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Abstract. The paper focuses on impact of macroeconomic indicators on the development of public 
debt in Slovakia. The aim of the paper was to identify those macroeconomic indicators which in-
fluence the most significantly public debt in Slovakia and to elaborate and verify simple model for 
public debt prediction. Research was based on the analysis of chosen macroeconomic indicators. 
Selection of macroeconomic indicators resulted from theoretical knowledge and study of various re-
search papers. Authors used several scientific methods, such as content-causal analysis, comparison, 
mathematical and statistical methods, including simple linear regression. Macroeconomic indica-
tors, which authors proved to be statistically significant, are GDP growth rate, openness of economy, 
size of public sector, government bond yields, and unemployment rate. Authors elaborated model 
of the public debt development in Slovakia by using a simple linear regression model. Regression 
model was calculated using the data for 1995–2016. Authors confirmed correctness of the model by 
using data for 2017. Research was limited by the fact, that there are limited data available for analysis 
(time series of 22 years) because of short existence of independent Slovakia. It will be necessary to 
continue with the research and to verify correctness of chosen indicators in longer period. 

Keywords: public debt, macroeconomic indicators, linear regression model, prediction model, 
Slovakia, short-term period.
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Introduction  

Budget deficits and high public debts associated with them are current, and without an ade-
quate solution, also future major problems of the world’s economies. High public debt makes 
the conditions for effective fiscal policy more difficult and, at the same time, causes difficul-
ties in seeking financial resources on the capital markets. The worldwide economic crisis has 
caused that public debt began to rise sharply in most countries. It leads to various measures 
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to reduce public debt, to restore economic growth and to recover national economies. How-
ever, the threat of high public debt and its negative consequences are still up to date.

There are various factors behind the development of public debt. They vary from his-
torical factors (Stasavage, 2003; Page, 2018; D’Erasmo & Mendoza, 2018), through political 
(Di Bartolomeo et al., 2018; Ono & Uchida, 2018), to economic factors (Poghosyan, 2018; 
Chen, Yao, Hu, & Lin, 2017). Given the complexity and range of the issue, from several 
factors influencing public debt in the research, authors have selected only group of macro-
economic indicators. The paper addresses the issue of the dependence and impact of macro-
economic indicators on public debt. 

The interdependence of the development of public finances and macroeconomic indica-
tors was already confirmed by various scientific studies (Knedlik & Schweinitz, 2012; Sa-
vona & Vezzoli, 2015; Cournède, 2010; Lammam & MacIntyre, 2016; Neck, Blueschke & 
Weyerstrass, 2012; and others). The research studies were conducted either by individual 
authors or by scientific teams within international organizations, such as The Organization 
for Economic Cooperation and Development (further in the text “OECD”), the International 
Monetary Fund (further in the text “IMF”), the European Central Bank (further in the text 
“ECB”) and the European Commission (further in the text “EC”). 

The aim of the paper is to identify those macroeconomic indicators which influence most 
significantly public debt in Slovakia and to elaborate and verify simple model for public debt 
prediction in Slovakia. In the paper, authors examine various macroeconomic indicators 
and their impacts on the public debt in Slovakia. When considering relationship between 
the macroeconomic indicators and public debts, most of the researchers analyzed influence 
of foreign direct investments, inflation, unemployment rates, government spending, labor 
productivity, government bonds, and interest rates on public debt. Researchers have also 
used macroeconomic indicators to construct various models for predicting public debt and 
its trends. The study offers unique approach to identify the most significant indicators from 
various macroeconomic areas, including openness of the economy. 

This paper is organized in five sections. The theoretical framework of the research is 
proposed in Section 1. It focused on theoretical and field researches of European and world 
economists, which describe interrelation between the public debt and various indicators 
(macroeconomic as well as other factors). According to the studies, the most reliable indica-
tors are political factors, such as political decisions and democracy, gross domestic product 
and economic growth, inflation, unemployment, and government bonds.  The methodology 
of the research is described in Section 2. Authors analyzed situation in Slovakia from 1995 to 
2016 and collect relevant macroeconomic indicators for this period. Consequently, authors 
used linear regression model to identify relationship between the public debt and macroeco-
nomic indicators. Creation of the model, including steps of its creation and verification of 
the correctness of the model, are presented in Section 3. At first, authors described process of 
creating the model. After that authors verified applicability of the model by using the Q – Q 
plot, homoscedasticity, and coefficient of variance. Prediction of the public debt in Slovakia 
for year 2017 is available in Section 4. Finally, the research implications, research limitations 
and future directions for continuing research are discussed.
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1. Theoretical framework of the research

