy of
our calculations of the final demand volumes y;,
while cost balances are performed with a high de-

gree of accuracy. Further customization requires
the data on final consumption of manufactured
products by households, exports, and capital for-
mation, change in inventories, etc. for all indus-
tries, which are not provided in the available sta-
tistical sources.

Table 3
Matrix of input-output coefficients for Russia (2006)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.1884 | 0.0006 | 0.0523 | 0.0000 | 0.0012 | 0.0013 | 0.0670 | 0.0001 0 0.0007 | 0.0202 | 0.0202 | 0.0195 | 0.0082
0.0047 | 0.0627 | 0.1511 | 0.1629 | 0.0135 | 0.0103 | 0.0008 | 0.0241 | 0.0002 | 0.0035 | 0.0046 | 0.0050 | 0.0061 | 0.0030
0.2122 | 0.1010 | 0.3705 | 0.1304 | 0.4234 | 0.0714 | 0.2646 | 0.1868 | 0.0122 | 0.1171 | 0.2183 | 0.1163 | 0.2346 | 0.1470
0.0259 | 0.0301 | 0.0352 | 0.2480 | 0.0152 | 0.0088 | 0.0177 | 0.0339 | 0.0099 | 0.0253 | 0.0236 | 0.0684 | 0.0504 | 0.0420
0.0029 | 0.0133 | 0.0061 | 0.0206 | 0.0135 | 0.0016 | 0.0068 | 0.0204 | 0.0012 | 0.0142 | 0.0377 | 0.0169 | 0.0131 | 0.0085
0.0027 | 0.0011 | 0.0011 | 0.0013 | 0.0030 | 0.0253 | 0.0019 | 0.0088 | 0.0010 | 0.0044 | 0.0013 | 0.0009 | 0.0020 | 0.0059
0.0001 | 0.0004 | 0.0004 | 0.0005 | 0.0012 | 0.0005 | 0.0004 | 0.0019 | 0.0005 | 0.0014 | 0.0095 | 0.0075 | 0.0145 | 0.0013
0.0260 | 0.0412 | 0.0311 | 0.0221 | 0.0338 | 0.1343 | 0.0082 | 0.0923 | 0.0026 | 0.0161 | 0.0653 | 0.0096 | 0.0183 | 0.0335
0.0049 | 0.0083 | 0.0082 | 0.0144 | 0.0072 | 0.0111 | 0.0056 | 0.0122 | 0.1336 | 0.0071 | 0.0001 | 0.001 | 0.001 | 0.0061
0.0085 | 0.0441 | 0.0302 | 0.0428 | 0.0473 | 0.0923 | 0.0601 | 0.0964 | 0.0615 | 0.1108 | 0.1092 | 0.04 | 0.0143 | 0.0888
0.0002 | 0.0002 | 0.0010 | 0.0038 | 0.0009 | 0.0055 | 0.0003 | 0.0013 | 0.0003 | 0.0019 | 0.0005 | 0.0007 | 0.0013 | 0.0035
0.0001 | 0.0003 | 0.0002 | 0.0006 | 0.0003 | 0.0001 | 0.0001 | 0.0007 | 0.0017 | 0.0006 | 0.0004 | 0.0035 | 0.0007 | 0.0009
0.0017 | 0.0002 | 0.0001 | 0.0002 | 0.0001 | 0.0001 | 0.0003 | 0.0007 | 0.0014 | 0.0001 | 0.0013 | 0.0029 | 0.0043 | 0.0037
14 0.0002 | 0.0002 | 0.0005 | 0.0012 | 0.0018 | 0.0004 | 0.0034 | 0.0007 | 0.0002 | 0.0193 | 0.0330 | 0.0063 | 0.0086 | 0.0392

Source: Table of supply and disposition of goods and services in Russia, 2006, edited by the authors)
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Table 4
Interindustry balance table adjusted according to the system of national accounts
for the south of Tyumen region (2018)

Industries as consumers

Final
de-
mand

Out-
put

Indus-
trial
con-

sump-
tion

48.56
221.63

1 2 3 7 8 9 10 11 12 13 4 5 6 14

16.614/0.054| 18.206 | 5.68 | 0.045
0.404 |8.483]197.120| 0.066 | 8.907
18.170/8.823|338.932|22.439|66.839

1 0.001
2

3

7 10.009 (0.032| 0.368 | 4.778|0.718
8

9

0.073
3.675

0.031|4.053 |0.177| 2.975 10.001| 0.035 |0.029|0.524
0.150| 0.917 |0.043| 0.934 |3.791| 0.409 |0.222|0.189
6.547/61.157/1.018|35.711|3.034/12.826|1.537|9.343 589.76
0.155]0.059| 1.903 |0.066| 2.203 |0.011| 0.037 | 0.01 | 0.08 10

