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Abstract: The short- and long-term effects of public debt on economic growth in EU countries is
analyzed in this paper, using data that covers a period of 25 years (1995-2019). For public debt, we
used a proxy general government gross debt (as a percentage of GDP), while for economic growth,
we used the real GDP per capita growth rate. In addition, our models include a set of control
variables to highlight the impact of other determinants on economic growth. We utilized several
econometric methodologies related to ARDL (autoregressive distributed lag models), such as the
pooled mean group (PMG), the mean group (MG), and the dynamic fixed effects (DFE) models. The
results of the study show that in both the short and long term, an increase in public debt is negatively
and significantly associated with economic growth. Specifically, in both the short- and long-term
analyses, the estimated coefficients of public debt were statistically significant and negative, while
the magnitude of the negative impact on economic growth differed. In view of these findings, we
consider both the rigorous monitoring of the level of public debt and the control of public allocation
to support economic growth to be of major importance.

Keywords: public debt; economic growth; long-term effects; autoregressive distributed lag models;
EU countries

1. Introduction

The link between public debt (control) and economic growth is one of the macro-
economic issues that has been intensely debated by economists due to its economic and
social implications, as well as its complexity.

Economic theory maintains that public debt can either stimulate the economy or hinder
economic growth depending on the size and structure of the public debt, but also on the
allocation of the borrowed resources. The positive effects of public debt would manifest only
if the borrowed funds were used to finance productive government expenditures, which
would promote solid and sustainable economic growth. According to the conventional view,
public debt has a positive effect on short-term economic growth by stimulating demand
and production. However, economic theory indicates that, in the long run, an increase in
public debt has a negative impact on growth by crowding-out private investment. High
public debt can discourage private investment and curb economic growth through higher
long-term interest rates, higher inflation, higher future distortionary taxation, and greater
uncertainty about prospects and policies (Kumar and Woo 2010).

The unprecedented increase in public debt in all the countries of the world, including
the member states of the European Union, but especially those in the euro area, amid the
recent international crisis has led to a considerable increase in the interest of researchers
and policymakers in examining the economic impact of increasing public debt. Starting
with two fundamental papers by Reinhart and Rogoff (2010a, 2010b) on the impact of
public debt on economic growth, a growing number of studies have empirically explored
the relationship between public debt and economic growth and have sought to identify the
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level from which debt starts to have a detrimental effect on economic growth. However, the
research results in the literature are ambiguous due to the time period analyzed, the sample
of countries considered, and the empirical methodology used. Moreover, there is no clear
evidence of a causal relationship between public debt and economic growth (Panizza and
Presbitero 2014) by which an increased level of the public debt-to-GDP ratio would lead to
decreased economic growth, or, vice versa, by which weak economic growth would lead to
an increased public debt.

The current economic crisis generated by the COVID-19 pandemic has led to signifi-
cantly increased public debt and reduced economic activity in many states, including those
that are part of the EU (Butkus et al. 2021). This has deepened the concern regarding the
possible adverse effects of the accumulation of public debts. In this context, the rise in
academic debates and in policy makers’ discussions regarding the nexus between public
debt and economic growth is of interest, especially in terms of the possible impact of
increased public debt on economic growth.

Given the so far unclear correlation between the level of public debt and economic
growth and given the need to establish whether public debt hinders or stimulates eco-nomic
growth, the main objective of our study is to empirically examine the long- and short-term
impact of public debt on economic growth in EU countries using data covering the period
1995-2019. We utilize several econometric methodologies related to ARDL (autoregressive
distributed lag models), such as the pooled mean group (PMG), the mean group (MG), and
the dynamic fixed effects (DFE) models, using the methodology proposed by Blackburne
and Frank in 2007, as well as the method proposed by (Chudik and Pesaran 2013, 2015)
and implemented by Ditzen (2018), which controls for common-correlated effects. The use
of the ARDL is based on dependence of the dependent variable on its own lags. The choice
is better explained in the literature review and in Section 4. The proposed methodology
(error-correction model) is based on controlling at least for: non-stationary in levels for
the series, cointegration between variables, the presence of some outliers, the long-run
relations on variables implied. Further explanations are available in Section 4, Results and
Discussion.

The previous research on public debt and economic growth shows that most studies
have analyzed the impact of public debt on economic growth, either in the short or long
term, but few studies have considered both time periods.

The added value of the study lies in a more up-to-date analysis and the use of new
empirical methodologies.

This paper contributes to the literature that is focused on the link between public
debt and economic growth in two ways. First, we offer new insights into the short- and
long-term effects of public debt on economic growth in 28 European countries (including
the UK) using the latest data available for the analyzed variables. Secondly, our research
uses new empirical models based on the research methodology of Chudik and Pesaran
(2013, 2015), as mentioned above. To our knowledge, there are few studies, especially few
recent ones, that have evaluated the short- and long-term effect of public debt on economic
growth using the ARDL approach considering all the EU countries. Therefore, our research
fills this gap, providing new empirical evidence regarding the possible impact of public
debt on economic growth in 28 EU countries, in both the short and long term.

The remainder of this study is organized as follows: Section 2 briefly reviews the
literature, especially the empirical findings on public debt and economic growth. Section 3
explains the data and presents the empirical methodology. Section 4 reports the empirical
results and the related discussion. Finally, Section 5 offers some concluding remarks.

2. Literature Review

A topic of interest discussed in several studies focused on examining the relationship
between public debt and economic growth refers to the channels through which public
debt could affect economic growth. Knowing them is important for policymakers in
order to adopt measures that allow the control of public debt and the stimulation of
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economic growth. Pattillo et al. (2004) empirically argues that a high level of debt would
have a negative impact on economic growth through the strong negative effect on capital
accumulation and productivity growth. Other authors (Sutherland and Hoeller 2012) point
out that a high level of debt can negatively affect macroeconomic performance by reducing
the possibility for a government to react effectively to adverse shocks. Another key channel
is that of interest rates through which public debt would influence financial stability, private
spending and, therefore, economic growth (Casni et al. 2014). In the study developed by
Checherita-Westphal and Rother (2012), attention is focused on the empirical examination
of the impact of public debt on economic growth in the euro area through several channels,
namely private saving and private investment rate, public investment rate, total factor
productivity, and sovereign long-term nominal and real interest rates. The authors find
that public debt can have a non-linear effect on economic growth through the channels of
private saving, public investment and total factor productivity.

The analysis of the literature on public debt and economic growth reveals the existence
of an impressive number of studies, both theoretical and empirical, that have examined
the relationship between public debt and economic growth. However, there is no solid
evidence to confirm a definitive negative or positive relationship between public debt and
GDP growth. In a systematic review of 33 articles, Rahman et al. (2019) highlighted that
such a relationship can be negative, positive, or even non-linear. An increasing number
of empirical studies have indicated an inverted U-shape relationship between public debt
and growth; therefore, the impact of low-level public debt on economic growth is positive,
while beyond a certain threshold, public debt has a negative effect on economic growth
(Kumar and Woo 2010; Reinhart and Rogoff 2010a, 2010b; Checherita-Westphal and Rother
2012; Baum et al. 2013; Mencinger et al. 2014, 2015; Bilan and Ihnatov 2015; Law et al.
2021; Liu and Lyu 2021). Kumar and Woo (2010) identified an inverse relationship between
initial debt and subsequent growth for a sample of developed and emerging countries
in the period 1970-2007. Their research results showed that, when the debt-to-GDP ratio
increased by ten percentage points, the annual growth of real GDP per capita decreased by
about 0.2 percentage points per year, with a smaller effect in the case of developed countries.
Their research also indicated that only high levels of debt (above 90 percent of GDP) have a
significant effect on economic growth. In this regard, Reinhart and Rogoff (2010a), using
data covering the period 1790-2009 and focusing on a sample of 44 developed and emerging
countries found that when debt was below 90% of GDP, its effect on economic growth
was positive but weak, while the effect was negative and significant when the debt was
above the threshold of 90% of GDP. The results of the study by Reinhart and Rogoff (2010a)
regarding the impact of government debt on economic growth have given rise to a series
of disputes and have led to an intensification of the concerns of some authors to assess to
what extent the findings of Reinhart and Rogoff (2010a) would be solid. Thus, Herndon
et al. (2013) empirically analyze the results of Reinhart and Rogoff (2010a, 2010b) and find
that the relationship between public debt and economic growth would be incorrect due to
some coding errors, the exclusion of some available data and an unconventional weighting
of summary statistics. The authors also argue that the relationship between public debt
and economic growth varies significantly, depending on the time period analyzed and the
country. In addition, some authors (such as Panizza and Presbitero 2013; Eberhardt and
Presbitero 2015) show that there is no evidence of a common debt threshold beyond which
economic growth would decrease significantly. In another study, Panizza and Presbitero
(2014) argue that the link between public debt and growth disappears once endogeneity
is corrected.

Several studies (presented below) have empirically argued that the relationship be-
tween public debt and economic growth is non-linear. In addition, the authors of the
mentioned studies emphasize that this relationship is characterized by great heterogeneity
between countries and may vary over time within countries.

The study by Checherita-Westphal and Rother (2012) analyzed the impact of public
debt on economic growth for 12 eurozone member states for the period 1970-2010. The
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results of the study indicated a highly statistically significant non-linear relationship be-
tween public debt and the GDP per capita growth rate. The authors found that the effects of
public debt on economic growth were negative when public debt reached a level of about
90-100% of GDP. Referring to the same twelve countries in the euro area but analyzing a
different time period and using a different research methodology, Baum et al. (2013) found
that public debt lower than 67% of GDP had a positive impact on short-term economic
growth; however, the effects became insignificant beyond this threshold, and were negative
when the debt ratios increased to over 95% of GDP. The study conducted by Mencinger
et al. (2014) analyzed the short-term impact of public debt on economic growth, taking
into account a sample of 25 EU member states for the period 1980-2010. Their empirical
results indicated a non-linear and concave relationship between public debt and economic
growth. In addition, the authors calculated the threshold value of public debt, which was
approximately between 80% and 94% for the “old” member states and between 53% and
54% for the “new” member states. Using a panel dataset for 31 OECD member states
and 5 non-OECD EU member countries, Mencinger et al. (2015) examined the effects of
public debt on economic growth in the short term. The results showed that the impact of
low-level public debt on economic growth was positive, while beyond a certain turning
point, debt had a negative effect. The authors also determined the public debt-to-GDP
turning point, which was between 90% and 94% for developed economies and between 44%
and 45% for emerging countries. Using data for 118 countries, Eberhardt and Presbitero
(2015) found a negative long-run relationship between a country’s public debt and growth.
In addition, the authors stressed that the link between public debt and economic growth
is complex and, in order to identify the tipping point beyond which an increase in public
debt has detrimental effects on economic growth, the characteristics of each country must
be taken into account. Egert (2015) in his paper supported the existence of a negative
non-linear relationship between public debt and economic growth but emphasized that
such a relationship would greatly depend on the time period and the countries analyzed, as
well as the empirical models used. The author showed that, when a non-linear relationship
is identified, levels of public debt between 20% and 60% of GDP already exert negative
effects on growth.

The relationship between public debt and economic growth was also empirically
explored by Chudik et al. (2017) based on a dataset for 19 developed countries and
21 developing countries for the period 1965-2010. The authors investigated the value of
the public debt threshold beyond which economic growth falls significantly. Their study
identified a debt threshold of between 60% and 80% for the entire sample of countries, of
80% for the developed countries, and between 30% and 60% for the developing countries.
In addition, the study showed that, regardless of the debt threshold, there was a negative
and significant relationship between increasing public debt and economic growth in the
long run.

A more recent study (Fetai et al. 2020) examined the extent to which public debt growth
affected economic growth in the European transition countries for the period 1995-2017.
The results of the study showed a non-linear and concave relationship between public debt
and economic growth, as well as the fact that the threshold values of public debt differed
among European transition countries. The authors found that the threshold value of the
debt-to-GDP ratio was lower for less developed European transition countries than that of
developed European transition countries.

Identifying the critical point or threshold of the public debt-to-GDP ratio is of great
interest to researchers and policymakers because it is a crucial element in the design of a
fiscal policy aimed at avoiding excessive indebtedness (Law et al. 2021). Bentour (2021)
emphasized that there is no public debt threshold common to all the countries and that
the relationship between public debt and economic growth varies either at country level,
sample level, or depending on the time period analyzed. Moreover, Pescatori et al. (2014)
sustained that there is no clear evidence that economic growth is bound to suddenly
deteriorate beyond a certain threshold of debt to GDP. Analyzing the cases of the countries
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with a substantial debt that showed a decreasing trend, the authors showed that these
countries” economic growth registered similar increasing performances to those of the less
indebted countries. These results sustain the idea that the trajectory of debt is a more
important predictor of future economic growth than the level of debt.

The research paper by Liu and Lyu (2021) revealed that there is a non-linear rela-
tionship between public debt and economic growth, both in developing and emerging
countries, and in developed countries. However, the debt threshold differs from one
country to another, depending mainly on the current account balance, gross savings, crisis,
and the degree to which the economy is opened. Comparatively, other studies—such as
(Bilan and Thnatov 2015; Eberhardt and Presbitero 2015; Ramos-Herrera and Sosvilla-Rivero
2017)—have highlighted the presence of a heterogeneity in the relationship between debt
and growth, in the sense that the effects of public debt on growth may vary depending on
the macroeconomic, financial, and institutional variables specific to each country. Analyz-
ing the recent literature on the link between public debt and economic growth, Panizza
and Presbitero (2013) pointed out that the relationship between these two variables is char-
acterized by a large cross-country heterogeneity and may vary within countries over time.
Similarly, Chudik et al. (2017) showed that the impact of public debt on economic growth
differs from country to country depending on country-specific factors, such as the degree
of their financial deepening, the history of past debt settlement, and the nature of their po-
litical system. Using a panel dataset for 82 countries, Kourtellos et al. (2013) argued that the
effect of public debt on growth depends on a country’s democratic institutions. The results
of the study indicated that, in countries with poor institutional quality, the impact of public
debt on economic growth was negative, while in countries with a high-quality institutional
framework, the impact of public debt was neutral. Using data for EU countries, Masuch
and Moshammer (2017) argued that the significant negative effect of high-level public debt
on long-term economic growth could be mitigated by the presence of well-established
institutions. Among recent studies, Law et al. (2021) noted for a panel of developing
countries, that high levels of public debt are detrimental to economic growth; however,
such negative effects could be minimized by the presence of high-quality institutions.

Several studies—e.g., (Gémez-Puig and Sosvilla-Rivero 2018; Casni et al. 2014; Afonso
and Alves 2015; Albu and Albu 2021; Asteriou et al. 2021)—have focused on examining
the link between public debt and economic growth, both in the short and long term,
using different econometric models. Thus, based on a dataset for a sample of 14 central,
eastern, and south-eastern European countries for the period 2000-2011, Casni et al. (2014)
demonstrated that public debt has a significant negative effect on GDP growth, both in the
short and long term. The authors emphasized the need to design policy frameworks that
encourage exports and promote long-term investment so as to stimulate sustainable growth.
The results of the study were confirmed by the paper by Afonso and Alves (2015), which
analyzed 14 European countries for a period of 43 years (1970-2012). They found that debt
service had a greater negative effect on economic growth than public debt. Using data for
20 developing countries, Lof and Malinen (2014) did not find a statistically significant effect
of debt on economic growth in the long term. Moreover, in their study they highlighted
that in the long term, the negative correlation between public debt and GDP growth mainly
refers to the negative influence of economic growth on public debt. Similarly, but referring
to 26 developing countries, Vanlaer et al. (2015) found that in the short term, an increased
level of public debt has a negative effect on economic growth, while the impact is weaker
in the medium term and non-existent in the long term. The authors sustained that weak
economic growth leads to an increased level of debt, but not the other way around. Jacobs
et al. (2020) empirically explored the relationship between public debt and economic
growth for 31 EU and OECD countries. The authors did not find a causal relationship
between public debt and economic growth, regardless of the level of public debt. Instead,
they found a causality between economic growth and public debt, which suggests that
weak economic growth leads to an increase in the level of public debt by increasing the
real interest rate in the long term. In comparison, Gomez-Puig and Sosvilla-Rivero (2017)
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empirically explored the link between public debt and economic growth by using the
ARDL (autoregressive distributed lag) method for a database of 11 Eurozone countries
for the period 1961-2013. The results of the study showed that public debt always exerts
a negative impact on long-term economic growth, while its short-term effects could be
positive, depending on the country. The authors argued that high public debt hinders
economic growth by increasing uncertainty over future taxation, crowding out private
investment, and weakening a country’s resilience to shocks.

When analyzing the literature, we found a small number of papers, especially recent
ones, that examined the impact of public debt on economic growth in all of the European
Union countries. In addition, we found that few papers have used the ARDL approach and
assessed both the short- and long-term effects of public debt on economic growth. Thus, this
paper complements the literature by empirically estimating the short- and long-term effects
of public debt on economic growth in 28 European countries, using the ARDL approach.

3. Data, Variables, and Methodology

The aim of our research was to identify and analyze the short- and long-term effects of
public debt on economic growth. Our analysis focuses on the 28 EU member states (the
United Kingdom was taken into account because, at the time of the analysis, it was part of
the EU) and covers a period of 25 years (1995-2019).

The dependent variable in our models is represented by the real GDP per capita
growth rate, used as a proxy for economic growth. The key explanatory variable is public
debt, measured in our study by the general government gross debt as a percentage of
GDP. In addition, our models include a set of control variables to highlight the impact of
other determinants of economic growth. These variables were selected according to other
empirical studies—such as (Kumar and Woo 2010; Bilan and Ihnatov 2015; Mencinger et al.
2015; Afonso and Alves 2015; Gomez-Puig and Sosvilla-Rivero 2017)—and are represented
by gross fixed capital formation (gfc), the general government total expenditure (exp),
the openness of the economy (open), the inflation rate (infl), the population growth rate
(popgr), and the general government budget balance (ggbb).

The data on these variables were mainly obtained from the IMF’s World Economic
Outlook Database and Historical Public Debt Database, and the World Bank’s World
Development Indicators (WDI) Database. A brief description of the variables and data
sources is highlighted in Table 1.

Table 1. Description of the variables and data sources.

Variable Name (Symbol) Definition Data Source

Annual percentage growth
rate of GDP per capita based
on constant local currency.

Real GDP per capita growth
rate (rgdp)

World Bank (World
Development Indicators)

International Monetary Fund
(Historical Public Debt

Database);

General government gross IMF Country Report, 1999, for

debt (% of GDP). Bulgaria (1995-1996); AMECO

for Latvia, Lithuania
(1995-1997), and Romania

(1995-1999)

GDP per capita (constant 2010 World Bank (World
USD). Development Indicators)

Public debt (debt)

GDP per capita (gdp)
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Table 1. Cont.

Variable Name (Symbol)

Definition

Data Source

Gross fixed capital formation
(% of GDP) (gfc)

Gross capital formation
focuses on physical
investments, such as land
improvements, buying
equipment or machinery, etc.

World Bank (World
Development Indicators)

General government total
expenditure (% of GDP) (exp)

Total expenditure consists of
total expenses and the net
acquisition of nonfinancial

assets.

International Monetary Fund
(World Economic Outlook
Database); AMECO for
Bulgaria (1995-1997), Estonia
(1995-1997), and Malta
(1995-1999)

Openness of the economy (%
of GDP) (open)

The sum of exports and

imports of goods and services
as % GDP.

World Bank (World
Development Indicators)

Inflation rate (annual %) (infl)

The annual percentage change
in the cost of acquiring a
basket of goods and services.

World Bank (World
Development Indicators)

Population growth (annual %)

(popgr)

Annual population growth

rate of the population from

year t-1 to t, expressed as a
percentage.

World Bank (World
Development Indicators)

General government budget
balance (% of GDP) (ggbb)

General government net
lending /borrowing (percent
of GDP).

International Monetary Fund
(World Economic Outlook
Database); AMECO for
Bulgaria (1995-1997), Latvia
(1995-1997), and Malta

(1995-1999)

Source: authors” own elaboration.

The econometric methodology is generally based on a pooled OLS general model
that does not account for distinct entities and refers to the classical linear regression, as
described in equation no. (1). Here, we explain the general model and time series model;
finally, we focus on panel data, accounting for differences in individual means related to
country specifics.

Ye = B1+ BaXe + ¢y

The main disadvantage of the classical linear regression model is that it requires X and
Y to be stationary in covariance. A major problem that could be encountered is the presence
of non-stationarity in the data that can be verified, for instance, with the Dickey and Fuller
test (DF test; Dickey and Fuller 1979), which checks for the existence of a unit root, based
on the AR(1) model. Sometimes, the error term may not be white noise; in this situation,
an augmented version of the test (ADF test) that includes additional lagged terms of the
dependent variable in order to control for serial correlation in the test equation, is used.
Further, using the method of moments for standard errors to account for serial correlation—
as in Newey and West (1987)—Phillips and Perron (1988) developed a generalization of
the ADF test procedure. The choice of methodology is related to the fact that in time series
and panel data, the variables are usually co-integrated, making it necessary to rely on an
error-correction model (ECM), which is stationary.

To test the stationarity in the panels, we used a variety of tests (for unit roots) in the
panel dataset. Tests (Levin et al. 2002; Harris and Tzavalis 1999; Breitung and Das 2005;
Im et al. 2003) and the Fisher-type (Choi 2001) have the null hypothesis HO: all the panels
contain a unit root. The LM test (Hadri 2000) has the null hypothesis HO: all the panels are
(trend) stationary.
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We present, in Equation (2), the autoregressive distributed lag models ARDL (p, q) as
a theoretical base for the ECM model (3).

In autoregressive distributive lag models, when variables are co-integrated in (4), the
error term is an I(0) process for all i (units). The model estimates the responsiveness to any
deviation from a long-run equilibrium; therefore, in the error-correction model, the short-
run dynamics of the variables (in the system) may be influenced by their deviation from the
equilibrium. The model from (2) refers to the estimation of non-stationary heterogeneous
panels (Blackburne and Frank 2007).

