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Abstract. The main problems of constructing multiregional input-output (I0) models
used for the development of spatial and sectoral long-term national economy forecasts
are caused by the absence of proper statistics. Therefore, it is necessary to make up the
input-output tables (IOTs) based on a limited set of direct and indirect indicators that
measure spatial patterns of production, consumption, capital formation, etc., sufficiently
accurate for filling up multiregional 10 models. The paper discusses Russian IOT spatial
mapping problems and proposes an approach to partial automation of the procedures
necessary for regional IOT construction (by federal districts). The regionalization was
carried out using a static IO model with the bounding sum control. As a result, a set of
consistent regional tables for 2015 was developed, with the eight IOT sum equalling
Russia’s IOT. Based on the estimated regional IOTs, a static multiregional input-output
model (OMIOM) across federal districts for 2015 was made up. The model allows us to
proceed to the follow-up phase, i. e., developing a semi-dynamic model for long-term
national economic projection computations.
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“Uncmumym 5KOHOMUKU U OPeAHU3AYUY
npomsiuiiennozo npoussoocmea CO PAH
Poccutickas ®eoepayus, Hosocubupck
"Ho60cubupckuil HAyuOHAIbHbLI UCCIe008AMENbCKULL
20cy0apcmeentblll YHugepcumen

Poccutickas ®eoepayus, Hosocubupck

AHHoTaums. [1aBHbIe TpOOIEMBbl HOCTPOCHUS MEKPErHOHAIBHBIX MEKOTPACIIEBBIX
MoJeJIel, HCIONB3yEeMBIX [UIS pa3paOOTKH MPOCTPAHCTBEHHOTO M OTPACICBOTO Pa3pe30B
JIOJITOCPOYHBIX HAPOIHOXO3SHCTBEHHBIX IPOTHO30B, 00YCIOBICHBI OTCYTCTBHEM B ITOIHOM
00beMe MPSIMBIX CTAaTUCTUYECKUX JaHHBIX, T. €. PETHOHAJIBHBIX TaOIUI] paclpeneeHus
TOBApOB U yCIyT. PacdeT 3THX TaOIHI] IPUXOOUTCS OCYIIECTBIATE HCXOMIS U3 OT PAHUUCHHOTO
Habopa OpsIMBIX U KOCBEHHBIX IOKa3aTejeil, KOToOpble MO3BOJISIOT ONPEAEIUTh
MIPOCTPAHCTBEHHBIE CTPYKTYPHI IPOU3BOJICTBA, TOTPEOICHHUS, HAKOIUICHUSI OCHOBHOTO
KanuTaja U T. II. ¢ TOYHOCTHIO, JOCTAaTOYHOM JUIsl JajJbHEHIIero uX UCI0JIb30BaHUs
B HH(OPMAIIMOHHOM HAITOJTHEHUH MEKPETHOHAIBHBIX MEKOTPACIEBEIX Moeniell. B crarpe
paccMaTpHuBarOTCs MPOOIEMBI IIPOCTPAHCTBEHHON Pa3BEPCTKH OOMIEPOCCUICKOH TaOIHUIIBI
«3aTpaTbl-BBIIYCK» U IpelaraeTcs aBTOPCKUM MOAX0/1 K YaCTUYHON aBTOMAaTU3alluu
MpoIeAyp, HEOOXOAMMBIX IJISI IOCTPOCHHUS COBOKYITHOCTH PETHOHAIBHBIX TaOIUII
(o penmepanbHBEIM OKpyTaM). PernoHanmm3anus mpou3BOJHIACE C TIOMOIIBIO CTATHIECKON
MEXXOTPACIIEBON MOJEIH ¢ KOHTPOJIEM OKaUMIISIOIINX UTOrOB. B pesynbrare Obu1 nosydeH
Ha0Op HEIIPOTHBOPEUYUBBIX PETHOHATBHBIX TAOMHII 110 cocTostHAIo Ha 2015 1. — cymma
BOCBMH TaOIIHII «3aTPaThI-BBITYCK» TOYHO COBIIAIAeT C 00IIepocCHiicKoit Tabmueii. Ha 6ase
TaKUX OIICHOYHBIX PErHOHANBHBIX TaOIHI] OBLIA TOCTPOCHA CTATHUCCKAST MEKOTPACIIEBAS
MEKpernoHaIbHAs MOJENE B pa3pese denepanbHbx okpyroB PO 3a 2015 ., HeoOxoxanmast
JUTS BBITTOJTHEHUS! TIOCIIETYIOMIETO dTara padoT — pa3padoTKU MOTyANHAMITYECKOH MOJICITH,
UCIIOJIBb3yEeMOI 711 pacyeTa BapHUaHTOB JI0JITOCPOUHBIX HAPOAHOXO3AHCTBEHHBIX IIPOTHO30B.