0.7881.941|13.064|0.084| 2.792 |0.514| 1.024 |2.889|2.132 123.34
55.779/0.307| 0.012 |0.009| 0.160 |0.335| 0.219 |0.239|0.386 70.84
3,350 0.858| 3.934 |0.063| 0.392 |0.179| 0.258 |0.358|1.016 23.28
0.085(0.082]0.164 |0.006| 0.2 |0.087|0.028 |0.118/0.224 3.17
0.52 ]0.025| 0.079 |0.155| 0.105 |0.014| 0.009 |0.003|0.056 1.60
0.436 |0.005] 0.250 |0.026] 2.578 |0.005| 0.004 |0.002|0.235 4.07
2.993 |1.305| 4.727 |0.599]| 7.665 |6.347| 0.46 |0.189|2.667 46.24
0.34910.611| 7.538 |0.148| 1.996 |0.479| 1.231 |0.034|0.538 27.99
0.314] 0.19 | 0.255|0.008| 0.301 |0.030| 0.090 |2.176|0.373 8.45
0.065 |1.660| 6.609 |0.055| 1.301 |0.028| 0.054 |0.008|7.476 17.96
1196.9

30.24
59.97
240.74
62.5
148.76
140.26
5.12
239.73
5.10
258.13
2.86
22.31
3.15 | 11.6
40.54 | 58.5
1259.4|2456.3

78.8
281.6
830.5

72.5
272.1
211.1

28.4
242.9

6.7
262.2
49.1
50.3

2.223|3.598| 27.047 | 0.694 |64.347
0.42 0.721| 7.153 | 0.479 | 4.510
0.13 [0.693| 4.731 | 0.918 | 6,400
0.021 |0.018| 0.905 | 0.021 | 0.476
0.007 10.028| 0.195 | 0.010 | 0.253
13/ 0.149 |0.017| 0.113 | 0.022 | 0.245
412.217|2.632] 0.306 | 1,500 |12.494
510.249 |1.163| 5.339 | 0.575|7.536
610.231]0.092| 0.989 |0.159 | 3.263
14/ 0.016 |0.022| 0.463 | 0.291 | 0.257

Indus-
tries |10
as pro-|11
ducers 12

Total

Produc-
tion costs
Added
value

41 |26.3 |601.58| 37.2 |176.49| 68.69 |13.77|105.39| 2.6 |59.30| 15 |16.89|7.79 |24.89/1196.9| =

37.8 |255.3|228.92| 35.3 | 95.61 |142.41/14.63|137.51| 4.1 |202.90| 34.1 | 33.41 | 3.81 |33.61|1259.4 =

78.8 |281.6| 830.50 | 72.5 |272.10/211.10/28.40|242.90| 6.7 |262.20| 49.1 | 50.30 |11.60|58.50/2456.3 =

Source: Table of supply and disposition of goods and services in Russia, 2006; indicators of the system of national accounts in
Tyumen region, 2021; developed by the authors
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Further correction and adjustment of the ma- Table 5
trix is performed by using the least squares iden- ~ The aggregated matrix of input-output coefficients
tification scheme (Govorkov et al., 2021). To this for the first option
end, the original matrix was aggregated over three Subsystem 1 2 3
subsystems (see Table 1). The resulting matrix im-  |PP 1 0.5237 | 0.1949 | 0.1868
age was used as a regularizer in the least squares  |Inf. 2 0.0415 | 0.1609 | 0.0615
identification scheme according to the SNA data  [Social 3 0.016 | 0.0572 | 0.1325
for 2016-2018. The matrix of aggregated costs by Source: the authors’ calculations
subsystems obtained as a result of identification
(see Table 5), having the properties of productivity 800 T T T 5
(the maximum eigenvalue is 0.553; the maximum 700 | — 14.5
sum along the columns is 0.576), reproduces the 600 1 14
actual costs for the specified period with a good —] ] 13.5
approximation (see Fig. 1 — the average deviations 200 N 13
of costs for subsystems do not exceed 5%). 400 ] 12.5

We are now going to consider the second vari- ~ 5,,| 2
ant of matrix A. By using the table “Structure of 115
costs for production and sale of products (goods, 200 11
works, services) by type of economic activity 100} los
(2017-2019)*, we determine the share of costs by 0 1M ] 1 1o
subsystems, averaging over the industries includ- 1 2 3

ed in them. Knowing the coefficients of matrix a

jj>
we determine sz-

* Indicators of the system of national accounts in Tyu-
men region (2015-2019). Statistical Digest. Department of the
Federal State Statistics Service for Tyumen Region, the Khan-
ty-Mansiysk Autonomous District and the Yamalo-Nenets Au-
tonomous District. 2021. Tyumen. p. 93

