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Abstract: This paper explores the causality between public debt, public debt service 
and economic growth in South Africa covering the period 1970 – 2017. The study 
employs the autoregressive distributed lag (ARDL) bounds testing approach to 
cointegration and the multivariate Granger-causality test. The empirical results indicate 
that there is unidirectional causality from economic growth to public debt, but only in 
the short run. However, the study fails to establish any causality between public debt 
service and economic growth, both in the short run and long run. In line with the 
empirical evidence, the study concludes that it is economic growth that drives public 
debt in South Africa, and that the causal relationship between public debt and economic 
growth is sensitive to the timeframe considered. The paper recommends policymakers 
in South Africa to consider growth-enhancing policies in the short run, since poor 
economic performances may lead to high public debt levels. 
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1. Introduction

The linkage between government debt and macroeconomic stability has 
remained a hotly contested issue in the literature. On the one hand, there is a rich body 
of theoretical literature that argues that deficit financing crowds out private sector 
investment and leads to depressed levels of output in the long run (Mankiw, 2000; 
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Saint-Paul, 1992; Modigliani, 1961; Domar, 1944). There is another theory that validates 
that public debt induces economic growth by stimulating aggregate demand and overall 
output – through enhancing gross savings and domestic financial markets (Elmendorf and 
Mankiw, 1999; Chenery and Strout, 1966; Wagner, 1893). Another divergent view argues 
that fiscal operations have a neutral impact on economic growth (Barro, 1990; 1979). 
Outside the theories discussed above, there is another theory that validates the existence 
of a nonlinear relationship between public debt and economic growth (Sachs, 1989). 
These varying theoretical views have been tested empirically, and until now, there is 
no consensus on the matter. 

On the other hand, the bulk of past empirical work has largely focused on 
the impact of public debt on economic growth, and public debt service on economic 
growth, with mixed results – disregarding the possibility of causality between the 
variables (Huang et al., 2018; Gómez-Puig and Sosvilla-Rivero; 2018; Owusu-Nantwi and 
Erickson, 2016; Kobayashi, 2015; Dogan and Bilgili, 2014; Kourtellos et al., 2013; Balcilar, 
2012). The analysis further revealed that public debt enjoyed more coverage than its debt 
service counterpart as proven by more studies on the impact of public debt than on 
the impact of public debt service on economic growth. The few studies on the impact of 
public debt service on economic growth include Serieux and Sammy (1999), Elbadawi 
et al. (1997) and Savvides (1992). Nevertheless, it is equally essential to determine the 
causal relationship between public debt and economic growth, and between public debt 
service and economic growth for effective policy making that guarantees both 
sustainable economic growth and public debt sustainability. 

Motivated by these developments, this paper contributes to the existing body of 
literature in four main ways. First, the paper simultaneously tests the direction of 
causality between public debt and economic growth, and between public debt service and 
economic growth in South Africa over the last forty-seven years to 2017. Second, the 
paper applies the dynamic multivariate Granger-causality model because of its many 
superior properties over bivariate causality frameworks – such as minimizing the 
omission-variable-bias, eliminating spurious correlations and also increasing the general 
validity of the causation test (Ferreira, 2009; Odhiambo, 2008; Lutkepohl, 1982). The 
causal relationship among variables after factoring in intermittent variables can alter the 
direction of causality or the magnitude of variables (Odhiambo, 2009; Lin, 2008). 

Third, according to Donayre and Taivan (2017), most previous studies that have 
focused on the causality between public debt and economic growth, and between 
public debt service and economic growth have neglected the testing of possible 
cointegrating relationships – widening the possibilities of estimating spurious correlations. 
Among such studies are those by Panizza and Presbitero (2013), Baum et al. (2013), and 
Woo and Kumar (2015). This paper addresses this issue by accentuating the 
importance of cointegrating relationships using the ARDL bounds testing approach, 
which has been found to have many advantages when compared to other conventional 
cointegration techniques. For example, the ARDL approach to cointegration presents 
unbiased regression estimates of the long-run model, even in cases where some 
variables are endogenous (Odhiambo, 2009). Finally, unlike most previous studies that 
made causality inferences based on a panel of countries (Ferreira, 2009; Amoateng and 
Amoako-Adu, 1996), this paper focuses on South Africa only; hence, the results are 
country-specific. 



 
3 

The remainder of the paper is organized as follows: Section 2 summarizes 
the dynamics of public debt, public debt service and economic growth in South Africa. In 
Section 3, the paper reviews theoretical and empirical literature on the causal linkages 
between public debt, public debt service and economic growth. Section 4 explains the 
research methodology; while Section 5 presents the empirical findings and results 
discussion. Finally, Section 6 outlines the concluding remarks on the paper. 