KuroueBble ciioBa: Me)KpernoHaibHbIe MEXKOTPACIeBble MOJIeNH, (eepaibHbIe OKpPYTa,
BUJIbI SKOHOMUYECKOH JeSITEIbHOCTH, TA0JHIIA «3aTPATHI — BBIITYCK), TAOJIHUIIBI PECYPCOB
U MCIIOJIb30BAHUS.
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Introduction

The diversity of economic and social
conditions, the enormous regional differentiation
by the level of socioeconomic development,
and the importance of a background for the
efficient common economic space require
accounting for industry-specific and spatial
aspects in forecasting and socioeconomic
analysis. In its turn, that presumes the use of
adequate analytical and prognostic tools. Such
studies examine the established trends and their
causes and identify the objective, long-term,
accidental, short-term factors among them. This
is the primary research domain of the Institute
of Economics and Industrial Engineering
(IEIE) SB RAS, preceding further regional
economic forecasting studies (Ershov, 2020;
Kuleshov et al., 2013; Ershov, 2016; Ershov,
2015). Many authors representing other research
centres also pay much attention to the spatial
aspects of Russia’s economic development
(Ershov, 2020; Mikheeva, 2017). The crucial
factor shaping the fundamental economic
development trends in different regions is their
specialization. Therefore, in-depth analysis is
impossible without considering the sectoral
structure and the specifics of interregional
relations (Mikheeva, 2006). Multiple authors
agree on the decisive role of the national factors
(Mikheeva, 2018) in the regional economic
development, and, at the same time, on the
significant impact made by certain regional
factors that differentiate the economic growth
rates, especially in the crisis periods, to a
considerable extent (Ershov, 2012; Granberg
et al., 2011).

Apart from the traditional long-term fore-
casting of the Russian economy in the sectoral
and spatial aspects, the Institute of Economics
and Industrial Engineering pursues a rather
unique line of research regarding the specif-
ics of interregional interactions that cannot
be defined without adequate economic-and-
mathematical tools: coalition analysis, en-
abling to assess the level of complementarity
and interdependence between regional econo-
mies, and studies aimed at searching the state
of equilibrium and the essence of multiregional
systems [Suslov et al., 2019; Vasil'ev, Suslov,
2011; Vasil’ev, Suslov, 2010).

Economic forecasting is not the only do-
main in which the input-output models of na-
tional and multiregional statements can be
used. They form the basis for studying such
aspects, as, for instance, prediction and analy-
sis of gas emissions (Li, Li, 2020; Wang et al.,
2020; Xin et al., 2020) and related energy inter-
linkages across regions (He et al., 2019; Liu et
al., 2021) or investment efficiency assessment
(Mikheeva et al., 2011).

Obviously, the quality of the results ob-
tained using multi-regional input-output mod-
els (MIOMs) depends directly on the validity
of their content. At present, the model-software
complex of the Institute comprises several
interrelated models. A static multi-regional
input-output model is essential as an optimiza-
tion model (OMIOM). Moreover, it serves as a
foundation for all other structures.

The primary purpose of the model-
software complex (MSC) is to coordinate
the macroeconomic, sectoral and regional
long-term forecasts regularly, experimentally
estimate the predicted scenarios for the de-
velopment of the Russian national economy,
and assess the role of territorial and foreign-
economic factors in shaping the spatial struc-
ture of the economy (Granberg et al., 2007).

A previously developed MSC was used as
a blueprint for this work. Along with a point
IOM, it comprises two spatial IOMs covering
40 types of economic activities' (further on re-
ferred to as sectors); i. e., a static (2013) multi-
regional model across8 federal districts for the
base year 2013, and a semi-dynamic multi-
regional model covering the period up until
2030. The models were filled with information
manually.