Figure 1. Diagrams of measured (blue bars) and
reconstructed (red bars) aggregated costs (marks
on the left y-axis) and the average deviation
between them (asterisks, marks on the right
y-axis) for 3 subsystems (x-axis) for 2016-2018

Source: indicators of the system of national accounts in
Tyumen region, 2021; authors’ calculations
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Table 6
Breakdown by subsystems and intermediate consumption (bln rubles)
of the main industries in the south of Tyumen region
Subsystems | Industries included in the subsystems (intermediate consumption in billion rubles) | 2017 | 2018 | 2019
Product Agriculture, forestry, hunting, fishing and fish farming 364 | 40.8 | 43.2
production | Mining 26.1 | 26.3 | 27.1
Manufacturing 527.1/601.6| 567
Infrastructure | Construction 132.8|176.3|123.6
Social Supplying electric power, gas and steam 25.8 | 285 | 31.1
Water supply, water disposal, waste collection and disposal management; environment | 6.8 | 8.7 | 54
pollution containment activities
Wholesale and retail trade, repair of motor vehicles and motorcycles 68.8 | 68.7 | 66
Transport and storage 96.2 | 94.7 |114.3
Hotel and catering business 129 | 13.8 | 144
Activities in the field of information and communication 9.6 | 10.7 | 10.7
Financial and insurance business 3.6 | 2.6 3
Real estate business 17.3 | 16 | 27
Professional, research and technical activities 26 | 28.9 | 56.3
Education 14 | 15 | 194
Activities in the field of health and social services 14.2 | 169 | 17.5
Activities in the field of culture, sports, recreation and entertainment management 1.7 | 78 | 87
Delivery of other types of services 258 | 1.9 | 21
Household  |Salaries and enrolments 310.5|278.5|324.9

Source: indicators of the system of national accounts in Tyumen region, 2021; Statistical Digest of Tyumen region (except for
the Khanty-Mansi Autonomous District — Yugra and the Yamalo-Nenets Autonomous District) in 2 parts, 2020
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Table 6 shows the intermediate consumption
data for selected industries for 2017-2019. To fill
in the row related to households, the data of the
statistical yearbook for Tyumen region (2020)
were used, namely, tables of average headcount
and wages by industry*.

Summing up the output and consumption by
industries in each subsystem, we obtain aggregat-
ed indicators by subsystems (see Table 7).

The calculation of the coefficients of the pro-
ductive matrix was carried out according to the

* Statistical Yearbook: Statistical Digest. Tyumen region
(except the Khanty-Mansi Autonomous District - Yugra and
Yamalo-Nenets Autonomous District) in 2 parts, 2020. Tyu-
men. (Part II pp. 45, 71).

order recommended by the State Statistics Service:
we calculated the cost shares for each subsystem
(columns), then multiplied them by the coeflicient
equal to the ratio of consumption to output of the
subsystem. Household consumption is assumed to
be equal to income taken as the average wage by
subsystem, in other words, it was assumed that the
fourth column does not include the consumption
created by the households themselves.

Table 8 shows the coeflicients of matrix A and
the cost structure by aggregated subsystems for
2017-2019.

By averaging over the estimated years, we ob-
tain a productive matrix for subsystems according
to the second adjustment option (see Table 9)

Table 7
Aggregate outputs and consumption (billion rubles) by subsystems
2017 2018 2019
Subsystems . . -
consumption output consumption output consumption output
Product production 589.6 955.9 668.7 1184.8 673.3 1088.9
Infrastructure 132.8 215.1 176.3 271.4 123.6 210.1
Social 304.2 880.1 314.2 947.3 307.8 1015
Household 310.5 2155 278.5 2519 324.9 2430
Source: indicators of the system of national accounts in Tyumen region, 2021; authors’ calculations
Table 8

Input-output coefficients of the Leontiev model for the south of Tyumen region for 2016-2019,
estimated on the basis of the cost structure by industry

2017
Input-output coefficients Shares of costs by subsystems (%)
Subsystem PP Inf. Soc. Household PP Inf. Soc. Household
Product production 0.355 0.357 0.12 0.013 58 58 35 10
Infrastructure 0.05 0.019 0.02 0.025 8 3 6 19
Social 0.145 0.123 0.11 0.034 23 20 33 26
Household 0.062 0.12 0.09 0.059 10 19 26 45
2018
Input-output coefficients Shares of costs by subsystems (%)
Subsystem PP Inf. Soc. Household PP Inf. Soc. Household
Product production 0.31 0.37 0.116 0.012 56 57 35 10
Infrastructure 0.045 0.02 0.02 0.023 8 3 6 19
Social 0.143 0.13 0.11 0.028 26 20 34 23
Household 0.056 0.123 0.078 0.056 10 10 23 47
2019
Input-output coefficients Shares of costs by subsystems (%)
Subsystem PP Inf. Soc. Household PP Inf. Soc. Household
Product production 0.35 0.32 0.12 0.013 56 54 40 10
Infrastructure 0.05 0.015 0.018 0.026 8 2.6 5.9 20
Social 0.15 0.124 0.09 0.03 25 21 31 22
Household 0.06 0.13 0.066 0.06 10 22 22 48