This paper focuses primarily on the relationship between the debt development in public 
finances and the development of the overall macroeconomic environment. Apart from the 
macroeconomics, there are also other factors influencing debt indicators. Authors could 
mention mostly exogenous non-economic factors, such as unfavorable natural conditions, 
natural disasters, military conflicts, epidemics, global environmental problems, migration, 
demographic, and political factors affecting deficit and public debt. Some researches focus-
ing on political factors showed that, both in the short term and long term, it is possible 
to rank these factors among the most important ones influencing the size of the public 
debt. In the last 30 years, numerous researches in this area were conducted within the 
European Union, OECD and Latin America member states. Particular research works are 
interlinked. In some cases, they complement each other, in other cases, they confront one 
another. Based on the research papers, it is possible to point to some common and interest-
ing conclusions concerning the impact of political decisions on public spending, deficits 
and ultimately public debts. Persson, Roland and Tabellini (2007), and Milesi-Ferretti, Pe-
rotti and Rostagno (2002), agreed that government spending is higher if the government’s 
political forces are distributed proportionally in comparison with government spending 
under the majority government. According to their findings, if the proportional govern-
ment transforms into a majority one, government spending would be reduced. Roubini and 
Sachs (1989) and Vučkovic and Sertic (2013) agreed that decisions made by the fragmented 
government result in higher budget deficit and in overall public debt. Eusepi and Wagner 
(2017) focused on the comparison of public debt in democratic states and monarchies. 
They summed up that it is not possible to avoid public debt in democratic states, while in 
monarchies public debt could be eliminated. Although the political factors significantly 
affect the public finances of the state, we abstract from them in the research and focus only 
on the macroeconomic factors which affect the deficit and consequently the public debt. 
Study by Challe, Charpe, Ernst and Ragot (2011) also focuses on government spending. 
Governments are trying to boost household consumption during the economic downturn, 
through financial support for the unemployed. Unemployment benefits are dampening the 
impact of employment decline and thus declining household consumption. However, this 
measure increases government spending, which is often reflected in the increase in public 
debt. Mazúrová and Kollár (2015) focused on the development and structure of govern-
ment spending of Slovak Republic, in the period between 1997 and 2011. Their findings 
showed that the proportion of government spending to GDP ratio on infrastructure in 
these years in Slovakia was higher than the average in the European Union. However, 
they proved that government spending stimulates economic growth even during the crisis. 
Berggren and Bjornskov (2019) pointed out that regulation of economy (such as regulation 
of labor, business and credit) have significant influence on public debt. Based on the em-
pirical analysis covering up to 67 countries during the period 1975–2010, they confirmed 
that regulatory freedom, especially with respect to credit availability, reduces debt accu-
mulation (it is even more significant during the policy stability and credibility, and when 
governments have right-wing ideologies).
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In the following part of the paper, authors present fundamental findings of national and 
foreign studies, which focused on the relationship between the various macroeconomic in-
dicators and public debts, as well as on models for public debt prediction. In the research, 
authors focus on the impact of macroeconomic indicators on public debt. However, it is not 
possible without considering the opposite relationship, mutual interconnection of public debt 
and economic growth. Checherita-Westphal and Rother (2012) analyzed the non-linear effect 
of public debt on GDP growth in 12 countries of the euro area. Their results showed that the 
function displaying a relationship between public debt and GDP growth rate has a concave 
shape with a turnover point at 90% to 100% of public debt ratio to GDP. This conclusion is 
supported by the study of Reinhart and Rogoff (2010). They monitored public debt and GDP 
growth in 44 countries in the period of almost 200 years. The results proved that public debt 
negatively affects the growth of GDP when the level of indebtedness is above 90% of GDP. 
However, another analysis carried out by Caner, Grennes and Koehler-Geib (2010) on 101 
countries within the period 1980–2008 showed a different debt value, which has a negative 
impact on economic growth. According to this study, the critical value of public debt is at the 
level of 77% of GDP. Public debt that goes beyond this limit has a negative impact on GDP 
growth. The same result was presented also by Nayak and Pandit (2015). Gomez-Puig and 
Sosvilla-Rivero (2018) analysed influence of the public debt on economic area in euro area 
in the period of 1961–2013. They pointed out that public debt always has a negative impact 
on the long-run performance of euro area member states, whilst its short-run effect may be 
positive depending on the country. Interaction between the economic growth, public debt 
and political power (namely old and young voters) was analysed by Real, Katsuyuki and Tet-
suo (2018). Their study showed that increased political power of old voters lowers economic 
growth, which eventually leads to higher public debt.

While many researchers try to find a universal threshold from which the negative impact 
of debt growth is evident, other researchers proclaim that threshold is different in various 
countries. On the other side, Pescatori, Sandri and Simon (2014) argued that there is no 
evidence of a specific debt threshold that would divide the amount of debt into “good” and 
“bad”, the one, which should have positive or negative impact on growth. Baum, Checherita-
Westphal and Rother (2012) also confirmed similar findings. Their results indicated that the 
short-term impact of the public debt on GDP growth is positive, but it declines almost to 
zero and loses importance if the ratio of public debt to GDP exceeds 67%. This result was 
applicable for most of applications their monitored, in dynamic and non-dynamic models.

Some authors also confirmed the negative impact of public debt on private consumption. 
The non-linear effects of public debt on private consumption were, for example, the subject-
matter of Choa and Rhee (2013). They conducted research in 16 OECD countries in the pe-
riod of years 1983–2011. Their findings confirmed importance of a threshold, namely 83.7% 
of public debt on GDP. Similar threshold was confirmed also by Berben and Brosens (2007), 
and Reinhart and Rogoff (2010). Model of Ambler, Bouakez and Cardia (2017) pointed out, 
that an increase in public spending is associated with an increase in private consumption 
and the real wage. Goedl and Zwick (2018) analysed long-run distribution of Austrian public 
debt using a Markov chain model of the debt-GDP ratio. Their found out that Austrian fiscal 
policy is consistent with a stable long-run distribution of the debt-GDP ratio with a value 



738 M. Knapková et al. Impact of macroeconomic indicators on public debt of Slovak Republic

close to the 60% threshold. They also showed that the existence of a stable long-run distribu-
tion of the debt-GDP ratio depends on a continuing tendency of fiscal policy to reduce the 
primary deficit in face of rising debt. Debt to GDP ratio in Spain was a subject-matter of 
Esteve and Tamarit (2018). They investigated the long-run relationship between public debt 
and economic growth in the Spanish economy for the period 1851–2013. They found some 
support for a negative relationship between public debt and economic growth, however, they 
did not confirm clear evidence of a debt threshold.

