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Abstract—The article presents the calculation of multiplier effects in the modern economy of Russia. The
output multipliers by different sectors of the economy have been estimated using a method based on a static
input—output model. The article has analyzed the limitations and possibilities of applying a method of calcu-

lating the multiplier effects.
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As soon as the whole range of organizational,
financial, methodological, and bureaucratic problems
were solved, the Federal Service for State Statistics
(Rosstat) published basic input—output tables for
2011, which turned out to be a momentous event for
statistics and economic analysis in 2017. The meaning
of the event for the development of analysis methods
and economic forecasting can hardly be overesti-
mated. Suffice to say that, before then, the input—out-
put tables had only been formed twice, i.e., in 1987
(forthe RSFSR) and in 1995. It is clear that significant
changes have taken place over these years in the struc-
ture of the Russian economy, and its actual measure
can only be estimated based on the data of an input—
output system, manufacturing, and production distri-
bution.

In the Soviet and Russian practice, a symmetric
input—output table refers to the input—output model
and is considered to be a more comprehensive
description of the economy that contains information
on all key methods of calculating GDP (with the pro-
duction, usage, and income determination approach),
as well as squares it with cost structure based on the
type of economic activity.

The absence of official input—output tables had
previously placed Russian researchers in a difficult sit-
uation. It impeded the development of highly relevant
research under the conditions of economic restructur-
ing, and a renaissance of interindustry calculations
and modeling of global economy could not be fully
supported by similar calculations based on Russian
statistics [1].

One of the spheres of applying an input—output
table is estimating the multiplicative effects of devel-

oping certain types of economic activities and imple-
menting intensive investment projects. This article
deals with the multiplier effect of increase in the out-
put in some sector of the economy. Hereinafter the
multiplier effect refers to an increase in one of macro-
economic indicators (gross output, GDP, budget
income, etc.) caused by the extension of the initial
increase in the output in one of sectors over the inter-
industry relationships. The multiplier will be called a
ratio of the effect estimate to the initial increase in
production that prompted it.

There are two components that can be noted to
estimate this multiplier effect.

1. The effect of increasing operating expenses. Itera-
tive logic can be used to describe the formation mech-
anism of the effect. Under otherwise equal conditions,
a gain in production by one of the activities means an
increase in the current production costs involved. This
can turn out to be the output expansion factor in the
related sectors (called sectors of the first level of inter-
connection), which in turn creates the impact of
growth in current business demand on production in a
wider range of economic sectors (sectors of the second
level of interconnection), etc. With each iteration, the
additional increase reduces; in other words, it is less
and less able to contribute to a resulting increase in the
total output.

2. The effect of increasing value added. This effect
appears due to the additional income generating
across the economic actors (households, government,
business), which is conditioned by a gain in produc-
tion in the economy and can be spent to increase final
demand (household consumption, government con-
sumption, fixed capital formation). Under otherwise
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equal conditions that will result in the expansion of the
production volume and the further spread of this
impact over interindustry relationships.

Method of estimating the output multiplier effect.
Macroeconomic models have gained widespread
acceptance in estimating the multipliers for the econ-
omy in general [2—4]. Methods based on input—out-
put approach are typically applied to estimate effects
at the industry level. Among these calculations, it is
possible to distinguish three main types:

(1) calculations within general equilibrium models
with integrated input—output tables [5, 6];

(2) calculations within a static input—output
model [7];

(3) calculations within a modified input—output
model using econometric dependences for modeling
impact of additional income on total consumption [8, 9].

General equilibrium models (CGE, DCGE),
including input—output tables and the social account-
ing matrix (SAM), use production functions and a sys-
tem of equations that reflect the behavior of different
economic actors based on concepts of the neoclassical
theory. Considering the theoretical nature of key
dependences of these kinds of models, the absence of
a direct correlation with actual statistics and the scale
of interactions throughout the evaluation of multiplier
effects, it becomes impossible to talk about the trans-
parency of the results obtained. The second type of
calculations, which outline the concept of interindus-
try relationships and total expenditures in the econ-
omy, only allows to evaluate the multiplier effect of
increasing operating expenses, while the effect of
increasing value added is not taken into account.

This issue is solved by using the modified input—
output model, which is characterized by modeling the
transition from an increase in output to an increase in
income of different economic actors, with further
transition to an increase in final demand (by different
functional elements) and to an increase in output
again.

That is the approach used in this paper to estimate
the output multiplier effect. The Fig. 1 presented
below provides a general framework for forming the
multiplicative effect (or the logic of its estimation).

Assessing the output multiplier effect can be
divided into two phases: assessing the effect of increas-
ing operating expenses and assessing the effect of
increasing value added (which takes into account the
additional increase in gross output following the
implementation of the effect of increasing operating
expenses).

The assessment of the effect of increasing operating
expenses can be conducted using the equation of
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Leontief static model (a basic equation of an input—
output model), which appears as follows:

X=E-4"7,

where X is the vector of output by industry; Y is the
vector of final demand; A4 is a technical coefficient
matrix of direct costs a;, which shows how much pro-
duction of ith sector needed for manufacturing a unit
of production of jth sector;

ay = X;/ X,

1

E is an identity matrix.

In the case of nonzero imports, the equation of the
Leontief static model appears as follows:

X =(E - A% 7%,

where A* is an adjusted technical coefficient matrix for
which imports were excluded from the interindustry
flows as follows:

ay(L—impy) ap(l—impy) - a,(1 —imp,,)
e ay (1 —impy) ay(1—impy) -

aln(l - impnl) : ann(l - impnn)

where imp;; is an import share in the intermediate con-
sumption by sectorj of sector i production (in X;; flow)

and Y* is the vector of final demand for domestic
products.

Under the assumption, that technical coefficients
do not change, and the initial increase in output is
caused by an increase in final demand (e.g., by an
increase in exports), the resulting increase in output
can be estimated as follows:

. 11— _1=%
AX =(E — A*) 'V * = (E - A% 'Y,
= (E — A%)'AY* = (E — A*)'AX".

To estimate effect of increasing operating expenses
in the kth sector, the following equation is used:

AX = (E - 4%)'AX°

%
0 b AX)
0 by AX?
:(E—A*)_l .“0 = " s
AXe | | b AXY
0
b AX?
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Fig. 1. Logic of forming the output multiplier effect.

where AX" is the vector of the initial increase in output
(it is assumed that the entire increase is concentrated

in sector k) and b;,i are the elements of the matrix B* =
(E— A%

The simple output multiplier of sector £ indicates
how much gross output will increase due to an
increase of total production in sector k (without regard
to effect of increasing value added) and calculated as a
sum of the components of kth column of matrix B*:

prod

My
= {Z <b;’iAX£>} /AXE = by
i=1 i=1

The estimate of the effect of increasing value added
is made according to the adjusted equation of Leontief

= AX/AX]

static model AX = (E — A* )_IAYO*. The main task is to
determine the increase in the final demand for domes-
tic products generated by the additional income,
which is derived from an increase in total production
upon the previous effect implementation.

First of all, it is essential to turn from an increase in
output to an increase in income for different economic
actors. The relationship between output and value
added that exists in the economy, as well as the distri-
bution structure of value added, such as employee
compensation, taxes, and profits, can also be applied.
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Thus, the vector of additional tax levies is defined as
follows:

AVA, - tax, AX, - va, - tax,

— | AVA, - tax, AX, - va, - tax,
Atax = = ,

AVA, - tax, AX, - va, - tax,

where AVA; is an increase in value added in sector i
tax; is the share of taxes, including personal income
tax, in the amount of value added of sector 7; AX; is an
increase in output in sector / attributable to the effect
of increasing operating expenses; and va; is the share of
value added in the output of sector i.

The vector of the increase in wages is defined as
follows:

AVA] ° W] AX] ° Val N Wl

_ AVAZ ° W2 AXz ° V612 ° W2
Aw = = R

AVA, -w AX, va,-w

n n

where w; is the share of wages (excluding personal
income tax) in the amount of value added of sector i.

The profit vector is determined as a residual:
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Apr = AVA — Atax — Aw
AX, -va - (1 —tax, —wy)
AX, -va, - (1 —tax, —w,)

AX, -va,-(1—tax, —w,)

The sums of components of vectors Atax and Aw
represent the amount of increase in tax levies and
wages, respectively:

Atax =17 - Atax = Z(AX,. -va; - tax;),

i=1

n

Aw=1"- AW =) (AX, - va, - w,).

i=l1

Here 17 is a transposed unitary vector; multiplying it
by a vector of the same dimension yields the sum of the
second vector’s components.