After Rosstat published the I0Ts for 2015
and the Ministry of Economic Development
presented the macro-indicators of national eco-
nomic development until 2036, accelerating the
procedures for filling up the informational con-
tent of the models became an urgent task.

The paper outlines the main results of
building a 2015 static MIOM for the Russian
Federation and entering current information
into the models. Besides being valuable on

' According to OKVEDI.1 (Russian National Classifier of
Types of Economic Activity).
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their own, these results also constitute a neces-
sary step for the scheduled work on estimating
sectoral and spatial scenarios for long-term na-
tional economic forecasts.

Filling up a static multiregional
input-output model (base year problem)

Since the official statistical data in Russia
lack a regional IOT system, the regionalization
of such tables broken by federal districts is a
priority in the OMIOM building. Here, the base
tables were regionalized based on the nation-
al tables of resources and the use of goods and
services in 2015, compiled by Rosstat (Feder-
al’naia sluzhba gosudarstvennoi...).

The regional IOT accessibility issue is
not unique for the Russian statistics. In Bra-
zil and China, for instance, regional reporting
tables are compiled regularly, while in many
countries, including Russia, they do not exist
(Kuleshov et al., 2013; Suslov et al., 2017). For
this reason, there is a need for multiple assess-
ment methods that do not require enterprise
surveys. The most popular methodology is
based on location quotients. In line with this
algorithm, relative-share ratios in the regional
and national economy sectoral structure are
calculated. If the figure is less than 1, it al-
lows applying the national direct input coef-
ficient to the relevant cell of a regional table.
On the other hand, if the allocation quotient
exceeds 1, the national coefficient is increased
proportionately to be used in a regional table
(Kuleshov et al., 2013). A. Saiapova suggest-
ed her own regional table building method
for Bashkortostan (Saiapova, Sutiagin, 2001).
N. Mikheeva describes an IOT assessment
methodology and results for the Russian Far
East (Mikheeva, 2005).

For the estimation of regional 10Ts for
2015, the IEIE SB RAS methodological ap-
proaches were used (Ershov, 2011).

The calculation of the regional IOT indica-
tors begins with a sectoral classifier selection.
In this study, the indicators were calculated
across 46 sectors of regional economies.

The classifier was selected because
OKVEDI.1 (the basis for the Russian table of
resources and use of goods and services of
2015) aggregates some types of activity (sec-

tors of the economy) that differ in the structure
of production costs and production geography.
Therefore, our classifier separates such activ-
ities (sectors) as «production of coke and pe-
troleum products» and «ore miningy». Ferrous
and non-ferrous metallurgies are separate for
the same reason. Such aggregates were de-
composed pro rata the value of the dispatched
products.

The following critical stage of the study
was to calculate regional output indicators
currently published by Rosstat only as a com-
mon value for Russia.

There can be no unified method for the
spatial allocation of output indicators; the dif-
ferences between the approaches are caused by
the difference in the content of the data provid-
ed by statistical sources. The main principles
for calculating regional output indicators are as
follows:

1. Distribution proportionately to the
amounts of the value-added (VA). This method
is appropriate for education, healthcare, public
administration, and other services that cannot
have significant cross-regional differences in
terms of the value-added to the output ratio,
as well as in the structure of intermediate con-
sumption. Additional information, such as spa-
tial employment structure (Elektronnye tablitsy
statistiki RF...), spatial tax revenue structure
(without VA tax and excise duties) (FNS [Fed-
eral Tax Service]...) (the latter is very close to
the spatial VA structure) is important for public
administration, where a part of the VA is not
broken down by regions.

2. The estimates are based on indirect data
without reference to any published regional VA
data. This approach is employed for the finan-
cial activity where only 10—15 % of the total
Russian VA is broken down by regions; the re-
gional figures are calculated based on employ-
ment and tax statistics.