 
2. Public debt, public debt service and economic performance in South Africa: An 
overview 

The evolution of public debt, public debt service and economic growth in 
South Africa over the period from 1970 to 2017 has been largely influenced by the 
political developments in the country; the government’s drive to develop the economy; 
and also, by the structural economic changes – including movements in domestic and 
foreign interest rates, exchange rates and inflation rates (National Treasury, 2018; 1995; 
International Monetary Fund “IMF”, 2005). In the 1970s and 1980s, the inordinate rise in 
public debt was partly due to active participation by the government in both market 
processes and infrastructure development, which greatly expanded state expenditures – 
leading to debt financing (Faulkner and Loewald, 2008). The combined effect of: (1) 
exchange control regulations and stringent asset requirements; (2) international 
isolation; (3) high world interest rates; and (4) new government borrowing preferences, all 
contributed to limited access to international finance, resulting in the haste to develop a 
vibrant domestic debt market to fund growing budget deficits (Government of South 
Africa “GSA”, 2014; South African Reserve Bank “SARB”, 2006; Moss and Obery, 
1987). As a consequence, unlike most African states, South Africa has a high proportion 
of its public debt denominated in local currency (Rands), with a small proportion of 
the country’s domestic debt being held by non-residents (National Treasury, 2018). 

With the demise of the apartheid regime in 1994, the new South African 
government inherited foreign public debt worth more than R14 billion, owed mostly 
to the private banks in Germany, Switzerland, the United Kingdom and the United 
States of America (National Treasury, 1995). Since then, the country has also 
embarked on the fiscal, economic and financial reforms which ultimately fashioned 
the current structure, composition and trends of its public debt, public debt repayment 
costs and economic growth process. The South African government’s modest economic 
and financial reforms after 1994 did not only reduce the country’s foreign public debt 
stock, but also made the domestic government securities more attractive to both 
residents and non-residents (National Treasury, 2012). 

Additionally, the increased issuance of government bonds from 1996 to 2017 
broadened the sources of funding the fiscal financial requirements and also stimulated the 
growth of the country’s bond market (National Treasury, 2012; 1998). The other key aim 
of the government in increasing domestic debt instruments and in lengthening their 
maturing periods was to limit and spread domestic public debt service costs (SARB, 
2016; National Treasury, 2012). By December 2017, the aggregate public debt in 
South Africa amounted to R2.5 trillion (or 50.7% of gross domestic product “GDP”), 
while aggregate public debt repayment costs totaled R163.2 billion (or 3.5% of GDP) 
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(National Treasury, 2018). Overall, the rise in aggregate public debt since 2000, mostly 
the domestic component, has been a cumulative effect of the need to finance rising 
annual budget deficits and to refinance maturing government debt securities 
(National Treasury, 2018; 2012). 

Regarding economic growth, the South African economy has grown by an 
average of 2.3% between 1980 and 2017 (World Bank, 2018a). In the main, South 
Africa experienced two explicit economic growth phases; 1980 to 1992 and 1993 to 
2017. In phase one, 1980 – 1992, economic growth rates were not impressive – this was 
against a backdrop of the intensification of international political, economic and financial 
sanctions on the apartheid regime, which dried up funding for new state projects and 
increased political uncertainty (World Bank, 2018a; 2018b; Clark, 1994). The economic 
growth rates during this period, 1980 – 1992, were thus moderate, spiking around 
2.1% of GDP – with swings reaching a period low of a negative 1.8% in 1983 and a 
period high of about 5.1% in 1984 (World Bank, 2018a).  

From 1993 until 2009, economic growth rates steadily increased, whereas, 
from 2010, the country has had a negative economic growth trajectory up until 2017 
(World Bank, 2018a). On the whole, after 1994, the South African economy made a 
remarkable economic rebound following the adoption of stern structural policies, 
which stressed on among other things, trade liberalization, removal of discriminatory 
labor policies and practises, restructuring and privatization of some state-owned 
businesses, sectoral deregulation and real exchange rate stabilization (World Bank, 
2018a; 2001; GSA, 2014; 1996; 1994). Figure 1 displays the public debt, public debt 
service and economic growth trends in South Africa for the period 1980 – 2017. 
Public debt (PD) and public debt service (PDS) are both expressed as a percentage of 
real GDP (RGDP), while economic growth is measured by the annual growth rate of 
RGDP per capita (y). 

 

 

Fig 1: Public debt, public debt service and economic growth trends in South 
Africa (1980-2017) 

Source: Authors’ computations based on World Bank (2018a) databank  
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The evolvement of public debt in South Africa, as shown in Figure 1, can be put 
into three specific periods: 1980 – 1994, 1995 – 2008 and 2009 – 2017. The first period, 
1980 – 1994, is defined by rising public debt levels, resulting from growing fiscal deficits, 
which reached a period peak of 47% of GDP in 1994 (Statistics South Africa, 2017). 
During this period, the country was under economic sanctions levied by the international 
community (Clark, 1994). Government debt service costs were, however, falling owing to 
rising inflation rates, which had a reducing effect on the real monetary value on the 
domestic public debt (World Bank, 2018a).  

In the second period, 1995 – 2008, a downward trajectory in both public 
debt/RGDP and public debt service/RGDP ratios is evident. This period coincides 
with massive economic and financial reforms, which lessened the government debt 
repayment costs (National Treasury, 2012). Also, in this period, 1995 – 2008, there 
was massive industrialization and expansion of the country’s export sector. Economic 
growth rates steadily recovered from the 2001 bottom of 1.2% to a peak of about 
4.6% in 2006 but slid back again to a negative 2.6% in 2009 (World Bank, 2018a).  

In the last phase, 2009 – 2017, there is a noticeable upward trend in both the 
public debt/RGDP and public debt service/RGDP ratios, which can be attributed to 
the tail-effects of the 2008 global financial crisis and also to the introduction of new 
government debt instruments (National Treasury, 2018; 2016; 2012). The corresponding 
economic growth rates were also not impressive during the period, portraying an 
overall downward trend. 
 

3. Literature review 

In economic theory, there are two main arguments on the causal relationship 
between public debt and economic growth, and between public debt service and 
economic growth. First, is the Keynesian view, which argues that at moderate levels 
of public debt, fiscal policy is growth-enhancing (Elmendorf and Mankiw, 1999). This 
argument is confirmed by Barro (1979)’s view that public debt could be used to 
smoothen distortionary taxation and to induce economic growth by stimulating 
aggregate demand and output in the short run. Expansionary government policies 
that lead to public debt accumulation are argued to have a positive multiplier effect 
on both short-term and long-term economic growth – the law of increasing state activity 
(DeLong and Summers, 2012; Wagner, 1911). Second, is the Classical view that 
argues that public debt and public debt service negatively affects the productivity of 
public expenditures through crowding out private capital and the overall outflow of 
income (Teles and Mussolini, 2014; Saint-Paul, 1992; Modigliani, 1961). 

Empirically, the direction of causality between public debt and economic 
growth, and between public debt service and economic growth has undergone a limited 
examination as the majority of past studies have focused more on the impact 
between the variables. Of the few studies that explicitly focused on the direction of 
causality between public debt and economic growth, and between public debt service and 
economic growth, the results are mixed depending partly on the methodology used and a 
set of other heterogeneous factors. Among the countries analyzed, there is evidence 
of unidirectional causality and bidirectional causality between public debt and real 
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economic growth; and between public debt service and real economic growth. 
Furthermore, there is also empirical evidence that supports the neutrality hypothesis 
between the variables. 

While the majority of the studies have used the time-series Granger-causality test 
(Donayre and Taivan, 2017; Gómez-Puig and Sosvilla-Rivero, 2015), a few others have 
employed either the panel data Granger-causality test (Woo and Kumar, 2015; Jalles, 
2011; Ferreira, 2009; Abbas and Christensen, 2007) or the instrumental variable approach 
(Panizza and Presbitero, 2014; Reinhart and Rogoff, 2010). A summary of the empirical 
review of studies on the causality between public debt and economic growth, and 
between public debt service and economic growth is given in Table 1. 

 
Table 1: Empirical studies on the causality between public debt and 

economic growth, between public debt service and economic growth 

Source: Authors’ computation 

In Table 1, more studies have been conducted on the causality between 
public debt and economic growth than between public debt service and economic 
growth. Basing on the number of studies, the dominant causal flow in Table 1 is from 

Studies consistent with causality between public debt and economic growth 

Methodology Outcome Studies 

Time-series 
Granger-causality 

Debt → Growth Donayre and Taivan, 2017; Gómez-
Puig and Sosvilla-Rivero, 2015 

Debt ← Growth Donayre and Taivan, 2017; Gómez-
Puig and Sosvilla-Rivero, 2015; 
Kobayashi, 2015 

Debt ↔ Growth Donayre and Taivan, 2017; Owusu-
Nantwi and Erickson, 2016 

No causality Donayre and Taivan, 2017; Gómez-
Puig and Sosvilla-Rivero, 2015 

Panel data  
Granger-causality 

Debt ← Growth Woo and Kumar, 2015 

Debt ↔ Growth Ferreira, 2009; Abbas and 
Christensen, 2007 

Instrumental 
variable approach 

No causality Panizza and Presbitero, 2014; 
Reinhart and Rogoff, 2010 

Studies consistent with causality between public debt service and economic growth 

Methodology Outcome Studies 

Time-series 
Granger-causality 

Debt service → Growth Karagol, 2002 

Panel data  
Granger-causality 

Debt service → Growth Afxentiou, 1993 

Debt service ↔ Growth Amoateng and Amoako-Adu, 1996 

No causality Jalles, 2011 



 
7 

economic growth to public debt. However, no dominant causal flow was ascertained 
between public debt service and economic growth because the literature is still at a 
nascent stage. 

4. Research methodology 
 
4.1 Estimation techniques  
 

This paper employs a multivariate Granger-causality model within an 
autoregressive distributed lag (ARDL) bounds testing context, with a view to investigate 
the causality between public debt and economic growth, and between public debt 
service and economic growth, along with other control variables. According to Granger 
(1969) and Sims (1972), one variable Granger-causes another variable, given an 
information set, if past information about the former can improve the prediction of the 
latter based solely on its own past information. In other words, information on the 
evolution of one time-series minimizes the forecast errors of the other, implying that 
the latter does not evolve independently of the former (Lin, 2008). To increase the 
general validity of the causation test, as well as to eliminate spurious correlations, 
the paper incorporated two control variables to create a multivariate Granger-
causality model. The two intermittent variables are fiscal balance and savings.  

Prior to the application of the afore-described error correction model (ECM) 
based causality test, the paper utilizes the ARDL approach to confirm the existence 
or absence of a long-run relationship among the variables. The choice of the ARDL 
approach to cointegration is based on its strengths over the residual-based approach 
by Engle and Granger (1987), and the full maximum likelihood approach by Johansen 
and Juselius (1990). First, the ARDL approach captures the short-run and long-run 
relationships simultaneously, and the t-statistics from the ARDL procedure are valid, and 
its long-run estimates are reliable and unbiased (Pesaran and Shin, 1999). Second, 
the ARDL approach to cointegration provides robust results even in cases of small or 
finite sample sizes (Narayan, 2005). Lastly, the ARDL approach can produce sound 
results even when regression variables have a mixture of order of integration not 
exceeding one (Pesaran et al., 2001). 

The computed F-statistic is equated to the critical values provided by 
Pesaran et al. (2001). If the computed F-statistic exceeds the upper critical value, 
the null hypothesis of no cointegration is rejected; while the null hypothesis of no 
cointegration cannot be rejected if the F-statistic falls below the lower bounds critical 
value. Finally, if the F-statistic falls between the lower and upper bounds, then the 
cointegration result becomes inconclusive. 

To determine the optimal lag structure for each variable, the paper uses the 
Schwartz-Bayesian Information Criterion (BIC) and the Akaike Information Criterion 
(AIC). According to Cheung and Lai (1993), both the AIC and BIC methods perform well 
in finite samples provided that the true error structure has a finite and autoregressive 
representation. Principally, the importance of selecting the right lag length for each 
variable is that it lessens the bias that arises from under-parameterization of a model, 
as well as the loss in efficiency resulting from its over-parameterization (Thornton 
and Batten, 1985). Table 2 gives a description of each variable included in the study. 
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Table 2: Variable description 

Variable  Description 

y Annual growth rate of RGDP per capita (a proxy for economic growth) 

PD Public debt/RGDP ratio (a proxy for public debt) 

PDS Public debt service/RGDP ratio (a proxy for public debt service) 

FB Fiscal balance/RGDP ratio (a proxy of fiscal balance) 

SAV Gross domestic savings/RGDP ratio (a proxy for savings)  

Source: Authors’ computation 
 
 
4.2 Empirical model specification and data sources 

This paper applies two models, Model 1 and Model 2. In Model 1, the paper 
examines the causality between public debt and economic growth, whereas, in 
Model 2, the causality between public debt service and economic growth is 
considered. Two control variables, that is, fiscal balance and savings were added to 
each of the two models. A system of cointegration equations for Model 1 in this study 
is expressed as follows: 

ARDL specification for Model 1 (y, PD, FB and SAV) 

∆𝑦௧ ൌ ф଴ ൅ ෍ фଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ фଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ фଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ фସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀ଴

௡

௜ୀ଴

 

     ൅ фହ𝑦௧ିଵ ൅ ф଺𝑃𝐷௧ିଵ ൅ ф଻𝐹𝐵௧ିଵ ൅ ф଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଵ௧ … … … … … … … … … ሺ1.1ሻ 
 

∆𝑃𝐷௧ ൌ 𝜆଴ ൅ ෍ 𝜆ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ 𝜆ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝜆ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜆ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀ଴

