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The article features results of the assessment of the multiplier
effects for the national economy from the implementation of
construction project of the first stage of production facility of the
Dniester HPP for the period 2010-2019. For this purpose,
macroeconomic statistics were processes, on whose basis an
information system of primary and calculated indicators was created
using the data from the project documentation, which became the
basis for calculations. A methodological approach was developed to
assess multiplier effects at the macroeconomic level using the input-
output balance, which is reflected in the symmetrical "input-output”
table. The authors highlight the main indicators, through which the
impact of the implementation of the construction project of the
Dniester HPP on Ukraine’s economy is manifested, and which allow
assessing its socio-economic significance: the multiplier of the output
growth of the economic activity "Construction” at the expense of
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project investments, the GVA (Gross Value Added) multiplier for all
economic activities from project investments, and the GDP multiplier
(public expenditure multiplier). According to the implemented
approach, multiplier effects for the economy are calculated via
additional output growth, additional value added growth, and GDP
growth on project investments.

Based on the obtained results, it is proved that: 1) the
implementation of the construction project of the first stage of the
production facility of the Dniester HPP had made it possible to
accumulate a multiplier effect for Ukraine’s economy, confirming in
practice the theory of multiplier effects and proving the efficiency of
public capital investments; 2) to the greatest extent, the multiplier
effect from the additional investment growth in this project is
generated within the economic activity "Construction”, which is
explained by increased demand for domestically produced
construction products.

Keywords: multiplier effect, multiplier, investments, input-
output tables, input-output balance, infrastructure project

The implementation of large-scale socially significant infrastructure projects
gives impetus to the development of the national economy. It should be noted that
large infrastructure projects must be considered as an element of the system of
inter-sectoral interaction, since they are a complex system with a complex level of
organization of internal connections. Such a system in itself is not closed or
isolated from external influences, but is a component of the macroeconomic
environment, closely related to the sectors of the economy that provide the project
with appropriate technologies, personnel, material and technical resources and
infrastructure.

The construction project of the Dniester HPP is one of the significant
infrastructure projects in modern Ukraine with state investments in production
facilities averaging slightly more than UAH 1 billion per year (11.3 billion UAH
was invested during 2010-2019).

The Dniester cascade of HPP and GAPP is located on the Dniester River in
the south-west of Ukraine in the Chernivtsi region - 400 km from Kyiv, on the
border with Moldova. The Dniester Cascade includes HPP-1 - operating, HPP-2 -
operating, HPP - under construction, but with hydro units that are gradually being
put into operation. The gas power plant under construction (expected to continue
before 2027) with a planned capacity of 2.268/2.947 MW (generator/pump modes)
will be the largest in Europe.

Preparatory work for the construction of the Dniester HPP began during the
existence of the Ukrainian SSR back in 1983. The approval of the project and
budget continued intermittently from 1988 to 2008 (adapting to new realities), and
the active phase of investing in the construction of the first stage at the state level
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started in 2010. According to the project documentation, the investment of three
stages of the project, which overlap each other in time, is planned, and the
commissioning of the first stage of the project, which involved the construction of
production facilities, lasted from 2010 to 2021.

The Dniester HPP is designed to operate in a cyclical mode, intended to
cover peak loads, fill nighttime dips, and provide emergency and frequency
reserves for Ukraine’s unified energy system with its significant unevenness of the
daily load schedule and an urgent need for peak and fast-acting emergency
capacities, and also to ensure the basic regime and create an emergency reserve for
the country’s NPPs and TPPs. Today, the Dniester HPP’s production facility is
owned by the private joint-stock company "Ukrhydroenergo"”, 100% of whose
shares are fully owned by the state, which is why state investment in the further
development of the Dniester HPP will have a significant macroeconomic multiplier
effect.

The project is implemented at the expense of state investments, so it is
designed to provide an impetus for achieving the goals of economic growth. In
practice, an increase in public investment in the economy, as a rule, implies an
improvement in the main macroeconomic indicators. However, in the case of the
construction of large infrastructure projects, it is not enough to evaluate only the
direct effects of their implementation. It is also necessary to evaluate indirect -
multiplier - effects, whose essence consists in an increase in any of the components
of autonomous costs, which causes an additional increase in output, GVA and
GDP, and by a value that is greater than the initial impetus (initial investment
Costs).