3. Breaking down pro rata to incomplete
regional output data. This principle is used for
agriculture: although all publications on agri-
cultural production are claimed to cover «all
categories of enterprises», the sum of regional
outputs does not equal the total national out-
put presented in the national accounts (Regiony
Rossii. Sotsial no-ekonomicheskie...).
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4. Breaking down pro rata physical pro-
duction indicators. This approach applies to
mono-sectors, and it turns out that the actual
breaking down by regions is based on the aver-
age prices in Russia; however, it only improves
the consumer qualities of the mathematical
apparatus, although the obtained input values
may deviate from the official figures due to use
of region-differentiated prices in the calcula-
tions. Furthermore, breaking down pro rata
physical production (extraction) can also result
in deviation from the official input data («quan-
tity of dispatched goods...») because the latter
account for commercial products only. Conse-
quently, the data in value terms may lack, for
instance, information about coke production in
a particular region if fully intended for in-plant
turnover.

The principle of breaking down pro rata
physical indicators is used for fishery and fish
farming, coal, oil, gas, ferrous metal ore, coke,
petrochemical production, electric and heating
power generation (Regiony Rossii. Sotsial no-
ekonomicheskie...; Elektronnye tablitsy statis-
tiki RF...).

5. Breaking down pro rata «quantity of
dispatched products...» (Federal naia sluzhba
gosudarstvennoi statistiki...) means direct mul-
tiplication of the total outputs by the regional
shares of dispatched products, if nearly all
products are produced by organizations (legal
entities). It is established by comparing the total
employment in a particular sector and the av-
erage annual number of the persons employed
by organizations. If the difference between the
total employment and the average annual head-
count of organizations is significant, and if the
cross-regional difference in the ratio is high,
the difference between the total output and the
sum of outputs over organizations is defined at
the national level. Assuming that the workforce
productivity between the organization employ-
ees and others is the same, regional indicators
on the dispatched products are counted up.

Besides manufacturing sectors, this meth-
od is also applied to construction. Indices on
construction volumes, published by regions, re-
late to contractors only. Overall, it covers only
around 60 % of the Russian construction sec-
tor output. Moreover, the proportional increase

of regional indicators may distort the actual
spatial structures due to considerable cross-
regional differences in employment ratio in
construction entities to the overall employment
in the construction sector.

A similar approach is also used for the
spatial output allocation in «Operations with
real estate, ... «

6. For land transportation, pipeline, and
communication sectors, the national output is
broken down proportionately to the detailed
data from the «I11» corporate output statistical
form. For this method, major errors are unlike-
ly since the share of individual entrepreneurs
and households in such sectors is insignificant.

Another essential stage in building up re-
gional IOTs is estimating regional consump-
tions and the final household consumption
structure.

There are various approaches to be used
for the spatial breakdown of this indicator:

1. Breaking down pro rata regional out-
puts. This principle underlies consumption
estimates for healthcare, education and simi-
lar services since nearly 98 % of products in
such sectors fall on final consumption, and the
expenditures for intermediate consumption in
other sectors are small.

2. Breaking down pro rata incomplete
data about regional consumption. Such data
are published on electric power consumption
(in physical terms) as well as consumption
of postal and telecommunications services
(in purchase prices) or tour services.

3. Breaking down pro rata personal in-
come data. It applies, first of all, to the sectors
where outputs depend heavily on the purchas-
ing power of the population (agriculture, food
and light industries, trade and transportation
service and so on) (Regiony Rossii. Sotsial no-
ekonomicheskie pokazateli...).

4. Estimates based on indirect data. The
approach is used for financial operations: re-
gional indicators are calculated based on distri-
bution indicators on credit institutions and their
branches in federal districts provided by fiscal
control bodies (Regiony Rossii. Sotsial no-
ekonomicheskie pokazateli...).

5. Estimates based on the national table of
resources and use of goods or services (Fed-
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eral’naia sluzhba gosudarstvennoi statisti-
ki...). For instance, if household consumption
of some mining sectors is missing, the regional
consumption is assumed as zero.

Final consumption expenditures of gov-
ernment agencies include expenses for col-
lective services (more 95 % of which is the
consumption by the government agency and
the maintenance of the national defence) and
individual services (where around 90 % fall
on education, healthcare and others, name-
ly physical training, social security, art and
culture). In such sectors, expenditures for in-
termediate consumption in other sectors are
small, accounting for approximately 3—4 % of
the output; therefore, it would be reasonable to
assume that the proportions will be the same
in each region (Granberg et al., 2007). Thus,
the final consumption expenditures of gov-
ernment agencies in such intangible service
sectors in each region can be determined pro
rata regional outputs. Regional expenditures
in other sectors are determined following the
spatial structure of the final household con-
sumption.