Source: indicators of the system of national accounts in Tyumen region, 2021; Statistical Digest of Tyumen region (except for the
Khanty-Mansi Autonomous District — Yugra and the Yamalo-Nenets Autonomous District) in 2 parts, 2020; authors’ calculations
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Table 9
Coefficients of the aggregated input-output matrix
for the second option

Subsystem 1 2 3 4
Product production | 1 | 0.338 | 0.349 | 0.119 | 0.013
Infrastructure 2 |0.048 | 0.018 | 0.019 | 0.025
Social 3 |0.146 | 0.126 | 0.103 | 0.031
Household 4 | 0.059 | 0.124 | 0.078 | 0.058

Source: the authors’ own calculations

The productivity indicators in this case are
as follows: the maximum eigenvalue is 0.45; the
maximum sum along the columns is 0.617.

Discussion and Implications

Based on results of the research, it can be
concluded that the main research problem was
solved by using two options for Leontiev’s in-
put-output matrices adjustment according to
the aggregated economic indicators for Tyumen
region. In the second option, households were
directly included in the structure of produc-
tion and consumption. The resulting coefficients
(a;) of the aggregated matrix in the first option
reproduce the actual cost for 2016-2018 with
acceptable accuracy, and in the second option
they are quite stable over the analyzed period
(2017-2019) even with a significant fluctuation
in consumption. In addition, the conditions for
the productivity of input-output matrices are
met for both customization options.

Thus, the proposed options for setting up an
input-output matrix by aggregated indicators can
be used to update the input-output models to an-
alyze and forecast the economic development of
Tyumen region. It is possible to build a functional
model for assessing and analyzing discrepancies
between the declared and actual trajectories of the
indicators for a given region (see Fig. 2).

The following notation is used in Figure 2:

— x5(k) is the reference strategy for regional
development;

— A, is the economic structure of the given re-
gion (initial representation);

— z5(k) is the expected total volume of costs in
the case of the implementation of the plan accord-
ing to A, structure: z5(k) = Asx(k);

- x(k), z(k) are the observed statistics on the
outputs and costs of the actual state of develop-
ment of the region;

— A is the actual production structure of
the region, which determines the connection
z(k) =Ax(k), while the actual status of A is un-
known, yet A, is our a priori idea of A;

— A is the current assessment of the real pro-
duction structure of the region, obtained by U
identifier based on the results of processing the
actual sata (x(k), z(k), k € {1, 2, ...}), where k is
the number of the year in the statistical sample,
ie. A = U(x(k), z(k), k € {1,2, ...}).

It is assumed that estimate A is more in line
with actual A than the original representation A,
ie. |[A-Al<lA-A,l In A conditions for the
achievement of x(k) > x,(k), the structure and
volume of costs should be evaluated by using the
actual data, i.e.

2, (k) = Ax(k), (5)

where z,(k) is the estimated cost that is used as
a reference outcome trajectory.

The desired discrepancy between the declared
and actual development trajectories of the region in
terms of costs and outputs will be assessed as follows:

- Ax(k)= x (k) - x(k) is the observed non-ful-
fillment of the plan;

- Az(k) = z,(k) - z(k) is the assessment of the
reasons for non-compliance and required cost ad-
justment.

» A »Z,(k)
x5(k) > A, 7 R > z,(k)
_\ »Ax(k)
—b@—PAZ(k)
U
IV I N I B GO IR

Figure 2. Structural diagram of the functional model for assessing the indicators
of regional development and their comparison with the actual data
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The proposed solution can be tested as a soft-
ware tool for the analysis of a planned develop-
ment strategy, for modeling of the key economic
indicators and comparison of the planned out-
comes with the actual regional statistical data.
This tool provides an opportunity to control not
only the compliance of the actual trajectories of
regional development with the declared trajecto-
ries, but also the capability of the regional govern-
ment to adjust these key indicators depending on

the directives issued by the federal government
and the President. In the future, the model and
software package can be upgraded to take into
account additional economic, social and infor-
mation factors. In future research, the model and
software can be further improved to give due re-
gard to other economic, social and information
factors of regional development and thus be used
to assess the performance of regional governors,
including the level of citizen satisfaction.
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