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MODELING THE IMPACT OF PUBLIC DEBT ON
ECONOMIC GROWTH IN UKRAINE

The study considers modeling approaches to determine the relationship
between the level of public debt and economic growth. Empirical evidence
for the positive, neutral, and negative correlation between the indicators
arrive in a nonlinear function in the form of inverted U-curve, whose theo-
retical argumentation is associated with the implementation of the golden
rule of public finance.

To verify the empirical evidence on the example of Ukraine's economy,
the author provides a scenario assessment based on the constructed econ-
ometric model of fiscal-monetary interaction. The results of modeling con-
firm the existence of a relationship that corresponds to a second-order pol-
ynomial trend. The maximum level of public debt, above which the GDP
rate declines, is 63.8%, and the critical level of public debt, at which the
rate of economic growth changes to negative, is 87.4%. As the development
of Ukraine's economy is approaching the upper limit of the determined
functional entry, to accelerate growth, it is necessary to focus the limited
resource of public debt to finance large-scale infrastructure projects with a
high capital return.

Keywords: growth, debt threshold, fiscal-monetary interaction, scenario
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Introduction. Public debt as one of the important macroeconomic indicators is
the subject of in-depth study, being at the center of many related topics, and cover-
ing various sectors of the economy and transitive channels of redistribution of re-
sources, as well as economic growth as the most aggregate and informative indica-
tor of economic development. The relationship between the level of public debt
and economic growth is not clear. In the scientific literature on certain topics there
are radically opposite conclusions, which, however, do not contradict the fact of
the existence of a certain limit of "debt overhang", the transition over which leads
to a slowdown in economic dynamics. The research field can be divided into three
groups depending on the nature of the relationship between the dynamics of public
debt and economic growth, which can be positive, indifferent or negative.

In addition to the above, there are also studies aimed at determining the critical
level of public debt, thus establishing the framework of the fiscal space within
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which the state can use the instrument of borrowing to achieve economic policy
objectives. Such studies a priori suggest the existence of three empirically con-
firmed types of relationship between public debt and economic growth. Being in
the field of fiscal space, public debt has a positive effect on economic growth. As
the growth rate increases, this connection becomes less and less noticeable and be-
comes neutral at its apogee, which corresponds to the critical level. Beyond a cer-
tain critical point, the impact of public debt on economic growth is becoming nega-
tive.

According to the basic idea of the study, and with the use of the modeling tools
previously developed by the author to determine the critical size of the "debt over-
hang", the task was set to determine the approximate functional relationship be-
tween the level of public debt and economic growth.

Analysis of research and publications

The question of the probability of positive or negative impact of increased debt
burden on economic growth relates to the definition of scenario conditions for eco-
nomic development, sources of the government borrowing and fiscal policy goals,
which provide for the direction of borrowed funds to cover current and capital ex-
penditures. The theoretical basis for substantiating the positive nature of the rela-
tionship between public debt and economic growth is the Keynesian school, or ra-
ther, the effective action of the Keynesian fiscal multiplier, as well as the famous
Wagner's law, which is called "the law of increasing state activity”) [1]. The effect
of fiscal multiplier has two components: short-term and long-term ones. The short-
term effect is manifested through the encouragement of aggregate demand by in-
creasing government spending, which can be financed by borrowing funds on do-
mestic and foreign capital markets. The long-term component of the manifestation
of productive government spending is associated with the effect of attraction. Due
to this effect, private investments are actively accumulated of in response to in-
creased productive government spending, which has a positive impact on economic
growth in the long run.

Wagner's law explains the strengthening of the active position of the public sec-
tor, which is identified with growing needs of the society to develop and increase
welfare, which occurs against the background of increasing incomes at the macro
level. In our case, we are talking about the size of public sector, which produces
socially necessary costs (whose funding includes the use of borrowed funds) for
infrastructure, defense, education, etc., whose development of which correlates
with the rate of acceleration of scientific and technological progress.