Many studies investigate the macroeconomic imbalance that leads directly to the debt 
crisis. Several authors point to the negative effects of the debt itself, its disproportionate in-
crease associated with other economic imbalances, in particular. However, this fact does not 
automatically predict the debt crisis. Therefore, it is important to predict future crisis, but 
also to predict the debt development in general and possibly also the extent of debt growth. 
For this purpose, team of Sinha, Arora and Bansal (2011) elaborated a multiple regression 
model for forecasting public debt development. It was designed separately for low-income 
countries and for high-income (or more advanced) countries. They pointed out that the im-
pact of macroeconomic indicators is different in countries with different economic levels of 
development. There are differences, for example, in the effects of FDI, which have a greater 
impact on the indebtedness of the countries that belong to the middle-income group of 
countries compared to high-income countries. The second difference is that inflation and 
interest rates are important indicators for the middle-income group of countries, but not for 
high-income countries. The high variability of any change in interest rates or inflation thus 
has a significant impact on government borrowing costs. Dawood, Horsewood and Strobel 
(2017) used several crisis variables to develop powerful dynamic-recursive technique for 
debt crises forecasting. 

Many other researchers have shown that the relationship between public debt and infla-
tion has a reciprocal dependence. Dependence of public debt and inflation was empirically 
verified, for example, by the study of Reinhart and Rogoff (2010). They carried research in 
44 countries over a 200-year period, and they monitored dependency between inflation and 
public debt. According to their research, public debt and inflation have a two-sided depen-
dency. Kwon, McFarlane and Robinson (2006) obtained a similar result. The results of their 
regression showed that the debt increase is strongly associated with high inflation. However, 
this has been proved only in developing countries. Aizenman and Marion (2009) modelled 
the impact of inflation on public debt. According to them, the possibility of reducing debt 
through inflation is nothing new and this method is applicable. The interdependence of these 
two indicators is obvious, as well as their mutual influence. Their model predicts that the an-
nual inflation rate of 6% may reduce debt by up to 20% over the course of four years. It goes 
without saying that the simulation took place at specific levels of indebtedness and that the 
output parameters would be different for another input. Akitoby, Binder and Komatsuzaki 
(2017) studed impact of low or high inflation on the public debt-to-GDP ratio in the G-7 
countries. Their findings show that if inflation were to fall to zero for five years, the average 
net debt-to-GDP ratio would increase by about 5 percentage points during that period. In 
contrast, raising inflation to 6 percent for the next five years would reduce the average net 
debtto- GDP ratio by about 11 percentage points. They also confirmed that higher inflation 
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could help reduce the public debt-to- GDP ratio in advanced economies. The interdepen-
dence between the inflation and public debt is analysed also in study of Ferrari (2018). His 
findings showed that it is optimal for the government to adopt a policy that keeps the debt-
to-GDP ratio under an inflationdependent ceiling. Bohn (2019) published research based on 
25 years data focusing on link between seigniorage finance and deficit finance when a coun-
try is politically unstable. His findings showed a potential negative correlation between them.

The indicator of unemployment rates is another factor that can be assumed to be linked 
to public debt. For example, the research study by Horváthová, Horváth, Gazda and Kubák 
(2012), which focuses on the interdependence of unemployment and public debt, shows that 
unemployment has a negative impact on public debt. The reason is that rising unemployment 
can cause tax revenue cuts. The research study by Neck, Blueschke and Weyerstrass (2012) 
deals also with the issue of unemployment. They results show that it is slightly better for the 
economy to boost GDP growth and take steps to reduce unemployment even though it will 
temporarily be at the expense of higher indebtedness.

Another macroeconomic indicator influencing public debt is labor productivity. As the 
study by Blavy (2006) states, there is interdependence between the level of public debt and 
productivity. Analysis of the sample of 35 developing countries has shown that rising indebt-
edness has the effect of reducing the country’s labor productivity growth rate. High level of 
indebtedness interfere with the correct capital allocation in the country by increasing un-
certainty for investors and it also leads to smaller number of positive externalities resulting 
from public investment. On a sample of 20 OECD economies, Salotti and Trecroci (2012) 
conducted an analysis in 1970–2009. Their results also confirmed that the growth of public 
sector indebtedness is associated with a lower rate of productivity growth. Lammam and 
MacIntyre (2016) state that in the long run, government debt may negatively affect economic 
growth and prosperity. A high and growing public debt can lead to increase interest rates. 
Subsequently, this leads to higher borrowing costs in the private sector, which discourages 
the company from capital investment – the main driving force of productivity. Oulton and 
Sebastiá-Barriel (2017) analysed influence of the financial crisis interlinked with public debt 
on the labour productivity. On the case of 61 countries in the period of 1954–2010, they 
elaborated a model to estimate short-run and a long-run effects of the crisis on the growth 
rate of labor productivity. They also pointed out, that effects of crisis are larger in developing 
than in developed countries.