Fixed capital investment data in the
IO0Ts are broken down by three sectors: ma-
chine engineering, construction, real estate op-
erations, lease and services (R&D and related
drilling). The available statistics (Elektronnye
tablitsy statistiki RF...) allows us to break down
the aggregated fixed capital by the above three
positions; the data are incomplete but close to
the cumulative investments; the total can be
reached through pro rata increase of all the
three elements.

We applied the following approach to esti-
mate the export/import spatial structure:

1. For tangible sectors, direct customs
statistics from federal districts were used
(Tamozhennoe upravlenie...).

2. For intangible services, export was es-
timated pro rata the data on regional outputs,
and import was evaluated pro rata the data on
regional final household consumption.

In the initial breaking down of regional
intermediate consumption by sectors for all
regions, nationwide technical coefficients (in-
termediate consumption per unit) were used,
based on the national goods and service con-

sumption table for 2015 (Federal naia sluzhba
gosudarstvennoi statistiki...).

As a result of the above-described proce-
dures, estimated approximated regional 10Ts
are generated. Naturally, such initial estimates
may be misaligned with regard to particular
sectors. Eliminating such disbalance is the next
step. For some sectors, disbalance will be insig-
nificant due to the selected method and require
simple formal balancing techniques. In case of
a considerable disbalance, non-formalized ex-
pert assessments are necessary.

Balancing regional input-output tables

If e/ is the disbalance in the output of
goods (services) in sector i in a region r, then
n

e{:x{—za{,.x;—a;zr—zx?+

j=1 S#T
ST rk kr .
S#ET
Notation:

x] — output of products (services) in sector
i in region r;

z" — final consumption in region r;

x{ — deliveries of sector i products from
region r to regions;

x{ — deliveries of sector i products from
region s to region r;

v} — export of product i goods (services)
from region r;

v¥ — import of product i goods (services)
from region r.

aj; — inputs from sector 7, needed per unit
of output of sector j in region r;

aj — share of product 7 in the total final

consumption in the region » (z al =1laj=1);
i=1

qpi — volume of the final product in the
part of product i of region 7, not included in the
maximized part of final consumption (mostly,
gross accumulation of fixed capital).

Depending on a sector, different formal
methods of eliminating disbalance may apply:

1. If products are transportable (sectors
1-29), disbalance is adjusted by varying in-
flow/ outflow values (see more detailed descrip-
tion below):
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ro_ rs _ sr

S#T SET
2. If the intermediate product consump-
tion depends on the natural conditions in a re-
gion (sectors 30, 31,32) or trade mark-ups (35),
inputs per unit are adjusted:

r _r(old)

r(new) _
i =via; ,where
n _r(old) r r
)= i=1; xj +ée
L e‘r

4

3. For non-transportable products (sectors
33, 34, 36, 40—47), the final consumption val-
ues are adjusted:

y! r(old) + e
yir(new) — glrylr(old) rﬂeg{ i

e

4. Disbalance in the transport sector
(37-39) is eliminated by breaking down the
intermediate transport consumption into three
parts: the costs for intraregional, cross-regional

and external transportation:

— TT r ST ,.ST
= A X +ZC"’ X +Zcmx] +

S#Tr S#Tr
rk,,rk kr kr
+dijvit +djviTeT
Notation:
Xgj — volume of transport services in re-
gion r

az; — transport inputs of region  for intra-
regional shipment of a unit of products j in re-
gion 7;

Crgj — transport inputs of region  for out-
flow of a unit of products j from region r to re-
gion s;

Crgj — transport inputs of region r for in-
flow of unit of products j from region s to re-
gion 7;

d;" — transport inputs of region r for ex-
port of unit of products j;

d’r"']r — transport inputs of region  for im-
port of unit of products j;

Why can adjusting disbalance in the
transport sector through changing input co-
efficients be problematic? The thing is that
the direct input coefficients account for only
intra-regional transportation, so their adjust-

ment can be impossible. For instance, the
Central Federal District (CFD) has pipelines
for transporting oil and gas. The output of
such products in CFD equals 0 (i. e. ajf =0
). Therefore, adjusting the input ratio W111 not
generate any meaningful results. Further-
more, the overall standard form of a regional
10T would differ from the national table. The
standard IOT form for the regions of Russia is
presented in Fig. 1.