Traditionally, the pronounced positive nature of the impact of government bor-
rowing on economic growth is tracked by scholars in developing countries and in
the initial or middle stages of the formation of the trajectory of debt accumulation.
To confirm this, we should pay attention to the study conducted on the panel data
of 93 countries related to emergent and low-income economies, and covers the pe-
riod 1975-2004. By using linear regression, fixed effects (English: fixed effects,
FE) and the generalized method of moments (GMM), the study [2] found a positive
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and non-linear relationship between domestic public debt and economic growth. In
the paper, in particular, it is noted that % of this connection is translated through
the channels of investment efficiency and aggregate productivity factor, which is
less consistent with the accumulation of debt burden.

Fixation of the neutral relationship between public debt and economic growth is
based on the well-known Ricardian Equivalence Hypothesis. According to the pos-
tulate on which the hypothesis is based, a change in the amount of government
spending financed by borrowed funds automatically leads to a change in private
savings, which ultimately encourages the dynamics of economic growth. In this
context, an important basic prerequisite for the application of the hypothesis is the
absence of restrictions on the amount of borrowings, which do not depend on the
level of income of private agents guided by rational expectations. Although the
Ricardian Equivalence Hypothesis was later criticized as to the fairness of its basic
principles, the results of empirical research could not completely refute the exist-
ence of a neutral effect of public debt on economic growth.

Among the little evidence of the indifference of the impact of public debt on
economic growth is a thorough study conducted by a group of authors on the ex-
ample of 179 countries with different levels of development in the period 1960-
2009 using GMM and panel vector auto regression (PVAR). Indifference of the
connection was confirmed by critical debts, which ranged from 14.6 to 93.7%. The
results of PVAR-modeling also showed the presence of the reverse effect, i.e. the
impact of economic growth on the dynamics of public debt, which found no wide
confirmation in topical studies [3].

The negative impact of public debt on economic growth in theoretical aspects is
associated with the concept of "debt overhang". The concept was first introduced to
the scientific community by Meyer in 1997. Its essence lies in the distortion of the
expectations of private agents (in this case, Ricardian households guided by con-
scious choice when planning their economic activities) on the feasibility of increas-
ing investment spending in response to rising public debt. Such fears are associated
with increased likelihood of the expansion of debt burden in the future to ensure
the government's fulfillment of its debt obligations, which may adversely affect the
companies' financial condition [4]. There are two channels of the negative impact
of growing public debt: the first is due to the restriction of current consumption of
private agents, which is explained by the theory of rational expectations (Ricardian
households), and the second is due to the effect of crowding out private investment
as a result of increased government demand for temporarily free cash balances.

As to the confirmation of the negative impact of public debt on economic
growth, among recent publications, one should point out the work [5]. The study
operated a sample of five groups of countries (86 in total), ranked by the level of
public debt in the period 1960-2009. The theoretical basis for constructing the
basic econometric equation was a modified Solow growth model, which was tested
using PVAR tools. The results for the sample of countries with debt levels up to
60% showed a positive impact on economic growth, while the rest of the model
calculations conducted for ranged samples with debt levels from 61% to 150% +
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confirmed the negative nonlinear nature of this relationship. According to the total
distributed estimate, 10% increase in the level of public debt was associated with a
decrease in economic growth by 2-23 basis percentage points.

Another study, also conducted using VAR tools on the panel data of 31 EU and
OECD countries, did not reveal any significant relationship between the dynamics
and level of public debt and GDP, even taking into account the division of coun-
tries into groups with different per capita incomes. At the same time, the study es-
tablished the fact of a long run reverse negative impact of economic growth on the
level of public debt through the interest rate channel. The paper also emphasizes
the need to consider the rate of debt accumulation, which at some stage can pro-
voke a slowdown in economic growth [6].

Most publications are devoted to determining the critical amount of public debt,
as this topic, depending on the observation period, in one way or another corre-
sponds to the three known types of relationship, that is, the positive, indifferent and
negative ones. The most popular is the work by Reinhart and Rogoff, which based
on a sample of 44 emerging and developed economies over two centuries and 3700
observations using a statistical approach, concluded that there is a critical point of
public debt (at 90%), above which economic growth declines [7].