The last indicator, which analyses several studies in relation to public debt, is the yield 
on government bonds. As the theory states, the relationship between interest rate on govern-
ment bonds and fiscal responsibility can be seen from two perspectives. Rising interest rates 
can naturally increase public debt on the one hand, but on the other hand, it can work the 
other way, as at high interest rates, governments are forced rather exercise restrictive fiscal 
policy than borrowing and paying high interest rates (Horváthová et al., 2012). Furceri and 
Mourougane (2010) have studied the effects of fiscal policy using the sample of euro area 
countries. The outcomes of their model show that increasing the deficit-to-GDP ratio by one 
percentage point increases the spread between government bond yields and short-term rates 
by 0.25 percentage points. In his study, Cournède (2010) examines the change in yields on 
government bonds in relation to public debt. A very high ratio of government debt to GDP 
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can push up interest rates on government bonds, which subsequently affects the cost of fi-
nancing for businesses. The transmission mechanism of interest rate increases on government 
bonds is reflected in corporate loans, usually not in proportion one to one but slightly less.

When considering relationship between the macroeconomic indicators and public debts, 
most of the researchers analyzed influence of foreign direct investments, inflation, unemploy-
ment rates, government spending, labor productivity, government bonds, and interest rates 
on public debt. Researchers have also used macroeconomic indicators to construct various 
models for predicting public debt and its trends.

One of the most comprehensive analyses of the dependence of public debt on macro-
economic indicators was elaborated by Knedlik and Schweinitz (2012). They analyzed four 
frequently used models of the European Commission (2010), the European Central Bank 
(ECB, 2010), the German Ministry of Economics and Technology (Bundesministerium für 
Wirtschaft und Energie – BMWi, 2010) and Heise (2011). Apart from evaluating all four 
models, the authors also introduced their own composite indicator. When compiling it, they 
came out of the belief that the model should be composed of the highest possible number of 
indicators. The evaluation showed that the weakest results were attained using the European 
Commission model. The Heise’s model was relatively good and the most accurate results were 
achieved using a composite indicator. This may support the assumption that a comprehensive 
indicator is the most appropriate to achieve the most accurate prediction of the public debt.

Savona and Vezzoli (2015) devoted their research to the creation of the debt-crisis fore-
casting model. They created a model that they used to analyze the situation in the group of 
developing countries and in the PIGS countries between years 1975 and 2010. Based on this 
analysis, the main factors, that can be used to predict long-term crises, are the liquidity of 
the economy (the ratio of short-term debt to reserves), bonds interest rates, GDP growth, 
undervaluation of currency and political developments in the country.

Csortos and Szalai (2014) focused on forecasting macroeconomic and financial inequali-
ties. They used the EWS (Early Warning System) methodology for a group of ten Central 
and Eastern European countries to predict their macroeconomic and financial imbalances. 
Research of Islami and Kurz-Kim (2014) was initiated by problems in the banking sector 
and by the need to find a more appropriate predictive tool for forecasting financial stress and 
financial crises. Their study showed that indicator “implied stock market volatility”, which has 
been used in the past for predicting crises in the banking sector, is inadequate for predicting 
problems in the real economy. Authors therefore proposed to use a composite indicator of 
financial stress which will consist of several monitored variables.

Even there are many researches focusing on the different aspects and indicators influ-
encing public debt, there is no complex study focusing on the public debt in Slovakia or 
surrounding countries. Slovakia, as a small open economy, developing from socialistic to 
transitional and finally to market economy, has many specific features comparing to west 
countries. Lack of continuity, relatively short period of available data (Slovakia as indepen-
dent country exists from 1993), and previous instability in public finances cause, that public 
debt models (which describe or eventually predict public debt) vary and change depending 
on the choosing variables influencing public debt. Intention of this research is to identify 
those macroeconomic indicators (without considering other factors) that influence public 
debt in Slovakia most significantly.
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2. Research methodology

To achieve the goal of the research, authors used several methodological approaches. The 
basis of the research was the content-causal analysis of the theoretical knowledge and practi-
cal field researches. Regarding the theoretical approaches (presented in previous chapter of 
this paper), authors defined macroeconomic indicators that they included in the database for 
analytical processing by mathematical and statistical methods. Based on a review of a set of 
studies that addressed multiple macroeconomic indicators, authors decided to use following 
indicators for this empirical research: GDP growth (supported by Checherita-Westphal & 
Rother, 2012; Caner et al., 2010; Nayak & Pandit, 2015; Gomez-Puig & Sosvilla-Rivero, 2018; 
Real et al., 2018), inflation (supported by Reinhart & Rogoff, 2010; Kwon et al., 2006; Aizen-
man & Marion, 2009; Akitoby et al., 2017; Bohn, 2019), unemployment (Horváthová et al., 
2012; Neck et al., 2012), labor productivity (Blavy, 2006; Salotti & Trecroci, 2012; Lammam 
& MacIntyre, 2016; Oulton & Sebastiá‐Barriel, 2017), public sector size, expressed as govern-
ment spending (Challe et al., 2011; Persson, Roland, & Tabellini, 2007; Milesi-Ferretti et al., 
2002; Eusepi & Wagner, 2017), and government bond yields (Horváthová et al., 2012; Furceri 
& Mourougane, 2010; Cournède, 2010). Slovakia, as a small economy, belongs between the 
most open economies in European Union. That is why we decided to consider openness of 
economy as another macroeconomic indicator which could influence public debt in Slovakia.