Formulation of the problem. According to the standard methodology for
making decisions regarding investments in industrial facilities, it is necessary to
calculate the project indicators of an internal nature: net present value (NPV);
internal rate of return; discounted payback period; profitability index, etc. This is
enshrined in particular by such normative acts as: The procedure and methodology
for the evaluation of an investment project with significant investments (approved
by the Resolution of the CMU of July 28, 2021 No. 819); The procedure for
selecting state investment projects (approved by the Resolution of the CMU of July
22, 2015 No. 571); State building codes A.2.2-3:2014. Composition and content of
project documentation for construction, etc.

However, the existing methodology for assessing the feasibility of state-level
investment, firstly, does not take into account the peculiarities of large state-owned
infrastructural industrial enterprises, and, secondly, does not take into account the
assessment of additional accompanying positive impacts from socially significant
infrastructure projects on the regional and national economy, which include
multiplier effects

In view of the outlined problems, the purpose of the article is to assess the
multiplier effects from the implementation of a socially significant investment
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project - the construction of the Dniester HPP, taking into account the direct and
indirect effects that arise during the construction process at the macro level.

Analysis of research and publications on the issue under consideration.
The concept and scheme of the deployment of multiplier effects were presented by
R. Kahn in his most famous article "The Relation of Domestic Investment to
Unemployment” (1931) in the context of the problem of increasing the level of
employment, after which they were clarified in the article "Public Works and
Inflation" in 1933 where the organization of public works was considered as a
means of getting out of economic depression, reducing unemployment and
increasing output. R. Kahn demonstrated that public spending on the organization
of public works not only creates jobs, but also stimulates an increase in consumer
demand, contributing to the growth of production and employment in the economy
as a whole [1]. Later, Richard Kahn in collaboration with J.M. Keynes formulated
the "General Theory of Employment, Interest and Money", which is based on the
calculation of multiplier effects in the economy [2].

At the current stage, this scientific development is used by researchers both
for calculating multiplier effects in individual sectors of the economy, such as:
tourism, construction, transport, services, agro-industrial complex, etc. [3-8], and at
the level of the regional and national economy [9-12].

Research methodology. To estimate the multiplier effects from investments
in the construction project of the first stage of the Dniester HPP, it is advisable to
use a comprehensive quantitative approach. The essence of the methodical
approach proposed by the authors is to carry out such an assessment by defining
how the output, gross added value, and gross domestic product will increase due to
the funds invested in the project.

Most of the proposed calculations regarding the defining of multipliers and
the assessment of the multiplier effects of the construction project at macro level
are carried out using the inter-industry balance of production and distribution of
goods and services (the theory of which was developed by V. Leontiev), which is
reflected in the "input-output"” table (hereinafter 10T). In particular, a matrix of the
use of domestically produced products is used, where imported products are
excluded from inter-industry flows.

The 10T covers the entire Ukraine’s economy, and thanks to the
combination of the most important macroeconomic indicators, this table makes it
possible to reconcile data for the calculation of gross domestic product through
balancing and interrelation of indicators based on the method of "commodity
flows". The IOT establishes production links of the "product-product™ or "industry-
industry” type and is used to carry out forecast and scenario calculations of the
development of national economy based on the coefficients of direct and total
costs. The purpose of developing an IOT is the generation of information about the
relationships that arise between residents in the process of production and use of
goods and services, for the analysis of the structure of national economy and main
macroeconomic proportions and for meeting the users’ informational needs [13].
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The main indicators most fully reflecting the macroeconomic significance of
the implementation of the construction project of the first stage of the Dniester
HPP PrJSC "Ukrhydroenergo™ for the economy of Ukraine are defined as follows:

1) the multiplier of the increase in the output of economic activity
"Construction” at the expense of the project investments is a coefficient that
reflects how much the final indicator of the increase in the output of economic
activity "Construction™ changes when investing state capital in the construction of a
specific object due to a multiplier effect;

2) the GVA multiplier for all economic activities from the project
investments is a coefficient that shows changes in the economy due to the increase
in GVA in all economic activities due to inter-industry connections as a result of
state capital investments in the construction of a certain specific object, as a result
of which a multiplier effect occurs;

3) the GDP multiplier (multiplier of public expenditures) is a coefficient that
defines the ratio between initial public expenditures and their final growth in the
form of national income.