Regional tables have four quadrants. The
intermediate consumption quadrant shows the
product inputs for sectoral outputs, including
intra-regional transportation (row XI"). The
final consumption quadrant in a regional 10T
is the same as in the national table, except in-
flow — outflow variables (columns X5, X57).
The structure of the value-added quadrant is
similar to the third quadrant in the national
IOT. The «foreign transportations» rows com-
prise inflow, outflow transportation, export and
import of the products of relevant sectors (rows
XTS5, X357, V7K, VTK). The sum of sectoral outputs
in the table should be equal to the sum of prod-
uct outputs with the total value of foreign trans-
portations.

Transportation rows in the regional 10Ts
should satisfy the equation:

+sz +szsr+

r=1s#r r=1 s#r

+Zv:;<+z VKT EeT; j=Tn

The biggest challenge is estimating inter-
regional flows and transport coefficients. The
interregional flows of goods were estimated
with the following assumptions:

1. Network principle of transport flow
presentation. The estimated interregional
flows are presented based on the network prin-
ciple: 1. e., interregional relations is a system
limited to relations between neighbouring re-
gions; hence, some flows from one region to
another are fully or partially in transit.

2. Absence of counter-flows. The esti-
mated values of interregional flows of goods
are accurate to the net balance; for some goods,
counter-deliveries are absent or negligible.
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X | L xp [ 22 [ o [v* [ve [ x= [ x7 | X
X7
J
o
S 3
Xtrjr Intermediate consumption block Final consumption block 'g =
X7
j
wr Value-added block
Xj Sectoral output
X7s -
]
Ssr 2'
Xz . 23
Quadrant of foreign transport works 5 s
o
Vrk ?» =
T »n
g
V,-Tk =

Fig. 1. The standard form of an IOT for the regions of the Russian Federation

3. Trading by «conventional centres».
Formal breakdown of transportation inputs
for interregional deliveries relies upon the
«from a conventional production centre of a
producing region to a conventional consump-
tion centre of a consuming region» principle.
It allows equating outflow transport coeffi-
cients in a region to export coefficients (inflow
coefficients to import coefficients according-
ly). Different sectors may have different con-
ditional centres.

4. Inflow inputs exceed outflow inputs.
The inflow coefficients are assumed to exceed
the outflow coefficients on product transpor-
tation. Besides the distance covered by the
inbound and outbound transport (from the re-
gional boundaries to the centre and vice versa),
the inbound products are also delivered to all
points within a region.

The interregional trade flows were esti-
mated by a qualitative rationale since statisti-
cal information about the vectors and scope of
goods flows can hardly be found. For instance,
the whole inbound / outbound traffic for FEFD
to other regions was assumed as going through
the Siberian Federal District; for NCFD — only
through SFD; all deliveries from SFD west-
bound — only through UFD. In the case of mul-

tivariance, the knowledge about domestic eco-
nomic activity applied.

Final balancing. By implementing this
algorithm, some discrepancies between the
regional indicators and the corresponding
nationwide values could be revealed. How-
ever, the regional totals (totals refer to rows
and columns) equal to the national totals.
The bias was corrected with the multi-stage
biproportional correction (RAS type) of re-
gional tables. The result of the work was a
system of 8 regional input-output tables, with
the indicators’ values coinciding with the na-
tional ones.

Conclusion

The algorithm for building up a system
of regional 10Ts outlined in the paper cannot
remain unchanged for a long period. It is nec-
essary to adjust the parameters used for auto-
mated estimates of the tables from time to time
and all the numerical coefficients. Moreover, it
affects most of all the transport blocks of the
model, where significant changes of particu-
lar coefficients may occur due to, for example,
commissioning new pipelines or modifications
in the import-export geography. Developing
regional IOTs remains quite labour-intensive
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work that relies upon many information sourc-  reaching the cumulative production and con-
es. Algorithms, however, dramatically reduce  sumption indicators, the volumes of intersec-
the time of building up initial approxima- toral flows of goods and services, presented in
tion—balanced system of IOTs, in their totality  the consolidated national table.
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