Testing the critical amount of debt involves the presence of a nonlinear relation-
ship between the studied indicators. Such a connection in the form of a second or-
der polynomial was recorded in [8], where the example of 12 EU countries in
1970-2011 reproduces the nature of the relationship between the level of public
debt and GDP growth. Among the channels of manifestation of a certain depend-
ence are private savings and investments, public investments, aggregate productivi-
ty factor and long-term nominal and real interest rates. Two years later, the authors
presented a theoretical justification for the nonlinear form of communication [9].
However, as noted in [10], such a justification by the authors is valid only in the
case of applying the golden rule of the fiscal regime, when the budget deficit is
associated exclusively with public investment.

Later, Chinese scientists also tested the above-mentioned second order polyno-
mial dependence between the level of public debt and GDP on the example of a
panel data of 102 countries with different development levels of in the period
1980-2016 and received confirmation of its application. Factors that can change the
results of determining the critical amount of debt were the balance of payments,
aggregate savings, the crisis and the level of openness of the economy. The paper
also notes that developing economies are in most cases associated with a lower
critical level of public debt as compared to developed economies [11].

Confirmation of the existence of a nonlinear relationship between public debt
and economic growth in [8] and [11] is somewhat biased, since the use of linear
regression with components forming a second order polynomial involves a nonlin-
ear communication. The theoretical substantiation of the nonlinear form of com-
munication presented in [9] and [10] tends to force the given conditions, which are
complementary with the golden rule of fiscal regime. Even the use of other tech-
niques, in particular the approach based on panel smooth transition regression
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(PSTR), is not without this bias, because it uses the logistics function among the
basic components of communication. In this context, we should highlight the study
[12], where the author on the example of 24 developed and 111 developing coun-
tries, in the period 1970-2012 using the above mentioned PSTR method confirms
the nonlinear nature of the relationship between public debt and GDP growth. The
paper also confirmed the existence of a lower critical level of debt for developing
economies as compared to developed ones, which averaged 88%.

The objective of the study. Given the above results of the analysis of publica-
tions on the relationship between public debt and economic growth, it can be ar-
gued that, despite the variety of empirically proven types of such relationships
from negative to indifferent and positive, question remains about the nature of the
dependence and accuracy of defining the critical amount of public debt for a par-
ticular economy.

Thus, taking into account the above remark, the purpose of writing this article is
to establish an approximate functional relationship between the level of public debt
and economic growth in Ukraine by applying scenario based modeling on the au-
thor's econometric model of fiscal-monetary interaction. The study should confirm
or deny the existence of an inverted U-curve in the relationship between these mac-
roeconomic variables, as well as establish a reasonable maximum (maximum ex-
treme point) and critical amount of public debt in Ukraine at the end of 2019.

Presenting the main material. The construction of the model of fiscal-
monetary interaction is based on separate assumptions, whose theoretical substanti-
ation should be revealed in detail with an emphasis on fundamentally important
points. To derive the relationship between the increase in public debt and economic
growth, we use the equation of the budget constraint imposed by the central bank,
which is based on individual items of its liabilities and assets. According to this
equation, the increase in government debt to the central bank in the current period
relative to the past (AD) together with the central bank's income transferred to the
treasury in the current period (RCBt) is equal to the amount of interest paid by the
fiscal system to the central bank on past borrowings (iD) and increase in central
bank's liabilities, which are represented by the difference between the monetary
base in the current and past periods (AMB) [13, p. 136-137]:

AD + RCB = iD + AMB @

It is known that government debt obligations are not limited to relations with
the central bank, but they also constitute a significant part of the portfolio of securi-
ties in the commercial banks. The operation of commercial banks to purchase gov-
ernment securities in the primary market is often accompanied by accumulation of
the required amount using refinancing instrument. This is most evident in times of
crisis, when the government's financial needs increase due to the implementation of
countercyclical fiscal policy. In this case, refinancing serves as an indirect incen-
tive to repurchase, on the primary market, a certain number of government securi-
ties to operate with the necessary amount of funds, whose purpose is to cover the
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budget deficit. Since refinancing usually mobilizes emission instrument, this direct-
ly affects the size of the monetary base, which corresponds to equation (1).