Furthermore, the increase in certain functional
elements of final demand is estimated, such as house-
hold consumption, government consumption and
fixed capital formation. The increase of households
consumption of domestic products is defined by the
total increase in wages Aw, income -elasticity of
households consumption ¢, the vector @, which pres-
ents the industrial structure of household consump-
tion, and the import shares in households consump-

tion! as follows:
D (AX; - va; - w)coy (1 — imp,,)
i=1

D (AX; - va; - w)con(1 - imp,,)
i=1

D (AX, - va, - w)eo, (1 - imp,,)
i=l1

where @ is the average share of sector i in household
consumption and imp,; is the average share of imports
in household consumption of sector i products.

The increase of government consumption of
domestic products is defined by the total increase in
tax levies Atax; the elasticity of government consump-

tion gc; and vector B, which presents the sectoral
structure of government consumption, and the shares
of import in government consumption as follows:

! The possible increase in household income due to an increase in
social transfers (pension, scholarship and unemployment bene-
fits) has not been taken into account here.
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D (AX, - vay - tax)geBy (1 - impy,)
i=l

Ager = Z(AX - vay - tax;)geP, (1 — imp,.,)

n

D (AX; - va, - tax;)geB, (1 - imp,,)

i=1

where [3,is average share of sector i in government con-
sumption and imp,., is the average share of imports in
the government consumption of sector i products.

The vector of new investments is obtained by mul-

tiplying components of the profit vector Aﬁ and
income elasticity of private investment across different

economic sectors? as follows:

AX, - va (1 — tax, — wy) - inv,

— | AX, -va,(1 —tax, —wy) - inv,
Ainv = )

AX, -va,(l —tax, —w,) - inv,

where inv; is the share of financial resources allo-
cated for capital expenditures in the operating sur-
plus of sector i.

The vector of an increase in final demand is
defined by the matrix of technical structure of fixed
capital formation 7 (this matrix converts the vector of
investments into the vector of an increase in demand
for investment products of different sectors):

Ztlj[AXj va,(1—tax; —w;)-inv;
Jj=1
thj[AXj va,(l—tax; —w;)-inv;

j=1 P

n
Zt,,j[AXj -va;(1 —tax; —w;)-inv;
=

where 7; is the share of sector i in capital expenditures
of sector .

The vector of an increase in final demand for
domestic products used for investment purposes is
obtained by multiplying the components of the vector

Agfcf and the shares of domestic production in corre-
sponding flows as follows:

2 Here, the possible increase in investments through the addi-
tional public funding and investing personal savings through the
banking system are not taken into account.
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P

=

The vector of total increase in final demand for
domestic products is defined by summing vectors of
an increase in household consumption, government
consumption, and fixed capital formation:

AY* = AG * +Agc * +Agfef * .
As noted above, the estimate of total output
increase can be obtained by placing the vector of final

demand for domestic products into the equation of the
Leontief static model

AX = (E — A*)'AY *.
Basic assumption in the model. The use of the static
input—output model to estimate the multiplier effects

is driven by the acceptance of a set of assumptions that
slightly limit the scope of analysis.

First, the basic structural parameters in calcula-
tions are meant to be unchanged, e.g., technical coef-
ficients, the structure of elements of final demand, the
structure of value added distribution, elasticities of
consumption, and shares of imports. Thus, here, the
hypothesis that the cumulative effect of an increase of
a certain sector output is not significant in the scale of
the economy is implicitly used. This means that the
additional demand for domestic products generated by
implementing the multiplier effect is satisfied with
additional loading of production capacities and/or
using of accumulated reserves; in other words, it does
not allow for situations of deficits on commodity mar-
kets and relevant price increases. A similar assumption
can be made with regard to the impact of the multi-
plier effect on the situation on labor and loan capital
markets.

Second, it is expected that an increase in commod-
ity stock in the economy will remain zero. Using an
iterative logic to describe the multiplier effect genesis
does not mean that this effect is a long-drown-out
process. The increase in output can only occur if it is
provided with all necessary resources. In fact, this
means that the previously accumulated stocks (which
were formed by pre-production in the supplying
industries) or imports should be used. Later, the stocks
are to be restored by means of additional production
and/or imports to the previous level. Otherwise (in the
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(U= impp) Y 4,[AX; - va; - (1 - tax; —w;) - inv}]
j=1

(1= impp>)Y 0IAX; - va,; - (1 - tax; —w)) - inv)] .

(1= impp,)Y 1,[AX; - va; - (1 tax; —w;) - inv,]
j=1
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case when stocks are maintained at a new, lower level),
the main part of the multiplier effect is essentially
“left” in retrospect, whereas in the reporting period
the estimate of the multiplier effect should correspond
only to the initial impulse - the output increase in sec-
tor k.

Third, a considerable simplification was permitted
in modelling transition from additional income of dif-
ferent economic actors to an increase in final demand.
Here, the average income elasticities of consumption
were used. Thus, we do not take into account the fact
that, as prosperity grows, the income elasticity of con-
sumption gradually declines (saturation effect) and
shifts take place in the structure of consumption. In
particular, the share of fast-moving consumer goods in
household consumption is declining. The presented
calculations leave out of account the income differen-
tiation of population, which also considerably deter-
mines the growth rate and the structure of consump-
tion expenditures.

Assessing multipliers using Rosstat data. The appli-
cation of the method presented above to estimate out-
put multipliers of industries based on official input—
output tables allows to obtain an overview of the state
of the Russian economy and the complexity of partic-
ular interindustry relationships.

The most pressing input—output tables were pub-
lished for 2014. The Table 1 presents values of output
multipliers for certain industries (i.e., estimates of an
additional increase in the gross output or GDP due to
the initial output growth per unit in a selected sector
excluding the direct output and GDP increase within
the initial impact).

These results indicate that the greatest effect of
increasing operating expenses due to the initial
increase in output per unit is generated within the sec-
tors marked by a high share of operating expenses in
output and rather low share of import in intermediate
consumption (for example, electricity, metal fabrica-
tion, oil refinery, and chemical production). Low val-
ues of the multiplier can be explained by the high share
of value added in output (in oil and natural gas
extraction or wholesale and retail trade), as well as by
the high share of import in intermediate consumption

Vol. 29
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Table 1. Values of output multipliers for the certain sectors of the Russian economy in 2014 (excluding the direct effect)

Output multiplier effect
Index excluding the increase |including the increase including the increase
in value added in value added in value added at zero import
for output | for GDP |for output| for GDP | for output for GDP
Agriculture, hunting and fishing 0.80 0.38 1.74 0.84 2.67 1.23
Oil and gas 0.57 0.30 1.54 0.83 2.04 1.04
Food production 1.18 0.57 2.05 1.00 3.26 1.50
Textiles and leather products 0.71 0.34 1.49 0.74 3.11 1.43
Oil products and coke 1.15 0.62 2.12 1.11 2.83 1.42
Chemical products, excluding explosives 1.12 0.52 2.02 0.97 3.13 1.44
Rubber and plastic products 1.08 0.48 1.85 0.87 3.49 1.56
Other mineral nonmetallic products 1.23 0.55 2.20 1.04 3.24 1.47
Metals 1.27 0.54 2.16 0.99 3.30 1.47
Machinery and equipment 1.05 0.45 1.97 0.92 3.22 1.44
Office equipment and computers 0.65 0.33 1.40 0.70 3.15 1.46
Electrical equipment 1.09 0.47 1.97 0.92 3.32 1.48
Telecommunication equipment 0.70 0.34 1.57 0.78 2.95 1.37
Motor vehicles, trailers, and semitrailers 0.97 0.41 1.60 0.72 4.00 1.65
Other transport equipment 1.03 0.46 1.99 0.95 3.15 1.44
Electricity, gas, and water supply 1.44 0.65 2.50 1.19 3.21 1.49
Construction 0.85 0.37 1.81 0.86 2.82 1.27
Wholesale and retail trade 0.64 0.35 1.69 0.87 2.45 1.18
Accommodation and food service activities 0.82 0.41 1.81 0.91 2.75 1.30
Transportation and warehousing 0.88 0.45 1.89 0.96 2.75 1.32

Source: Russian Federal State Statistics Service, authors’ calculations.
In the presented calculations, the following values of key structural parameters were used: the income elasticity of household consump-
tion was 93%, the income elasticity of government consumption was 58%, the income elasticity of private investment was 73%.

(in machinery and equipment, vehicles, office equip-
ment, electronics, and textiles and clothing manufac-
turing).

The higher estimate of an increase in output driven
by effect of increasing value added for material inten-
sive sectors predetermine the higher estimate of addi-
tional growth in GDP at this stage. However, taking
into account the shares of value added in output, the
total increase in value added after implementing the
effect of increasing operating expenses turns out to be
comparable for material intensive sectors and for sec-
tors with a high share of value added in output. In this
context, estimates of an additional increase in output
driven by effect of increasing value added are fairly
close for various sectors (on average 0.9—1.0).

It should be noted that the estimates of the effect of
increasing value added are influenced by the distribu-
tion structure of an increase in value added among
business, household, and government because the
income elasticity of consumption across the economic
actors varies widely. In particular, estimates for oil and

STUDIES ON RUSSIAN ECONOMIC DEVELOPMENT

natural gas extraction are lower than ones for other
sectors. This is explained by the fact that, in the value
added distribution structure for the presented sector,
the largest share accrues to tax levies, and in the calcu-
lations, the income elasticity of consumption for the
government was given as lower than for the household
and business (58% compared to 93 and 73% respec-
tively).

An additional point is that the share of import in
capital expenditures of the particular sector has an
impact on measuring the value-added multiplier
effect. In sectors with higher shares of imported equip-
ment in total capital expenditures, i.e., in textiles and
clothing manufacturing, machinery, metallurgy, and
chemical industry, the decrease in measuring the
value-added multiplier effect is stronger than in other
sectors.

As a result, the values of total increase in output
due to the initial increase in output per unit (in other
words, the sum of estimates of the operating expenses
multiplier effect and value-added multiplier effect,
Vol. 29
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excluding a direct increase in the output within the
initial impact) turn out to be higher for the material
intensive industries with relatively low share of import
in intermediate consumption and capital expendi-
tures. The examples may include the generation and
distribution of electricity (output multiplier is 2.50),
mineral and nonmetallic production (2.20), metal-
lurgy (2.16), oil refinery (2.12), and food production
(2.05). The greatest effect on GDP due to increase of
output per unit is expected for electricity, gas and
water supply (1.19); oil refinery (1.11); and food pro-
duction (1.00).

Estimates of multipliers under conditions of zero
import deserve special attention, as far as these results
allow to assess the potential for import substitution in
various economic sectors. Estimates show that the
highest additional increase in output under conditions
of zero import should be observed in vehicle manufac-
ture (4.00 instead of 1.60 under nonzero import), in
rubber and plastic production (3.49 and 1.85, respec-
tively), in manufacture of electrical equipment
(3.32 and 1.97), metallurgy (3.30 and 2.16), and food
production (3.26 and 2.05). It should be noted that
these are the sectors in which dynamic import substi-
tution has been observed in recent years.

However, we should emphasize contradictory
impact of imports on multiplier effect estimates. On
the one hand, imports that replace domestic produc-
tion should be considered as a factor that reduces the
values of multipliers. On the other hand, the import
can fill a shortage of production resources, in the
absence of which it is impossible to increase output
and generate a multiplier effect.

Possibilities of applying the method. The assessment
of multipliers shown in the Table 1 should be carefully
interpreted to characterize the importance of various
industries or to choose sectoral priorities when devel-
oping economic policy. For this purpose, deeper anal-
ysis is required, which, in addition to assessing output
multiplier effect, should include an analysis of the
other effects. For example, to analyse the impact of
stimulating investment activity by the government in
particular sectors of the economy, not only the output
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multiplier effects should be taken into account, but
also the effect of increasing capital expenditures or
reducing unemployment and social transfers, etc.

At the same time, the method proposed for assess-
ing the output multiplier effect has high potential for
applications. It can be used as the basis for more com-
plicated calculations of estimating macroeconomic
effects for implementing large-scale investment proj-
ects and government programs of supporting various
sectors of the economy.
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