The following were the basis for calculating the multiplier effects:

1) statistical data by the State Statistics Service of Ukraine, in particular the
"input-output" table, which excludes imports for the period 2010-2019;

2) technical and informational support for calculations based on official
statistical data (created at the first stage);

3) the project data from the documentation of the construction of the first
stage of the Dniester HPP for the period 2010-2020.

The approach to determining multiplier effect for the economy due to the
additional increase in output after investment in the project

The multiplier effect of output growth includes: 1) direct effects associated
with the growth of production in an economic activity (in our case, economic
activity "Construction™) and 2) additional effects via inter-industry ties, which are
manifested in the growth of GV A of other economic activities.

The approach to defining the multiplier effects for the economy due to the
output increase from the project investments is based on calculation of the
coefficients of direct and total costs. Coefficients of direct and total costs are
calculated based on the 10T indicators in basic prices for the economic activity
"Construction”. For this purpose, auxiliary matrices are constructed: the matrix of
coefficients of direct costs; the identity matrix; and the matrix of coefficients of
total costs.

The coefficients of the matrix of total costs have the following interpretation:
if the output of the final product of the j" industry needs to be increased by one
unit, then the gross output of the product of the i industry must be increased by
the corresponding coefficient of total costs. Thus, the sum of the b coefficients in
the corresponding column allows defining how much the gross output will increase
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in all the industries under consideration, if the output of the final product of the
industry under study increases by one unit.
Determining the coefficients of direct and total costs allows calculating the
output multiplier for the economic activity "Construction” (My):
My = Kiulicosts / Kdirectcosts (1)

The obtained multiplier of output for the economic activity "Construction™
(My) allows to calculate the multiplier effect for Ukraine’s economy from capital
investments in construction of the corresponding year via the increase in output in
the economic activity "Construction". For this purpose, one should define the share
of the increase in generated construction products at the facilities of electric power
enterprises in the increase in total generated construction products (works,
services) in the corresponding year. This allows assuming that the calculated share
of the increase in generated construction products at the facilities of electric power
enterprises in the increase in total generated construction products is proportional
to the share of the created multiplier effect from the capital investments in the
economic activity "Construction” and shapes the effect of "impetus" from
investments in the construction of power facilities.

Based on the obtained multiplier effect for Ukraine’s economy from the
project investments, the output multiplier from project investments is defined as the
ratio of the obtained effect to the project investments.

An approach to determining the multiplier effect for the economy due to the
additional increase in added value after investment in the project

The following approach is based on the calculation of the effect of GVA
growth by individual economic activities of the national economy via the growth of
added value, which is a component of aggregate production costs (output), whose
growth is calculated based on the matrix of technological structure of the
generation of fixed capital due to the project investments.

One of the ways to define the growth vector of the final demand for domestic
products is to define it using the matrix of the technological structure of fixed
capital generation, whose columns are vectors characterizing the shaped (standard)
industry structure of fixed capital generation during the implementation of
investment projects in various sectors of the economy.

Thanks to the calculation of increase in the final consumption of domestic
products for the economic activity "Construction” (4S;,,) due to the project
investments, an opportunity is created for the formation of an "investment matrix"
(based on the matrix of coefficients of total costs):

AYjny = 48 * Kiotalcosts » 2
where 4Y;,, is the increase in production costs in all economic activities due
to the project investments; 4S;, — the increase in final consumption of the
economic activity "Construction” due to the project investments; and Kigtaicosts IS an
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element of the matrix of coefficients of total costs.

Summing up the elements of the "investment matrix" by row shows the
increase in output for all economic activities. In this phase, due to the increase in
production costs, the GVA increase from the project investments (AGVA;,) is
defined, which extends to the entire economy. To find this effect, the share of GVA
of the i"™ economic activity for the corresponding year in the output of the i"
economic activity of the corresponding year (gva;) is initially defined.

The multiplicative effect of GVA growth (4GVA;,,) can be found using the
following formula:

ﬂGVAin\/ = gva| * ﬂYﬂ(BV'A\IﬁW (3)

where GVA;,, — increase in GVA of the /" economic activity due to the
project investments; gva; — the share of added value of the /" economic activity for
the corresponding year in the output of the ™ economic activity for the
corresponding year; and AY;, - increase in production costs from the project
investments.