Central bank revenues and the amount of accrued interest on borrowings by the
fiscal system are of the same order of magnitude, mostly many times less than the
absolute change in the monetary base and government debt to the central bank.
Considering this and ignoring the smaller values, let us assume that the change in
government debt to the central bank is equal to the change in the monetary base. In
this case, the budget deficit is covered by increasing domestic public debt through
the issuance of government securities, which are repurchased by the central bank
using a currency issue. Under certain conditions, we will have:

AD = AMB 2

The described mechanism is called "quantitative easing" (QE). We write the
well-known equation of Fisher's quantitative exchange in the relative values of the
increase in change of the indicators to the previous period, which, assuming a con-
stant velocity of money, is transformed into a ratio according to which the change
in output of goods and services in the economy AY is equal to the difference be-
tween money supply 4M and change in the price level AP:

AY = AM — AP (3)

Note: The transformation of the Fisher equation, which consists of factors, into
an equation, which includes changes in the corresponding components, is per-
formed via sequential application of logarithmic and differentiation operations to
both parts of the equation.

Given the postulates of the modern money theory, which is described in detail
in Ray's work of the same name [14], we can assume that price change AP is main-
ly due to the manifestation of "monetary inflation", which, in turn, is the result of
changes in the monetary base AMB. Substituting AD from equation (2) in equation
(3) for AP, we obtain:

AY = AM —AD:Y;% (@)

Equation (4) shows that the volume of output of goods and services in the econ-
omy corresponds to the dependence of money supply in the economy on the vol-
ume of domestic public debt. When the central bank's money issue is only used for
the needs of public debt monetization, economic growth slows down. In this case,
the so-called “crowding-out effect” is fully manifested, when real sector invest-
ments are replaced by the government's growing demand for temporarily free cash
balances. If the expansion of the money supply exceeds the increase in government
debt to finance the budget deficit, then part of the supply of temporarily free cash
balances of the banking system can be used to meet the investment needs of the
real sector via lending. According to the results of analysis of the described scenar-
io, the investment component of the real sector acquires the signs of a strong factor
in accelerating economic growth in the economy as a whole.
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The described mechanism of interrelation between rates of economic growth,
change of money supply and internal public debt was tested on the statistical data
of Ukraine's economy for 2007-2019. As can be seen from Fig. 1, in periods

when AM2 _, ~economic growth accelerated as much as the ratio was higher, and
ADint

vice versa, in the periods when the ratio AM2 _,was fair, economic growth slowed
ADint

down in proportion to the decrease in this ratio. In addition, it is noteworthy how
similar the described trajectory is to the dynamics of real GDP (correlation coeffi-
cient equal to 0.7).
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Fig. 1. GDP alongside the ratio of change in M2 to change in domestic government
bonds
Source: State Statistics Service of Ukraine (URL: http://www.ukrstat.gov.ua/), National Bank of
Ukraine (URL: http://www.bank.gov.ua/), Ministry of Finance of Ukraine (URL: http: /
/www.mof.gov.ua/) and author's calculations.

The results of the above-stated theoretical substantiation were used in the development
of the model of fiscal-monetary interaction. The model covers three structural blocks: real,
fiscal and monetary. The capital factor is represented by the volume of public investments.
Since the dynamics of changes in the total sum of capital investments in Ukraine during the
dominance of the public debt factor on macroeconomic dynamics is largely determined by
the influence of the volatility of funding from the government and local budgets, the pro-
posed approach can be justified. The relationship between the real and budget sectors is
realized via fixing capital flows in the money and foreign exchange markets. The initial
parameters of the model include the amount of domestic public debt on securities, whose
vast majority are domestic government bonds (IGLBs), and the number of economically
active population. In this case, the change in the volume of IGLBs in circulation is both a
source of covering the budget deficit, and a significant factor influencing the interaction
between the money and foreign exchange markets, which ultimately determines the dynam-
ics of the CPI and exchange rate. The resulting indicator of the model is real GDP.

Note: the initial variable domestic public debt on securities was used, considering the
fact that this component is dominant (over 90%) in the structure of domestic public debt
(excluding government-guaranteed debt).
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From a technical point of view, the model is a system of simultaneous equations con-
structed using quarterly time series. The time interval of the retrospective includes the peri-
od 2005-2019 (60 observations). The approximation of the forecast values of the dynamics
of IGLBs in circulation is reproduced using a second-order polynomial
(y=0.27x2 —-0.99x—7.36, R?=0,98). The range of domestic government bonds

movement is normalized to the volume of total public debt. The reason for this approxima-
tion is the relative parity between the shares of domestic and foreign public debt in Ukraine
with slight fluctuations. For the model's detailed structure and statistical characteristics of
the regression equations see the author's work [15].

The scenario modeling is reproduced for the period 2016—2019, which is characterized
by relative macroeconomic stability between two adjacent crises. The GDP dynamics in
this period is characterized by an upward linear trend of the type y = 0.09x +1.08 To

determine the maximum extreme of the relationship between the level of public debt and
GDP change, the polynomial trend approximating the dynamics of government borrowing
deviated upwards in proportion to the change in the inclination angle. In response to the
increase in government borrowing, the rate of GDP change gradually slowed down, corre-
sponding to the decrease in the angle of linear trend. Based on the results of scenario mod-
eling, the maximum level of public debt (63.8%) was determined, above which the GDP
rate begins to decrease (Table 1).

Table 1
The culmination of the relationship between public debt and GDP
Public debt, % to GDP | Slope of the GDP trend
58,9 0,09
59,4 0,08
60,0 0,07
60,6 0,06
61,1 0,05
61,7 0,04
62,2 0,03
62,7 0,02
63,3 0,01
63,8 0,00
64,3 -0,01
64,8 -0,02
65,3 -0,03
65,8 -0,04

Source: author's calculations.

To determine the functional relationship between the level of public debt and
GDP, the scenario modeling was repeated, but this time with the fixation of two
other indicators: the arithmetic mean of the level of public debt and GDP for four
consecutive years (2016-2019). Based on the scenario simulation, a curve was con-
structed that indicates the relationship between the level of public debt and GDP in
Ukraine (Fig. 2). The curve is well approximated by the functional dependence of
the second-order polynomial (R2 = 0.98), which corresponds to the results of the
studies presented in [9, 11]. The critical level of debt was 87.4%, which is close to
the value of 88% obtained by experts in another study conducted on the elemental
basis of developing countries [12]. As can be seen from Fig. 2, the development of
Ukraine at the end of 2019 is in a phase that is close to the maximum extremity
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point of a certain functional dependence, leaving little fiscal space for maneuver.
Therefore, at the current stage of development of Ukraine's economy in order to
speed up economic growth, one can only operate within a small amount of in-
creased government borrowing with a focus on more efficient investment projects.
Typical objects with high capital return include large-scale infrastructure complex-
es, innovative social transformations, including health care and education, as well
as transitive channels of information exchange.
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Fig. 2. Scenario modeling results of the relationship between public debt and GDP
Source: author's calculations.

Conclusions

Of the three types of relationship between public debt and economic growth, namely
positive, negative and indifferent effects, the imaginary approximation of the trajectory of
such a relationship is mostly in the form of an inverted U-curve. The results of the scenario
assessment using the econometric model of fiscal-monetary interaction made it possible to
build a certain functional dependence for Ukraine's realities. The form of dependence is
similar to inverted U-curve, with the point of maximum extreme corresponding to the level
of public debt of 63.8%. At the same time, the critical point, i.e. the limit at which econom-
ic growth rates become negative, corresponds to the amount of public debt at 87.4% of
GDP. Given the fact that the development of Ukraine's economy is in a phase that is close
to the maximum extreme of a certain functional dependence, to accelerate economic dy-
namics, the country's limited debt resource should be focused on funding efficient invest-
ment projects with high capital returns.

Further research on the relationship between public debt and economic growth should
include a more detailed study of the impact of external sources of budget deficit financing
on the development of Ukraine's economy.
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Cepeiu Illeeun?

MOJIEJIIOBAHHA BIVIMBY JEPKABHOI'O BOPI'Y
HA EKOHOMIYHE 3POCTAHHS B YKPAIHI

Pozznsdaromsbest MoOOesbHL Ni0xX00U 00 8USHAUEHHSL 3A/IeIKHOCML MK pi-
8HeMm OeprKkaeHoz20 bopzy | memnamu eKOHOMIUHO20 3POCMAHHSL. EmnipuuHi
0oKasu Has8HOCMi NO3UMUBH020, HEeUMmpPaibHO20 | He2amueHo20 38'Aa3KYy
MK NOKA3HUKAMU 38005imbCst 00 HeNiHiliHOT pyHKYil eudy nepesepHymoi
U-kpueoi, meopemuure ob6TpYyHMYyEAHHS KO ACOUIIOEMBCSL 3 BUKOPUCMAH-
HSLM 3010mM020 Npasuaia PicKanbHo20 pexxumy. ns nepesipku emnipuuHux
dokaszie HAa NPUKLAOL EKOHOMIKU YKpaiHu noO0aHo CueHapHYy OUIHKY HA 3a-
cadax euKopucmaHHs nobyooeaHoi eKoHomempuuHoi moleni @GiCKanbHO-
MoHemapHOT 83aemo0ii. Pesynomamu cueHapHoz0 MO0esn08aHHsT niomeep-
Ounu ICHYBAHHSI PYHKUIOHANBLHOL 30IeHKHOCMI, UL0 KOpecnoHOYyemucsi 3 no-
JUHOMOM OpYyz2020 nopsioky. BcmaHO8eHO maKosK MAKCUMANTbHUL pigeHb

2 IIBeus, Cepriii MuxaiijloBU4 — KaHA. €KOH. HayK, CTapIINH HAyKOBHIA CIIBPOOITHHK,
JY "lHctuTyt ekoHOMiKM Ta mporHodyBanHs HAH Vkpaiau" (Byn. I1.Mupnoro, 26, Kuis, 01011),
ORCID: 0000-0002-3102-9784, Scopus Author ID: 57218000426, e-mail: smserg@ukr.net
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OdepokasHozo bopey (63,8%), suwe 3a saxuii memnu BBII 3meHwyromscs, ma
KpumuuHy mexy oeprxasHozo bopay (87,4%), 3a sikoi memnu eKoHOMIUHO20
3pocmaHHs nouuHarome Habyeamu 8i0' emHux 3HaueHb. OCKinbKu, 3a pe-
3ynbmamami. MoOOeN08AHHS, PO38UMOK eKOHOMIKU YKpaiHu Habauxaemo-
csi 00 MOUKU MAKCUMANBLHOZ0 eKCmpemymy eusHaueHol pYyHKUIOHANbHOT
3aneskHocmi, 0isl NPUCKOPEHHST eKOHOMIUHOI OUHAMIKU 8apmo cpokycyea-
mu obmeskeHuil bopzosuil pecypc oepxasu HA PIHAHCYBAHHI MACULMAOHUX
IHppacmpyKmypHUX NPOEKMIB, WO XApaKmepusyromscsi 8UCOKO Kanima-
JIbHOMO giddauero.

Knrouoei cnoea: eKoOHOMIUHE 3POCMAHHS, KpUMUUHUL po3mip bopey,
ickanbHO-MOHEMAPHA 83AeMO0isl, CUEeHApPHEe MOOENI08AHHS, eKOHOMem-
PUUHA MAKPOMOOENb
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