P q
Yie = ) AiYip i+ ) 6 Xiej + i+ €, ()
j=1 j=0

In the case of non-stationary variables and cointegration, an error-correction term is
used, so the model can be written as Equation (3).

p—1 q-1
Ayir = ¢i(yip—1 — 0] Xit) + 121 AjindByip—1 + ‘ZO Oif AXip—j + pi + €ir, 3)
j= j=
where:
_ p _ q * p
(Pi = — (1 — =1 /\1’]'>, 91' = 2].:0 (51]/ (1 — Zk Aik)/ and /\1] = — m=j+1 /\im

wherei=1,2,..., N is the number of groups; t =1,2, ..., T is the number of periods; X is
a k x 1 vector of explanatory variables; é;; = it is the k x 1 coefficient vectors; (p,q1, ..., qk)
are ARDL lags; ij are scalars; y; is the group-specific effect.

For the second methodology we used the notation as in (Ditzen 2018). The model with
one lag of the dependent variable can be written as in Equation (4):

Vit = & + Ayip1 + Bixir + i 4)

Including the number of lags as pr = {\3/? J , added for both the dependent variables
and the strictly exogenous variables the equation become as in (5).

In this case, to control the common correlated effects, the model can be written as
Equation (5), considering one lag of the dependent variable and z; = (¥,_;, X¢) see (Ditzen
2018, p. 588).

PT -
Vie =0+ Aiyip1 + BiXie + Y Sz + et %)
1=0

When an error-correction term is used, the Equation (5) can be written as Equation (6).
PT ,
Ayip = ¢ilyis—1 — 00 — 01,i%i 1] + Boidxip + Y 0 Ze1 + ey (6)
1=0

Our models, considering the first methodology (Blackburne and Frank 2007) involving
the dependent and independent variables, are collectively presented in Equation (7):

p—1 -1
Argdpy = ¢i(rgdpis—1 — 0} (debtiy +Tiy)) + 421 AjnArgdpi 1 + 'Zo G;7 A(debt +T);, i+ pi +€ir, )
= J=

Based on Equation (3), we have used Xj; as being formed from debt;; and I';; _j, the
control variables (i.e., popgr (population growth (annual %), gfc (gross fixed capital forma-
tion (% of GDP)), open (openness of the economy (% of GDP)), exp (general government
total expenditure (% of GDP)), ggbb (general government budget balance (% of GDP)), and
infl (inflation rate (annual %))).
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Using the second methodology (Ditzen 2018), the model can be written as Equation (8).

Pr
Argdpi = ¢ [rgdpi,t,l —6p,; — 6,(debt + F)l-,t_l} + BoiA(debt +T); , + Z (5{,@_1 +ejy (8)
1=0

For the equation above, I';; considers the control variables (e.g., popgr, gfc (gross fixed
capital formation (% of GDP)), open (openness of the economy (% of GDP))).

The results are presented and explained in the following section.

The model takes into consideration the long-term effects in the first part of the equation,
{¢pi (rgdp,'/t,l — Gfxit) }, and the short-term effects in the remaining part. The coefficients
are computed using xtpmg Stata modules that use the maximum likelihood estimation
(MLE) framework to implement the PMG estimator, which is an iterated process of initial
conditional estimates to update the estimate of Qf—see Equation (2); see also (Blackburne
and Frank 2007) for the MG and PMG estimators.

The coefficient of adjustment ¢; should be negative and statistically significant for the
existence of a long-term relationship; further, it shows the adjustment speed to a long-run
equilibrium. The ECM term ¢; states that the deviation from the long-term GDP growth is
corrected by ¢; percent over the following year. The vector 6/ contains the coefficients of
the long-term relationship among the variables (in our case, between the growth rate of
GDP per capita and debt). If, in the long run, there is a change in the independent variable
(debt) by one unit, it is expected that the dependent variable will change by 6] (value
of coefficient). For the short-run coefficients, the explanation is similar. An immediate
shock—an increase in an independent variable (e.g., debt) by one unit—has a proximate
effect on the dependent variable quantified by the B} coefficient. To test if our results were
robust, some control variables (I';;) were added, and we expected the coefficient sign of the
interest variable to remain unchanged.

4. Results and Discussion

Table 2 presents the statistical description of the variables used in our analysis for the
28 EU member countries.

Table 2. Descriptive statistics of the variables.

Variable Obs. Mean Std. Dev. Min. Max.
year 700 2007 7.2162 1995 2019
rgdp (real GDP per capita
growth rate) (real GDP per 700 2.5119 3.5047 —14.2700 23.9900
capita growth rate)
debt (public debt) 700 56.8950 33.4668 3.800 184.8000

popgr (population growth

o 700 0.2250 0.8062 —3.8500 3.6500
(annual %)
gfc (gross fixed capital
formation (% of GDP)) 700 22.1509 4.0943 4.4500 43.4400
open (openness of the economy
(% of GDP)) 700 111.7119 62.7981 37.1100 408.3600
exp (general government total
ex-penditure (% of GDP)) 700 44.2795 6.9317 24.2000 65.1100
g8bb (general government 700 —24970 33877  —32.0800  6.7300

budget balance (% of GDP))
infl (inflation rate (annual %)) 700 5.3371 40.935 —4.4800  1058.3700

Source: authors’ calculations.
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The data revealed the existence of significant variations for all the variables in the
analyzed period.

Our data consisted of 700 observations over the time span between 1995 and 2019.
Because the GDP per capita was quantified in constant USD, while the other variables
were usually expressed as percentages, the values were far from other statistics. We use
the growth rate of GDP per capita, which has a mean of 2.51 and a standard deviation
of 3.50. For the variables, the minimum value was —14.20 and the maximum was 23.90.
Analyzing the dataset, we have found that 59% of debt observations (413 of 700) are below
the threshold of 60%, meaning that in the specified period the EU countries had controlled
the public debt level. The five most extreme values are presented in Table 3, showing that
the maximum GDP per capita growth rate was encountered in Ireland in 2015, with a value
of 23.99, while the minimum growth rate was found for Estonia in 2009, with a value of
—14.27.

Table 3. GDP growth and debt — the lowest and the highest values (1995-2019).

Real GDP per Capita Public Debt
Country  Year ol o ebe (rggp) Country  Year (debt)
Ireland 2015 23.99 Greece 2018 184.8
Estonia 1997 14.34 Greece 2016 181.1
Latvia 2006 12.92 Greece 2019 180.9
Lithuania 2007 12.41 Greece 2011 180.6
Latvia 2005 11.95 Greece 2014 180.2
2011 -9 Estonia 2001 4.8
Greece
Latvia 2009 —12.81 Estonia 2005 4.7
Bulgaria 1997 —13.67 Estonia 2006 4.6
Lithuania 2009 —13.86 Estonia 2008 4.5
Estonia 2009 —14.27 Estonia 2007 3.8

Regarding the debt rate, the five most extreme values were found for Greece, with
the values in a range between 180 and 184, whereas the minimum values were found
for Estonia, with values between 3.8 and 4.8. The data description shows that there was
enough heterogeneity in the GDP per capita growth rate and in the debt rate to use the
proposed methodology.

Initially, we conduct some tests that justified the use of the selected methodology. We
tested the correlation among the variables to identify any possible large correlation, but
also the possible relationship between growth and debt. The correlation matrix (Table A1)
shows that no large numbers were related to the inter-dependencies among variables, while
the correlation between growth and debt was negative, around 0.3, which constitutes a
premise for future results; we expected the models’ coefficients to also be negative. The
economic explanation is that the use of public debt negatively affects the GDP per capita
rate of growth. The correlation matrix and also the variance inflation analysis shows no
correlation issues (the results are available on demand).

We use different tests (Levin et al. 2002; Harris and Tzavalis 1999; Breitung and
Das 2005) to determine the stationarity of the series implied. The unit root tests results
are available in Table 4 and Appendix A (Table A2). We test the cointegration between
the variables using the methodology proposed by Pedroni (1999) and Westerlund (2005),
using the module proposed by Khodzhimatov (2018). The cointegration between GDP
and public debt was also in line with the economic literature—e.g., (Casni et al. 2014;
Eberhardt and Presbitero 2015; Chirwa and Odhiambo 2020), while the panel data graphic
(for every country) testifies that the series were non-stationary and co-integrated. Taking
into consideration the above Equations (7) and (8), the results of Tables 5 and 6 show the
effects of public debt on economic growth (as a proxy, we used the real GDP per capita
growth rate).
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Table 4. Unit root tests for the variables (testing the stationarity, with a constant).

Test Name LLC IPS HT Breitung Hadri
Variable name: rgdp (Real GDP per capita growth rate)

Levels —0.8665 *** —4.6597 *** 3.2414 11.1394 71.0463 ***

First-difference —8.1393 *** —9.5414 *** —21.554 *** —11.0742 *** —2.3987
Variable name: Debt

Levels 2.3653 —3.3451 *** 2.663 2.4499 56.5274 ***

First-difference —7.4455 *** —5.7161 *** —19.8582 *** —8.0854 *** —2.7258
Variable name: popgr (Population growth (annual %)

Levels —0.455 *** —3.9554 *** —6.7718 *** —0.6353 26.982 ***

First-difference —9.0981 *** —11.8092 *** —41.9888 *** —9.4057 *** —2.7444
Variable name: gfc (Gross fixed capital formation (% of GDP))

Levels —0.8258 *** —4.5247 *** —3.5493 *** —1.9773 ** 28.7951 ***

First-difference ~ —10.4572 *** —10.9314 *** —33.1533 *** —9.4087 *** —0.8233
Variable name: open (Openness of the economy (% of GDP))

Levels 1.425 —3.3712 *** 0.8987 3.4366 65.6817 ***

First-difference ~ —13.2041 *** —13.7215 *** —36.5327 *** —13.4128 *** —1.9255
Variable name: ggbb (General government budget balance (% of GDP))

Levels —5.0922 *** —4.8364 *** —9.9437 *** —3.2281 *** 14.4827 ***

First-difference ~ —13.0814 *** —13.2242 *** —38.928 *** —8.1093 *** —2.3987
Variable name: infl (Inflation rate (annual %))

Levels —9.299 *** —9.0841 *** —34.8312 *** —1.2054 7.2403 ***

First-difference ~ —14.6656 *** —21.5536 *** —56.7277 *** —9.8702 *** —5.1576

Note: **p < 0.01.

Table 5. Cointegration test results for the variables (real GDP per capita growth rate and public debt).

Cointegrated rgdp (Real GDP per Capita Growth
Variables Names: Rate), Debt (Public Debt)
Test name Pedroni Westerlund
MPPt —5.7096 *** VR —4.9577 ***
PPt —10.0139 ***
ADFt —10.4519 ***

Note: *** p < 0.01.

Table 6. Mean group (MG), pooled mean group (PMG), and DFE results (Blackburne and Frank 2007,

methodology).
Var mg(a) pmg(a) dfe(a) mg(b) pmg(b) dfe(b)
ECT —0.960 *** —0.891 *** —0.789 ***  —1.163 *** —0.892 *** —0.812 ***
(0.0466) (0.0448) (0.0341) (0.0638) (0.0454) (0.0333)
D.debt
(first lag of public —0.484 *** —0.479 *** —0.306 ***  —0.191 *** —0.234 *** —0.247 ***
Debt)
(0.0917) (0.0937) (0.0209) (0.0406) (0.0300) (0.0224)
debt —0.0363 *** —0.00760 **  —0.0162 ** —0.466 —0.0117**  —0.0196 **
(Public Debt) ' ' ' ’ ’ ’
(0.0138) (0.00375) (0.00782) (0.387) (0.00346) (0.00915)
Obs. 672 672 . 672 672

Note: Standard errors in parentheses: *** p < 0.01, ** p < 0.05.

The results for the initial tests of stationarity, such as Levin et al. (2002), Im et al. (2003),
Harris and Tzavalis (1999), Breitung and Das (2005), and Hadri (2000), are presented as



Economies 2022, 10, 254

12 0f 23

follows (Table 4). The table is a synthesis of 80 tests (eight variables multiplied by five tests
and multiplied by two cases for each one—in level and in first difference—8 x 5 x 2 = 80).
For each variable, we test the stationarity to detect the presence of non-stationarity in
first difference. We find that some tests suggested that the variables were stationary in
levels or in first difference, so the proposed methodology could be applied. For instance,
regarding the rgdp (real GDP per capita growth rate), the Harris-Tzavalis and Breitung
tests suggests non-stationarity in levels (the null hypothesis of non-stationarity, stated
as panels containing unit roots, cannot be rejected); further, the null of the Hadri test
(“All panels are stationary”) is rejected. The variable is stationary in first difference (the
null hypothesis of the Hadri test could not be rejected, while, for the other tests, the null
hypothesis is rejected at a 1% level). The same logic applies for the other variables (the
complete test results are available on demand). The results of the cointegration tests are
provided in Table 5.

The Pedroni (1999) and Westerlund (2005) and Kao (1999) test results are presented in
Table A2.

The focus of this study was the cointegration between rgdp (real GDP per capita
growth rate) and debt (full results in Appendix A Table A2). From Table A2, we can see that
the null hypothesis of no-cointegration was rejected. We found that all the results (modified
Phillips—Perron statistic, —5.7096; Phillips—Perron statistic, —10.0139; augmented Dickey—
Fuller statistic, —10.4519, variance ratio, —4.9577) were statistically significant at 1%, with
the p-values at 0.000; therefore, the null was rejected and, consequently, the alternative of
integration could be accepted. In Table 5 (full results in Table A4, Appendix A), we used
the following abbreviations: MPPt, modified Phillips—Perron test; PPt, Phillips—Perron test;
augmented Dickey-Fuller test, ADFt; variance ratio, VR.

The results suggests that the proposed methodology can control the existence of the
non-stationary variables in the models. There are also some outliers present in the data,
but these are also controlled in the models. The econometric literature states that, in
relatively small cross-data sections, the PMG is less sensitive to outliers and the problem of
autocorrelation can be corrected (Asteriou et al. 2021; Pesaran et al. 1999).

The results corresponding to equation no. 7 regarding the effects of the public debt are
presented in Table 6 (full results in Appendix A, Table A5), that contains six columns, each
representing the results of one model.

The first three columns display the results of the bivariate models, while the rest
indicate the outcomes of the multivariate ones. We can see that, for all the models implied,
the error-correction coefficient is negative, as expected, and significant. The first equation
(1st column) shows the results of the mean group (the mean of the coefficients calculated for
every country). The error correction term was —0.960, representing the speed of adjustment
to the long-run equilibrium (the absolute value of the ECT). The coefficient suggests that
deviations were corrected, at every time unit (year), by 96% (—0.960). The short-run
coefficient of public debt (D.debt) was negative and statistically significant at a 1% level;
therefore, in the short term, if the public debt-to-GDP ratio increases by one unit, the
GDP per capita growth rate decreases by 0.484 units (percentage points), the coefficient
being —0.484, ceteris paribus. In the long-run, the link is also inverse (negative), but the
magnitude of the negative impact is lower. Thus, an increase in the public debt by one
unit affects the rate of growth by decreasing it by 0.0363. The economic literature exhibits
some models that square the debt variable, considering that a maximum value for GDP
could be attained by resolving a quadratic equation (Checherita-Westphal and Rother 2012;
Mencinger et al. 2014; Bilan and Thnatov 2015; Mencinger et al. 2015; Fetai et al. 2020;
Afonso and Alves 2015). However, for our data, the influence of debt on the GDP growth
rate calculated in pooled values (results available on demand) did not warrant the use of a
quadratic model (the figures in Appendix A.2 also confirm our decision).

In addition, based on the Hausman (1978) test, the results of the PMG (pooled mean
group) estimator, which we consider to be the best approach, were in accordance with
the results of the MG estimator (results available on demand). The choice of the PMG
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estimator is acceptable if the assumption of the long-run is not rejected, the assumption
being that, in the short run, there are different responses across countries, while, in the
long-run, the coefficient is restricted to exhibit non-heterogeneity. Our coefficients were
statistically significant at least at a 5% level, so the assumption can be accepted.

The speed of adjustment is 0.891 (ECT = —0.891) as the coefficient was negative and
significant, while the short-run growth rate decreased by 0.479 (D.debt = —0.479) and
the long-run growth rate decreased by 0.007 (debt = —0.0076) The arguments for the
PMG estimator are the following: the estimator allows the short run to have different
values (responses) across units (countries), but restricts the long run from possessing non-
heterogeneity. The DFE model shows similar results, the interpretation of the coefficients
being that in the short-run, the growth rate decreased by 0.306 (—0.306) in the first model,
and by 0.247 (—0.247) in the second one. The long-run coefficients also show a reduction in
growth by 0.0162 (—0.0162) and 0.0196 (—0.0196), respectively.

For the multivariate models (columns from four to six), the error-correction coefficient
is, again, negative and statistically significant. Following the logic above, we expect the
PMG model to be the best approach; the Hausman test confirms our choice. The speed
of adjustment is 0.892 (ECT = —0.892) and the short-run coefficient is —0.234, while the
long-run one is —0.0117; all coefficients are significant at the 1% level. The economic
interpretation is relatively similar, with the results showing that an increase in public debt
has a significant negative impact on economic growth, both in the short and long term.
Therefore, in both models (MG and DFE), an increase in public debt leads to a significant
negative effect on economic growth. Compared to our empirical results, Gomez-Puig
and Sosvilla-Rivero (2018) found that an increase in public debt could have a positive,
short-term effect on economic growth, depending on the characteristics of the country and
the use of the borrowed resources.

The other variables in the model, considered as control variables in the equations,
were often statistically significant and had the expected sign. For example, the gross fixed
capital formation, openness, inflation, and population growth exhibited significant positive
short-run associations with the GDP per capita growth rate. In the long run, some of the
coefficients became insignificant and some of them changed signs, but they did not impact
the model findings.

To test the robustness of our results, the dataset was split into two parts, taking into
consideration a first set with developed countries (dataset c; results presented in the first
three columns) and a second subset with developing ones (dataset d; results presented in
the last three columns). Dataset ¢ contained the first 14 countries, sorted, by their 2019 GDP
value, from the one with highest GDP value to the one with the lowest. The results for dataset
c are presented in Table 7, where the model presented is named after the methodology
and dataset used (e.g., in the first row, mg(c) indicates the results for the mean group
(mg) calculated for dataset c¢). To obtain dataset c, the data for the following countries
were separated from the initial dataset and grouped to form dataset d: Bulgaria, Croatia,
Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Romania, Slovakia,
Slovenia, Poland, and Portugal. The results of the bivariate model are presented in Table 7
(multivariate model results available on demand). The datasets c and d each contain 350
observations for 14 countries relative to a period of 24 years (1995-2019); the methodology
proposed is pertinent.

The results in Table 7 suggest that, in developing countries, there is a more pronounced
negative effect, while, in the developed countries, the long-term coefficients are close to
zero but remain negative. The pmg coefficient for debt values calculated for the developed
countries dataset is —0.001, which is seven times smaller than the one obtained from the
analysis of the full dataset (the coefficient obtained for all data was —0.007); this indicates
that the negative impact on economic growth calculated for developed countries is smaller
than the one obtained for all the EU countries taken together. For the developing countries
sample, the coefficient was —0.015, indicating that there is a more pronounced negative
effect than that calculated for all other analyzed cases (complete dataset). Our results can
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be explained by the less efficient use of funds (including those obtained from extraordinary
sources) in less developed (i.e., developing) countries. There are various potential factors
that can explain the negative impact on growth in these countries, such as the existence of
bureaucracy, less developed public institutions systems, or lower revenue rates.

Table 7. Mean group (MG), pooled mean group (PMG), and DFE results (Blackburne and Frank 2007,
methodology) for dataset c (developed countries) and dataset d (developing countries).

Var mg(c) pmg(c) dfe(c) mg(d) pmg(d) dfe(d)
ECT —1.029 *** —0.964 *** —0.8422 *** —0.899 *** —0.823 *** —0.777 ***
(0.080) (0.075) (0.046) (0.041) (0.034) (0.048)
D.debt
(first lag of Public —0.403 *** —0.401 —0.294 *** —0.592 *** —0.591 —0.346 ***
Debt)
(0.057) (0.058) (0.022) 0.172) (0.176) (0.037)
debt *kk _ *x% _ *X%
(Public Debt) —0.005 —0.001 0.0003 —0.0769 0.015 0.038
(0.016) (0.004) (0.007) (0.020) (0.006) (0.013)

Note: Standard errors in parentheses: *** p < 0.01.

The results related to our variable of interest are statistically significant in most of the
models presented. However, since the ARDL method does not control the contemporaneous
correlation that could appear across countries caused by unobserved factors, to demonstrate
that our findings are robust, we applied the second methodology—proposed by Ditzen
(2018); the final results support our previous considerations. The results based on the
second methodology (effects of the public debt on growth rate, full results in Table A6,
Appendix A) are presented in Table 8.

Table 8. Mean group (MG) and pooled mean group (PMG) cross-section results [Ditzen (2018)

methodology].
Var mg cr(a) pmg cr(a) mg cr(b) pmg cr(b)
ec™ —0.903 *** —0.826 *** —1.501 *** —1.014 **
(0.0652) (0.0845) (0.105) (0.354)
Ddebt _ p _ *%% _ — A%
(first lag of Public Debt) 0.513 0.521 0.0877 0.218
(0.0980) (0.0952) (0.0805) (0.0445)
debt _ * _ * _ * _ *
(public Debt) 0.0404 0.0203 0.0448 0.0249
(0.0496) (0.0176) (0.0755) (0.100)
R2 0.380 0.455 0.033 0.156
F 4.887 5.865 4.181 3.714
N 672 672 672 672

Note: * we have maintained the notation used in previous tables: ec corresponds to ECT, i.e., the error-correction
term. Standard errors in parentheses: *** p < 0.01, ** p < 0.05,and * p < 0.1.

The results are considering dynamic common-correlated effects, including two cross-
sectional lags and instrumenting the first-lag of the dependent variable. Both the bivariate
and multivariate models maintained the existence of the long-term relationship between the
interest variables, as the error-correction terms are significant and negative (ec is —0.903 and
—0.826 for bivariate models, mg and pmg, respectively, while, for the multivariate models,
the speeds of adjustment are —1.501 and —1.014). The short-term influence is significant
and negative in the bivariate models, as the coefficients have values around —0.5 (—0.513
and —0.521). In the multivariate models, the long-term influence is again significant, as
the error-correction coefficients are negative, as expected. The short-run coefficients in the
multivariate equations are —0.0877 and —0.218, respectively. The long-run coefficients are
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—0.0448 and —0.0249. The economic interpretation regarding, for example, the pmg cr (b)
multivariate model, is that an increase in public debt by one unit has a negative impact on
the GDP per capita rate, decreasing it by 0.0249 units, ceteris paribus.

Another caveat that could be further analyzed in future research is referring to the
endogeneity due to simultaneity between growth and debt (as opposed to endogeneity due
to common factors), as discussed in (Panizza and Presbitero 2014).

The same methodology was applied for the halved datasets ¢ and d, and the results
are represented in Table 9.

Table 9. Mean group (MG) and pooled mean group (PMG) cross-section results [Ditzen (2018)
methodology) for dataset c (developed countries) and dataset d (developing countries)].

Var mg cr(c) pmg cr(c) mg cr(d) pmg cr(d)

ec ™ —1.06 *** —0.895 *** —0.915 *** —0.826 ***
(0.114) (0.141) (0.111) (0.131)

D.debt —0.425 *** —0.423 *** —0.597 *** —0.630 ***
(0.054) (0.058) (0.170) (0.177)
debt —0.006 0.0164 —0.192 —0.054
(0.044) (0.030) (0.180) (0.094)

Note: * we have maintained the notation used in previous tables: ec corresponds to ECT, i.e., the error-correction
term. ***p < 0.01.

The results in Table 9 show that, in the short term, on the datasets implied, the results
are negative and statistically significant. The negative effect is more pronounced in less
developed countries (—0.597 in mg, and —0.630 in pmg, respectively), which is expected (a
possible explanation being that developed economies might put funds to more efficient
use). Regarding the long-term impact, most of the coefficients suggests a negative effect,
but the results are not statistically significant at a 5% level. A more thorough analysis is
needed in the future, when more data will become available for each country.

From a strictly economic approach, the negative impact of public debt on economic
growth and on sustainable development should be a warning for public policy makers
(especially in less developed countries), cautioning them on the use of this leverage. As
stated in the literature (Asteriou et al. 2021), further investigation is needed to examine the
possible causes of this negative impact (e.g., the inefficiency of public investments; the use
of debt to cover deficits in expenditures that do not exhibit direct revenues or profits, as
social expenditures; the so-called “crowding-out” effect, or generally an unwise allocation
of public or private funds).

The results for all models here examined are in line with the econometric methodology
and the findings of other empirical studies—e.g., (Casni et al. 2014; Afonso and Alves 2015;
Asteriou et al. 2021; Lof and Malinen 2014; Chirwa and Odhiambo 2020; Pesaran et al.
1999).

5. Conclusions

The alarming increase in public debt control in various countries of the world, includ-
ing EU member states, in the context of the recent and current international crisis has led
to growing concerns about its economic implications. Against this background, we have
witnessed a revival of researchers’ interest in assessing and analyzing the link between
public debt and economic growth.

The analysis of the literature on public debt and economic growth shows that most
studies have analyzed the impact of public debt on economic growth, either in the short or
long term, but few studies have considered both time periods. Motivated by this, our study
aimed to empirically investigate the short- and long-term impact of public debt on the
economic growth in EU28 countries for a period of time covering 25 years (1995-2019). We
utilized several econometric methodologies related to ARDL (autoregressive distributed
lag models), such as the pooled mean group (PMG), the mean group (MG) and the dynamic
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fixed effects (DFE), using the methodology proposed by Blackburne and Frank in 2007, as
well as the one proposed by Ditzen in 2018, which controls common-correlated effects.

In the study, we conducted tests in order to justify the use of the methodology selected,
as well as tests for determining the stationarity of the series implied. In addition, we tested
for cointegration between the principal variables, economic growth and public debt, and
the results obtained are in line with the findings of the empirical studies mentioned in
this paper.

Our empirical results, both for the bivariate models and the multivariate models,
show that an increase in the public debt-to-GDP rate leads to a decrease in the real GDP
per capita growth rate in EU28 countries, both in the short and long term. Specifically,
the estimated public debt coefficients appear statistically significant and negative, but the
magnitude of the negative impact on economic growth differs significantly. These findings
are of interest because a high and persistent level of public debt can have detrimental
effects on the accumulation of capital and productivity, which reduces economic growth.
To test the robustness of our results, the dataset was split into two parts, namely, a first
set including developed countries and a second subset including developing ones. Our
empirical results suggest that, both in the short and long term, public debt is negatively
correlated with economic growth in the case of developing countries. Comparatively, in
the case of developed EU countries, the effect in the long run is in general negative, but
statistically insignificant. Our results can be explained by the less efficient use of funds in
less developed (i.e., developing) countries. Further, there are some potential factors that can
explain the negative impact on growth in these countries (e.g., the existence of bureaucracy,
poor quality of the institutional environment, or reduced allocation to investments).

On the whole, the findings of our empirical investigation confirm the conclusions of
some previous empirical studies which focused on evaluating the impact of public debt on
economic growth, both in the short and long term.

Our empirical findings suggest that public debt is a significant predictor of economic
growth; thus, public policies aimed at stimulating economic growth should take into ac-
count the level of public debt and control it. Furthermore, the rigorous monitoring/control
of the level of public debt is of major importance, as ensuring this, maintains a long-term
downward trajectory that will sustain economic growth.

Regarding future research directions, we aim to continue our research by identify-
ing the channels through which public debt affects economic growth. We also aim to
examine the role of the quality of institutions in the relationship between public debt and
economic growth.
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Appendix A. Tables and Figures
Appendix A.1. Preliminary Tests Tables
Table Al. Correlation matrix.
Variable rgdp debt popgr gfc open exp gbb infl
rgdp 1
debt —0.31 1
popgr —0.24 0.07 1
gfc 0.29 —-0.47 —0.02 1
open 0.08 —0.24 0.38 0.02 1
exp —0.39 0.45 0.11 —-0.17 —-0.24 1
gbb 0.26 -0.3 0.15 0.1 0.23 —0.29 1
infl —0.16 0.01 —0.08 —0.12 —0.04 —0.12 0.01 1
Table A2. Cointegration tests results for rgdb and debt.
Variables Name: Testing Cointegration between Variables
Information about the Data (panel) rgdp (Real GDP per Capita Growth Rate) and Debt
Test name kao
Null hypothesis Ho: No cointegration
Alternative hypothesis Ha: All panels are cointegrated
Test results Statistic Prob Conclusion
Modified Dickey—Fuller t —13.0987 0.0000 Ha
Dickey-Fuller t —10.9277 0.0000 Ha
Augmented Dickey-Fuller t —9.8283 Ha
Unadjusted modified Dickey—Fuller —19.1714 0.0000 Ha
Unadjusted Dickey—Fuller t —12.1471 0.0000 Ha
Test name Pedroni
Null hypothesis Ho: No cointegration
Alternative hypothesis Ha: All panels are cointegrated
Test results Statistic Prob Conclusion
Modified Phillips—Perron t —5.7096 0.0000 Ha
Phillips—Perron t —10.0139 0.0000 Ha
Augmented Dickey-Fuller t —10.4519 0.0000 Ha
Test name Westerlund
Null hypothesis Ho: No cointegration
Alternative hypothesis Ha: All panels are cointegrated
Test results Statistic Prob Conclusion
Variance ratio —4.9577 0 Ha
Table A3. Extreme values for GDP per capita growth rate and debt rate.
Country Year rgdp (Real GDP per Capita Growth Rate) Country Year  Debt
Ireland 2015 23.99 Greece 2018 184.8
Estonia 1997 14.34 Greece 2016 181.1
Latvia 2006 12.92 Greece 2019 180.9
Lithuania 2007 12.41 Greece 2011 180.6
Latvia 2005 11.95 Greece 2014 180.2
2011 -9 Estonia 2001 4.8
Greece
Latvia 2009 —12.81 Estonia 2005 4.7
Bulgaria 1997 —13.67 Estonia 2006 4.6
Lithuania 2009 —13.86 Estonia 2008 4.5
Estonia 2009 —14.27 Estonia 2007 3.8
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Table A4. Cointegration test results for the variables.

Cointegrated Variable Names:

rgdp (Real GDP per Capita Growth Rate),

debt (Public Debt)
Test name Pedroni Westerlund
MPPt —5.7096 *** VR —4.9577 ***
PPt —10.0139 ***
ADFt —10.4519 ***
. . . rgdp (real GDP per capita growth rate), gfc
Cointegrated variable names: (gross fixed capital formation (% of GDP))
Test name Pedroni Westerlund
MPPt 4.0008 *** VR 7.0686 ***
PPt 1.1033 *
ADFt 0.7327
rgdp (real GDP per capita growth rate),
Cointegrated variable names: ggbb (general government budget balance
(% of GDP))
Test name Pedroni Westerlund
MPPt 4.7863 *** VR 9.326 ***
PPt —0.904 *
ADFt —0.4973 *
rgdp (real GDP per capita growth rate),
Cointegrated variable names: exp(general government total ex-penditure
(% of GDP))
Test name Pedroni Westerlund
MPPt 4.6773 *** VR 8.6163 ***
PPt 0.4928 **
ADFt 1.3037 *
Cointegrated variable names: r3dp (rea% GDP per capita grow:h rate), infl
(inflation rate (annual %))
Test name Pedroni Westerlund
MPPt 3.8063 *** VR 6.6166 ***
PPt —0.3726 *
ADFt 0.0519 *
rgdp (real GDP per capita growth rate),
Cointegrated variable names: open (openness of the economy (% of
GDP))
Test name Pedroni Westerlund
MPPt 2.0466** VR —1.3862 *
PPt —0.7558
ADFt —1.2028
Test name Westerlund
Cointegrated variable names: rgdp (real GDP per capita growth raote),
popgr (population growth (annual %)
Test name Pedroni Westerlund
MPPt 4.7301 *** VR 7.6942 ***
PPt —0.0553
ADFt 0.6674

Note:

Standard errors in parentheses: *** p < 0.01, ** p < 0.05, *p < 0.1.



Economies 2022, 10, 254 19 of 23
Table A5. Mean group (MG), pooled mean group (PMG), and DFE—full results.
Var mg(a) pmg(a) dfe(a) mg(b) pmg(b) dfe(b)
ECT —0.960 ***  —0.891**  —0.789** = —1.163** = —0.892**  —0.812***
(0.0466) (0.0448) (0.0341) (0.0638) (0.0454) (0.0333)
D.debt —0.484**  —0479**  —0.306***  —0.191**  —0.234**  —0.247 ***
(0.0917) (0.0937) (0.0209) (0.0406) (0.0300) (0.0224)
debt —0.0363 ***  —0.00760**  —0.0162** —0.466 —0.0117 ***  —0.0196 **
(0.0138) (0.00375) (0.00782) (0.387) (0.00346) (0.00915)
D.gfc 0.434 *** 0.495 *** 0.389 ***
(0.0705) (0.0919) (0.0484)
D.exp —0.149 —0.447 **  —0.391 ***
(0.133) (0.0991) (0.0761)
D.open 0.0556 ** 0.0750 *** 0.0682 ***
(0.0244) (0.0175) (0.0111)
D.infl 0.432 *** 0.160 *** 0.00419 *
(0.106) (0.0511) (0.00224)
D.popgr 5.552* 3.021 ** 0.200
(3.260) (1.529) (0.297)
D.ggbb 0.0346 —0.0969 —0.144*
(0.126) (0.100) (0.0754)
gfc —6.054 —0.000391 —0.0880*
(6.117) (0.0228) (0.0477)
exp 7.959 —0.0864 ***  —0.233 ***
(8.296) (0.0316) (0.0625)
open 0.353 —0.0158 ***  —0.0124 **
(0.338) (0.00319) (0.00564)
infl -11.06 —0.0390 ***  —0.0340 ***
(10.70) (0.00663) (0.00386)
popgr —2.890 ** —1.166 ***  —0.859 ***
(1.237) (0.150) (0.297)
ggbb 6.521 —0.157 ***  —0.290 ***
(6.767) (0.0370) (0.0701)
C 3.616 *** 2.725 *** 2.780 *** 18.47 ** 7.789 *** 13.63 ***
(0.761) (0.245) (0.405) (7.311) (0.448) (2.560)
Obs. 672 672 . 672 672
Note: Standard errors in parentheses: *** p < 0.01, ** p <0.05, * p <0.1.
Table A6. Mean group (MG) and pooled mean group (PMG) cross-section results.
Var mg cr(a) pmg cr(a) mg cr(b) pmg cr(b)
ec ™ —0.903 *** —0.826 *** —1.501 *** —1.014 **
(0.0652) (0.0845) (0.105) (0.354)
D.debt —0.513 *** —0.521 *** —0.0877 —0.218 ***
(0.0980) (0.0952) (0.0805) (0.0445)
debt —0.0404 * —0.0203 * —0.0448 * —0.0249 *
(0.0496) (0.0176) (0.0755) (0.100)
D.gfc 0.491 0.369 ***
(0.255) (0.0953)
D.exp —0.0803 —0.249 **
(0.154) (0.0749)
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Table Aé6. Cont.

Var mg cr(a) pmg cr(a) mg cr(b) pmg cr(b)
D.open 0.0524 0.0705 **

(0.0599) (0.0222)
D.infl 0.292 0.168 **
(0.177) (0.0615)

D.popgr 5.325 3.316
(3.935) (1.782)

gfc 0.0341 0.270
(0.200) (0.340)

exp —0.0779 0.0846
(0.199) (0.362)

open —0.0248 0.0212
(0.0490) (0.0952)
infl —0.311* —0.108
(0.141) (0.295)
popgr —2.422 -1.372
(1.579) (1.355)

R2 0.380 0.455 0.033 0.156

F 4.887 5.865 4.181 3.714

N 672 672 672 672

Note: * we have maintained the notation used in previous tables: ec corresponds to ECT, i.e., the error-correction
term. Standard errors in parentheses: *** p < 0.01, ** p< 0.05, * p < 0.1.
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Figure A1. Real GDP per capita growth rate.
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