The obtained multiplier effect of the increase in GVA (4GVA;,,) from the
project investments allows defining the appropriate multiplier according to formula
4.

cva = AGVAn, / Iproject, (4)

where Mgy, is the GVA multiplier from the project investments; and lyrgject -
the amount of the project investments.

An approach to defining the multiplier effect for the economy as a result of
additional GDP growth after investment in the project

To calculate GDP, the value of final products is used — that of goods and
services intended both for domestic consumption in the country and for export.

The contribution of individual economic activities to GDP (value added) is
the difference between the value of all products/services generated by an economic
activity and its costs for purchasing goods/services from other economic activities.
The GDP indicator only includes the value of final products and evaluates the
additional value generated. Thus, double counting of the cost of intermediate
goods/services used for the production of other goods/services is excluded. The
indicator of contribution to GDP is the most accurate indicator of the economic
role of individual economic activities.

Calculation of the direct GDP multiplier for a large infrastructure project is
carried out in several steps:

first, absolute GDP growth is calculated,

secondly, the share of the economic activity “Construction” in the GDP of
the corresponding year is defined;

thirdly, the multiplier effect for the economy due to GDP growth from the
project investments in construction is calculated by multiplying the share of GVA
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in economic activity “Construction” in total GDP by absolute GDP growth;

fourthly, the direct multiplier of GDP due to the project investments is
calculated via the ratio of the effect of investments in economic activity
“Construction” to the project investments.

Results of the calculations of multiplier effects for the economy from the
implementation of the construction project of the first stage of the Dniester
HPP according to the above described approaches

At the stage of implementation of the construction project of the first stage
of the Dniester HPP (the initial stage was the preparation of project
documentation), the largest multiplier effect will be obtained directly in the
economic activity “Construction” and associated with the increase in consumer
spending within this economic activity. Based on the calculations of the
coefficients of direct and total costs, the multiplier of increase in the output of
economic activity “Construction” from the project investments was obtained with
an average value of 5.9 for the entire construction period (2010-2019),
demonstrating that UAH 1 of state capital invested in the construction project of
the first stage of the Dniester HPP, generates an additional 4 hryvnias and 90
kopecks in economic activity "Construction” (Table 1).

Table 1

Multiplier of the increase in output of economic activity ""Construction’ due
to investments in the construction project of the first stage of the Dniester
HPP

Indicator Value

Cumulative effect transferred from increases in
generated products to effect from investments in 67397.23
economic activity "Construction”, UAH million

Total amount of investments in the project (1st stage)

in economic activity "Construction”, UAH million 11337.97

Multiplier of output increase in economic activity

""Construction' due to the project investments 59

Source: compiled based on the authors’ calculations

The results obtained based on the methodical approach described above
confirm a significant multiplier effect in the economic activity "Construction™
(Table 2), which, depending on the volume of investments in a particular year and
construction products generated by the facilities of electric power enterprises, has
different values in total construction products generated.
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The results of calculations based on the approach to determining the
multiplier effect for the economy via the increase in added value based on the
matrix of the technological structure of the generation of fixed capital and GVA
from the project investments are presented in Tables 3-4.

Output growth — an increase in production costs, generated by the multiplier
effect, leads to growth in GVA and growth in additional income. The coefficient of
the GVA multiplier for the period 2010-2019 is 11.1, which shows a high average
efficiency of state capital investments in the project. In addition, the dynamics of
the multiplier values in individual years shows significant fluctuations, in particular
the multiplier’s growth in the period 2012-2016, which is inversely proportional to
the economic situation during this period (Table 1-5): in 2010 - 4.0; in 2011 - 4.5; in
2012 - 16.9; in 2013 - 10.9; in 2014 - 22.3; in 2015 - 7.5; in 2016 - 10.2; in 2017 -
6.2; in 2018 - 7.1; and in 2019 - 5.1. This means that for every hryvnia of state
capital investment in construction of the first stage of the Dniester HPP, the
following income is additionally generated in the national economy: in 2010 - 3
UAH, in 2011 - 3.5 UAH, in 2012 - 15 UAH, 9 UAH, in 2013 - 9.9 UAH, in 2014
- 21.3 UAH, in 2015 - 6.5 UAH, in 2016 - 9.2 UAH, in 2017 - 5.2, in 2018 - 6.1
UAH, and in 2019 - 4.1 UAH.

The obtained peak values of the multipliers were affected by a number of
factors (Table 4), such as:

1) economic crisis of 2014;

2) fluctuations and decline in GDP;

3) decrease in capital investments, including in construction;
4) growth of marginal propensity to consume;

5) increase in the project’s investments.

The above factors led to a growth of the multiplier effect from the project's
investments during the economic crisis, confirming in practice the theory of
multiplier effects and proving the effectiveness of the government’s capital
investments. The high values of the gross value added multiplier, especially in
2014, are due to sufficiently high investments in the project under the condition of
a general decrease in capital investments in Ukraine’s economy and a GDP decline.
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Table 4

Justification of the obtained indicators of multiplier effect and multipliers at
macroeconomic level

Indicator

2010

2011

2012 | 2013

2014

2015

2016

2017

2018

2019 | 2020

Marginal
propensity to
save

0.15

0.1

0.1 | 0.08

0.02

0.02

0.01

0.01

0.01

0.02

Marginal
propensity to
consume

0.85

0.9

09 | 092

0.98

0.98

0.99

0.99

0.99

0.98

Total project
investments,
billion UAH

0.36

0.62

1.63 | 2.26

151

1.96

0.63

1.44

0.66

0.270 | 1.13

Capital
investments,
billion UAH

180.5

241.2 | 273.2

249.8

2194

273.1

359.2

448.4

578.7 | 623.9

Capital
investments in
construction,
UAH billion

29.7

319 | 40.7

40.7

36.1

435

444

52.2

559 | 62.3

UKkraine’s
GDP in
constant
prices of 2016,
billion UAH

2613.0

2755.8

2762.4|2761.7

2580.7

2328.5

2385.3

24416

2526.8

2607.7

Source: compiled based on the authors’ calculations

The results of calculations based on the approach to defining the multiplier
effect for the economy via GDP growth from investments in the construction
project of the first stage of the Dniester HPP are presented in Table 5.

Table 5

Direct GDP growth multiplier due to investments in the construction project
of the first stage of the Dniester HPP

Indicator Value
Investments of 1st stage of the project, UAH million 11338.0
Multiplicative effect of the project investments in Ukraine’s total
GDP, UAH million 12036.7
GDP multiplier 1.06

Source: compiled based on the authors’ calculations
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The results of calculations of the simple GDP multiplier using this approach
are simplified, so they show that investing 1 hryvnia of capital investment from the
state budget produces an increase of 6 kopecks. This multiplier does not take into
account the direct effects associated with the increase in the industry’s output, the
additional effects due to inter-industry ties and effects from income distribution,
hence it only to a certain extent reflects the real increase in income for the national
economy from investing in the construction project of a production facility, that is,
the first stage of the Dniester HPP.

Conclusions

Based on to the results of the study, the authors have obtained the following
values of the main indicators at the macro level, which most fully reflect the
importance of the implementation of the project of constructing the first stage of
the Dniester HPP of PJSC "Ukrhydroenergo" for Ukraine’s economy:

1) multiplier of output increase for economic activity "Construction" due to
the project investments for the period 2010-2019 is 5.9 - that is, for 1 UAH of state
capital investments in the construction project of the first stage of the Dniester
HPP, an additional 4 UAH and 90 kopecks were generated in the economic activity
"Construction";

2) the multiplier of GVA growth for all economic activities from investments
in the project for the period 2010-2019 is 11.1 - this shows the high efficiency of
state capital investments in the project, i.e. for every hryvnia invested in the form
of state capital investment in the construction of the first stage of the Dniester HPP,
the following additional income was generated for Ukraine's economy: in 2010 - 3
UAH, in 2011 - 3.5 UAH, in 2012 - 15.9 UAH, in 2013 - 9.9 UAH, in 2014 - 21.3
UAH, in 2015 - 6.5 UAH, in 2016 - 9.2 UAH, in 2017 - 5.2 UAH, in 2018 - 6.1
UAH, and in 2019 - 4.1 UAH;

3) the GDP growth multiplier (state expenditure multiplier) shows that
investing 1 hryvnia of capital investment from the state budget generates an
additional increase of 6 kopecks;

4) the share of output growth due to the project investment in Ukraine’s
output ranges from 0.04% (2019) to 4.6% (2014);

5) the share of GVA growth from the project investment in Ukraine’s GDP
ranges from 0.13% (2010; 2019) to 3.17% (2014).

During the construction of the first stage of the Dniester HPP in 2010-2019,
the investments of PJSC "Ukrhydroenergo™” amounted to UAH 11.3 billion; at the
same time, it is calculated that capital investments due to the multiplier effects
during the construction period (without taking into account the effect from
operation):

—added UAH 26.05 billion to Ukraine’s gross domestic product, which is
equivalent to UAH 6.5 billion of state budget expenditures;

—and added UAH 4.9 billion to households’ consumer spending.

Therefore, the study has shown that capital state investments in a socially
significant infrastructure project, such as the construction of the first stage of the
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Dniester HPP - had positive multiplier effects in terms of the growth of output,
GVA and GDP, which should be taken into account at the state level when
evaluating further investment projects.
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MAKPOEKOHOMIUHY cmamucmuky, Ha 6a3i sKoi cgopmosaHo
iHpopMmayiliHy cucmemy NepeuHHUX ma PO3PAXYHKO8UX NOKA3HUKIE
i3 BUKOPUCMAHHAM OAHUX NPOEKMHOI OoOKYymeHmauii, wo cmana
OCHOB010 0151 NPOBEOeHHsl PO3PAaxyHKie. A0anmoeaHO MemoOuUUHULL
nioxio oo OUIHKU MYAMUNTIKAYITHUX epexmis Ha
MAKPOEKOHOMIUHOMY PIBHI 3 BUKOPUCMAHHSM  MIXK2AN1Y3€8020
banarcy, wo e8idobparkeHUull Yy cmamucmuuHiii mabauyi "sumpamu-
sunyck". BuokpemneHo 0CHO8HI NOKA3SHUKU, 34 SKUMU NPOSIBISLEMBbCS
8NIUB THBECMYBAHHSL Ub020 NPOEKMY HA HAUIOHANLHY eKOHOMIKY ma
AKL daromeb 3MO02Yy OUIHUMU U020 CYCNIIbHO-EKOHOMIUHE 3HAUEHHSL:
MYABMUNNIKAMOP NPUPOCMYy 8UNYCKY 8U0Y eKOHOMIUHOI Oisi/tlbHOCMI
(BE) "ByodisHuymeo", mysemuniikamop 8anoeoi 000aHoi eapmocmi
(BAB) no ecix BE/], myabmunaikamop 8aJ/08020 SHYMPIiulHb020
npooyxkmy (BBII). 3a yum nioxo0om mMyaemuniikauitiHi epexmu 015
eKOHOMIKU PO3PAX08YHOMbLCSL UWINSAXOM OOUUCNeHHST — 000amK08020
npupocmy nicasi iHeecmuuyili Yy npoexkm:. 8UnYycKy, easniogoi 000aHoi
sapmocmi ma BBII.

Ha ocHosi ompumaHux pe3ysnbmamid  008e0eHO0,  UWoO:
1) peanizauyisn npoekmy  /[lHicmposcokoi  ['AEC dozgosiuna
aKYMyao8amu MYamMuniiKayiiHuil. egexkm O0asi HAWIOHANLHOL
eKOHOMIKU, hni0mgepouswl meopilo HA npaKkmuyli ma 008ieull
ecpexmugHicmo JepokasHUX  KanimanabHux  iHeecmuyil;,  2)
HallbLIbWOo MIPO0 MYAbMUNNIKAUIUHUT egpekm 810 000amKo8020
npupocmy iHeecmuuyili yb020 NPOEKMY 2eHepyemoubcsi 8cepeOuti suoy
eKoHOMIuHOi  OisinbHocmi  "ByodieHuymeo", WO  NOSICHIOEMbLCS
36L1bWeHHSIM nonumy Ha 6YyoiBenbHY NPOOYKUi0 BIMUUHSIHO20
8upobHUYMSA.

Knrouoei cnoea: MYAMUNTIKAYIUHUT epexm,
Myavmunaikamop,  iHgecmuuyii, —mabauys — "'sumpamu-gunyck’,
MDKeanyszesull banarc, iHppacmpykmypHuii npoexm
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