Authors analyzed period from 1995 to 2016. Since Slovakia as independent country ex-
ists only from January 1993, it is not adequate to use data from previous period into account 
(there was a strong influence of other than economic factors, such as political, historical, 
etc.). In 1995, stabilization after transitional period was visible in many areas. According to 
Národná stratégia trvalo udržateľného rozvoja SR (2001), from the beginning of existence 
up to 1994, Slovakia belonged between the countries with relatively lowest rate of foreign 
debt. It significantly changed in 1995. In 1995, inflation rate in Slovakia was for the first time 
under 10%. From 1995, the GDP started to grow, all components of domestic demand had 
increased, and labor productivity had grown. That is why authors considered year 1995 as 
first year of the analysis.

Authors used linear regression to model relationship between the public debt and vari-
ous macroeconomic indicators. By defining the explained variable (public debt, expressed 
as share of public debt on GDP in percentage) and explanatory variables (GDP growth, 
inflation, unemployment rate, openness of economy, public sector size, government bond 
yields, and labor productivity), authors created preconditions for the use of statistical analy-
sis leading to the creation of a linear regression model. The linear regression model gives us 
the opportunity to specify the interrelationships between several variables. The basic matrix 
contains one dependent variable, which is the share of public debt on GDP in percentage. 
The set of explanatory variables consists of seven macroeconomic indicators, on which, as 
authors assume, public debt is dependent. All statistical computations leading to the creation 
of a linear regression model were done in program R.

The linear regression model must meet certain assumptions in order to predict the devel-
opment of public debt. It is above all the normality of observation, the homoscedasticity of 
data and the appropriate value of variance coefficient. To verify that the data meet normality 
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assumption, authors used a quantile-quantile graph (Q-Q plot). A Q-Q plot compares the 
distribution of empirical data to a normal distribution by plotting the quantiles of empirical 
data on vertical axes against the quantiles of a normal distribution on horizontal axes. 

To verify the stability of the model, authors determined whether the variance of the devia-
tions of the empirical and model values was homoscedastic. The homoscedasticity means that 
the variance around the regression line is the same for all values of the independent variables. 
A model plot that meets the homoscedasticity condition displays residual variations as points 
randomly spaced around zero in a given range. If the plot shows residual variations as points 
that are differently scattered, it is so called heteroscedasticity.

The accuracy of the linear regression model can be verified by the coefficient of deter-
mination R2. This coefficient indicates how well terms (data points) fit a curve or line. For 
more explanatory variables, it is advisable to use adjusted R2. In this case, the coefficient of 
determination also indicates how well terms fit a curve or line, but adjusts for the number of 
explanatory variables (n) in the model:

	
( )2 2 11 1

1adj
nR R

n k
−

= − −
− −

.	 (1)

Adjusted R2 will always be less than or equal to R2. The adjusted R2 tells the percentage 
of variation explained by only the independent variables that actually affect the dependent 
variable.

3. Creation of the model

All inputs variables that authors used in the research, it means inflation, unemployment, 
openness of the economy, labour productivity, GDP growth, the size of the public sector, 
government bond yields, and public debt to GDP, are displayed in Table 1. 

Table 1. Macroeconomic indicators for the period 1995 to 2017 (in %) (source: own data processing 
from Eurostat, n.d.)

Year Public 
debt

GDP 
growth

Infla
tion

Unemploy
ment

Openness 
of economy

Public 
sector

Government 
bond yield

Labour 
prod.

x1 x2 x3 x4 x5 x6 x7

1995 21.7 6.8 5.8 12.7 91 48.2 8 4.6
1996 30.5 6.8 5.8 12.7 92.4 53.1 8 4.6
1997 33 6.1 6 12.7 95.9 48.4 8 7.2
1998 33.9 4 6.7 12.7 90.6 45.6 8 4.5
1999 47.1 –0.2 10.4 16.5 92.9 47.9 8 2.4
2000 49.6 1.2 12.2 18.9 98.2 52 8 3.2
2001 48.3 3.3 7.2 19.5 109.4 44.4 8 2.7
2002 42.9 4.5 3.5 18.8 111.3 45.1 6.9 4.4
2003 41.6 5.4 8.4 17.7 119 39.9 5 4.3
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Year Public 
debt

GDP 
growth

Infla
tion

Unemploy
ment

Openness 
of economy

Public 
sector

Government 
bond yield

Labour 
prod.

x1 x2 x3 x4 x5 x6 x7

2004 40.6 5.3 7.5 18.4 137 37.8 5 5.5
2005 34.1 6.8 2.8 16.4 146.5 39.8 3.5 5.1
2006 31 8.5 4.3 13.5 163.7 38.8 4.4 6.2
2007 30.1 10.8 1.9 11.2 165.3 36.3 4.5 8.5
2008 28.5 5.6 3.9 9.6 161.6 36.9 4.7 2.3
2009 36.3 –5.4 0.9 12.1 140.5 44.1 4.7 –3.5
2010 41.2 5 0.7 14.5 154.1 42.1 3.9 6.7
2011 43.7 2.8 4.1 13.7 166.1 40.8 4.4 1
2012 52.2 1.7 3.7 14 173.1 40.6 4.6 1.6
2013 54.7 1.5 1.5 14.2 181 41.4 3.2 2.3
2014 53.6 2.6 –0.1 13.2 183.8 42 2.1 1.1
2015 52.6 3.8 –0.3 11.5 190 45.2 0.9 1.8
2016 52.5 3.3 –0.5 9.7 193.1 41.5 0.5 0.9
2017 51.8 3.4 1.3 8.1 194.4 40.4 0.9 1.2

The explained variable in the model is the share of public debt on GDP (y) and the ex-
planatory variables are the macroeconomic indicators (x1 ... x7).  

3.1. Process of creating model

To create the model, authors followed following steps:
1.	 Authors checked each variable (macroeconomic indicator) separately. Authors dis-

played each variable for the years 1995 to 2016 and analysed correlation of the re-
sponse to the predictors. According to this analysis, GDP growth, unemployment rate, 
labour productivity, government bonds yields and openness of the economy, seemed 
to be the most useful variables for the future regression model (prediction model 1);

2.	 Authors calculated linear regression model by using all the variables (macroeconomic 
indicators). By the means of a Q-Q plot and homoscedastic test (residuals vs. fitted val-
ues), authors found out, that model with all variables has several deficiencies (predic-
tion model 2). It was also evident that data for the year 2009 are unusual comparing to 
data from other years. Year 2009 was influenced by economic crisis and recession, that 
is why most macroeconomic indicators were not developing continuously (in most 
western economies, economic crisis started in 2008. Slovak economy has been strongly 
linked with German economy, mostly with the automotive industry, and recession in 
Germany influenced also recession in Slovakia, however with one-year delay.);

3.	 Authors used Akaike’s information criterion (it compares the quality of a set of statisti-
cal models to each other) to compare the prediction model 1 and prediction model 2 

End of Table 1 
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(both models without data for year 2009). According to this selection criterion, predic-
tion model 1 is much more accurate. By the means of Q-Q plot and homoscedastic 
test, authors verified prediction model 1. It was clear, that data for years 2007 and 2008 
were also unusual comparing to the rest of the period. Year 2007 was the year with the 
highest economic growth, not only in the history of independent Slovakia, but also in 
comparing to other Central-Europe countries. Year 2008 was the year of the begin-
ning of economic crisis (the biggest impact of economic crisis was visible in 2009 in 
Slovakia, but year 2008 was also strongly influenced by it). It seems to be logical to 
exclude all years 2007, 2008, 2009 from the model.

4.	 To make model clearer and more adequate, authors set intercept on 0. This is the final 
model, the most accurate model, according to which public debt in Slovakia is influ-
enced (and dependent on) by 5 macroeconomic indicators: GDP growth, unemploy-
ment rate, labour productivity, government bonds yield and openness of the economy.

The final estimates of the regression model parameters, that are output from the R pro-
gram, are shown in Table 2.

Table 2. Output of processing of indicators from the R program own data processing in R program 
(source: own data processing in R program)

## 
## Call:
## lm(formula = debt ~ GDP_grow + Unemployment + Opennes + Public_sector + 
##     Yield – 1, data = de_train, subset = –c(13, 14, 15))
## 
## Residuals:
##	 Min	 1Q	 Median	 3Q	 Max 
##	 –4.9795	 –1.6935	 0.5761	 1.2344	 4.3469 
## 
## Coefficients:
##	 Estimate	 Std. Error	 t value	 Pr(>|t|)    
## GDP_grow	 –2.58951	 0.30106	 –8.601	 5.83e-07 ***
## Unemployment	 1.18420	 0.27099	 4.370	 0.000641 ***
## Opennes	 0.12471	 0.03529	 3.534	 0.003304 ** 
## Public_sector	 0.56237	 0.16040	 3.506	 0.003492 ** 
## Yield	 –1.15077	 0.76754	 –1.499	 0.156006    
## ---
## Signif. codes:	 0 ‘***’	 0.001 ‘**’	 0.01 ‘*’	 0.05 ‘.’	 0.1 ‘ ‘ 1
## 
## Residual standard error: 2.996 on 14 degrees of freedom
## Multiple R-squared:  0.9965, Adjusted R-squared:  0.9952 
## F-statistic: 793.1 on 5 and 14 DF,  p-value: < 2.2e-16

In the contribution, authors present only the variables that showed a significant correla-
tion with the development of the public debt. Therefore, the final linear regression model is 
formed by only five of the original seven explanatory variables.
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On the basis of the parameters authors confirmed that the gross domestic product growth 
indicator has the greatest impact on the development of public debt. This indicator has al-
most twice as much impact as the second most influential indicator, unemployment. The 
value of growth of the gross domestic product has got a minus sign indicating negative 
dependence, which means that the gross domestic product growth significantly reduces the 
debt ratio to GDP. The observed dependence confirms the existing empirical findings and 
basic assumptions.

The second most influential indicator in the model is the unemployment rate. The value 
is positive and means that the increase in unemployment leads to an increase in the ratio of 
public debt to gross domestic product. It is possible to explain this phenomenon in several 
ways. On one hand due to higher unemployment rate the revenue from tax collection and 
levies is declining, on the other hand rising unemployment results in increasing social trans-
fers expenditure that are including unemployment benefits. The obtained result reaffirms the 
theory that explains relationship between unemployment rate and the ratio of public debt to 
gross domestic product (e.g. Horváthová et al., 2012).

The third most influential indicator is government bond yields. The value is negative, 
which means that growth of the government bond yields significantly reduces the debt to 
GDP ratio. It is caused by the fact, that higher government bonds yields lead to more expen-
sive loans for government (it means less available). Less available loans could positively influ-
ence total indebtedness of the state and that is why also on the decrease of the public debt.  

As for impact intensity, the fourth and fifth indicators are the size of the public sector and 
the openness of the economy. Both macroeconomic indicators did not appear directly in the 
models in the past. The size of the public sector is expressed as a percentage of public spend-
ing on GDP. The parameter of this indicator has a positive sign, which can be interpreted as 
follows: If the public sector is growing, the public debt is increasing as well. An increase in 
the need to finance public goods without sufficient financial resources on the revenue side of 
the budget puts pressure on the increase in the deficit and consequently in the public debt. 
It follows that although the theory does not pay much attention to issues of public debt and 
public sector size, the inclusion of this variable in the model is justified.

The last indicator, the openness of the economy is measured as the ratio of the sum 
of export and import to the gross domestic product. The impact factor of this indicator is 
considerably weaker comparing to others. The linear model predicts the openness of the 
economy as statistically significant factor. The growth of the openness of the economy should 
theoretically contribute to the increase of indebtedness. Based on general knowledge and 
authors´ subjective approach, this dependence seems not to be so crucial. Without further 
analysis authors do not attribute an important significance to this parameter, at the present 
level of knowledge. Authors can accept a possibility that the value of parameter is due to 
statistical deviation or it results from a model imperfection.

3.2. Verification of the applicability of the linear regression model

If a linear regression model is to be suitable to predict the public debt, then it has to fulfill 
several statistical assumptions.
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The first assumption of the applicability of a linear regression model is normality of ob-
servation. To evaluate normality, authors have used the Q – Q plot. The graph shows points, 
whose coordinates are the values (quantiles) of normal distribution with a mean 0 on the 
horizontal axis and the distribution of empirical data on the vertical axis. Figure 1 confirms 
that values show a normal distribution, as the points are located either on or close to the 
straight line.

Norm quantiles
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Figure 1. Q – Q plot for a linear regression model  
(source: own data processing in R program)

The second assumption is the stability of the model, which is verified by homoscedastic-
ity, i.e. by comparing variance of deviations. If deviations of empirical values from the esti-
mated values occur randomly, that is, they do not tend to cluster, the model is homoscedastic 
and it fulfils the condition of stability. It is best to see the homoscedasticity of the model from 
the graphical representation (Figure 2).

Residuals vs Fitted

Fitted values
Im(debt~GDP_grow + Unemployment + Opennes + Public_sector + Yield – 1)

30              35              40              45               50              55

Re
sid

ua
ls

4

2

0

–2

–4

–6

Figure 2. Deviation of empirical and estimated values  
(source: own data processing in R program)
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Finally, the last assumption for the use of the linear regression model for prediction, is 
the value of the coefficient of variance determination, which expresses how many percent of 
development of the dependent variable, in this case the size of the public debt, the model is 
able to explain. To verify the value, authors calculated the adjusted R square, which is ad-
justed to take into account the number of estimated model parameters and also the number 
of observations for all variables. For authors’ linear model, the adjusted coefficient of variance 
determination has achieved the value of 0.9952 (Adjusted R – squared of Table 2), which 
means that the model explains more than 99% of the changes in public debt.

4. Prediction of public debt in Slovakia 

After verifying the statistical assumptions that confirmed the possibility of using a linear re-
gression model to predict the development of public debt size, authors calculated the amount 
of public debt for year 2017. For the calculation, authors have used a linear regression model 
with five parameters as shown in Table 3. 

The value of the public debt as a share of GDP for 2017 was estimated at 46.72% of GDP. 
Table 4 displays estimated value of public debt to GDP share, the real value and the differ-
ence between them.

Table 3. Values of indicators in linear regression model (source: own data processing in R program)

GDP_growth Unemployment Opennes Public_sector Yield

–2.5895092 1.1841952 0.1247139 0.5623663 –1.1507661

Table 4. Public debt in 2017 (prediction and real value) (source: own data processing in R program 
according to Eurostat, n.d. data)

Prediction of public debt 0.4672
Actual public debt  0.518

Difference 0.0508

Actual debt in the year 2017 reached 51.8% of GDP. Authors᾿ forecast therefore underes-
timated the size of the public debt by 5.087%. Figure 3 shows the size of the public debt as a 
share of GDP in individual years from 1995 to 2017, with the triangle representing prediction 
for 2017. Given the simplicity of the linear regression model, the deviation of the predicted 
value of the size of the public debt from the reality in 2017 is relatively small.

Conclusions

T﻿he economic crisis that Slovakia, the countries of the European Union and other economies 
of the world have undergone, has caused the issue of deficits and public debt to become very 
topical. Public debt in most countries began to rise sharply during the crisis, bringing about 
several serious problems. The countries were forced to take measures to reduce them, to 
restore economic growth and recovery their economies. Although the situation is starting to 
improve lately, the threat of high public debt is still up to date.
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There are number of different factors behind the development of public debt, from his-
torical, through political, to economic factors. Given the complexity and range of the issue, 
from a number of factors influencing public debt in this research, authors have selected 
only a group of macroeconomic indicators. The focus and main objective of our work was 
to analyse their impact on public debt, to choose those which influence public debt most 
significantly and to create a model that could be used to predict further trends of public debt 
in Slovakia. Authors selected macroeconomic indicators on the basis of the scientific studies 
and researches carried out in this field, supplemented by own proposals and assumptions. 
An important selection criterion was that the used indicators represent different areas of 
macroeconomics.

Specific feature of authors’ methodological approach was the chosen analysed period. 
Despite the fact that some studies focused on longer periods (e.g. Salotti & Trecroci, 2012; 
Vezzoli, 2015), authors decided for the years 1995–2016. Using of older data would, in case 
of Slovakia, be more strongly influenced by historical events, socio-political changes, and 
economic transition to a market economy. Analysed period is quite short (only 22 years, from 
which authors excluded years 2007, 2008, 2009, as years most strongly influenced by either 
maximum economic boom or by economic crisis and recession), and it will be necessary to 
verify correctness of the final model also in longer period. Authors, however, assume that 
macroeconomic indicators which influence public debt in Slovakia most significantly in short 
period will influence public debt also in longer period.

Analysis and modelling of public debt dependencies on the group of macroeconomic 
indicators resulted in a simple linear regression model. The advantage of the simple model is 
lower probability of losing information in the statistical processing. However, simplicity can 
also be a negative element if the variables did not develop standard during the period under 
review, but for instance, due to external factors, they have had more significant deviations 
from the normal values. In the model, authors avoided influence of non-standard data by 

Figure 3. Development of public debt from 1995 to 2017, including prediction for 2017  
(source: own data processing in R program)
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excluding years 2007, 2008 and 2009. This analysis shows that the macroeconomic indicators, 
that most affect the level of public debt, are the growth of the gross domestic product, the 
unemployment rate, the size of the public sector, the openness of the economy and govern-
ment bonds yields.

Authors confirmed the quality of the assembled linear regression model by testing the 
distribution normality and homoscedasticity. In the first case, authors used the Q-Q plot to 
confirm the distribution normality. The homogeneity of variance was confirmed by graphi-
cal depiction of the deviations of empirical and estimated values. Applicability of the linear 
regression model was also confirmed by the calculation of the adjusted coefficient of vari-
ance determination, which showed that the indicators selected by us explained more than 
99% of the changes in public debt. The level of public debt changes explained by the linear 
regression model is very high. Although the predicted public debt size for 2017 calculated 
using the linear regression model is underestimated by 5.08%, the deviation from the reality, 
considering given debt level, is relatively small.

This paper implies that public debt is influenced by many indicators, from which various 
were already analysed in scientific studies. From all macroeconomic indicators, authors fo-
cused on GDP growth, inflation, unemployment, labor productivity, size of public sector, and 
government bond yields. Besides indicators, standardly used for explaining and predicting 
public debt, we focused also on the openness of the economy. Authors consider openness of 
economy an important factor influencing economic situation as well as public debt in small 
economies, such as Slovakia. The aim of the paper was to identify those macroeconomic 
indicators which influence most significantly public debt in Slovakia and to elaborate and 
verify simple model for public debt prediction in Slovakia. Study offers unique approach to 
identify the most significant indicators from various macroeconomic areas, including open-
ness of economy. 

In the research, authors focused primarily on the influence of macroeconomic indicators 
on public debts. It was confirmed by many studies (e.g. Vučkovic & Sertic, 2013; Eusepi & 
Wagner, 2017) that non-economic factors strongly influenced public debt (however, they were 
not considering combination of macroeconomic and non-economic factors). Authors consider 
necessary to include also other factors into the future research and models. Authors consider 
political factors, political decisions, democratic orientation of the country, eventually other 
non-macroeconomic factors crucial for obtaining more accurate and significant model. 

Results of the research included in this paper can serve as source of information and 
fundament for public policies actions. Authors confirmed that GDP growth and government 
bond yields influence public debt in positive way (there is a negative dependence between 
the GDP growth, increase of government bond yields and public debt growth). On the other 
side, unemployment rate, openness of economy and extent of the public sector have nega-
tive influence on the public debt growth. These information can help to choose appropriate 
policy actions for reducing public debt in Slovakia and to focus particularly on those mac-
roeconomic indicators which have the most significant influence (positive or negative) on 
the public debt growth.

There are, however, several limitations of the research and findings. Because of the short 
existence of independent Slovakia, authors were able to analyse only relatively short period 
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(22 years) and to construct and verify model only for this short period. It will be necessary to 
repeat selection of indicators and construction of the model in regular intervals, to confirm 
the findings and to identify trends and changes in the public debt development in Slovakia. 
By using other statistics methods as well as expanding the data set under review, it is pos-
sible to achieve greater accuracy of predictions as well as to eliminate some drawbacks and 
shortcomings of a simple linear regression model. Authors consider necessary to continue 
with the research and to extend research for more countries. It will be interesting and even 
necessary to apply similar research and to elaborate model in other V4 countries (Czech 
Republic, Poland, and Hungary). Because of the common past (part of socialistic block, 
and necessity of transformation from planned economy to market economy), there could 
be interesting similarities of the public debt development. On the other side, continuity of 
the development in other V4 countries is longer than in Slovakia (because of their longer 
existence as independent states). It can lead to more accurate model and possibility of longer-
term predictions in these countries. Also openness of the economy can have significantly 
different influence on public debt in Slovakia than in other V4 countries. Using data from 
more countries can help to predict public debt development more accurately by using the 
panel regression model. It will be also interesting to find out, whether openness of economy 
is a significant factor influencing public debt also in other small open economies. 
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APPENDIX

Notations

Variables and functions
R2 – coefficient of determination;
R2

adj – adjusted coefficient of determination;
n – size of the sample;
k – number of explanatory variables;
y – explained variable; 
xi – explanatory variables.
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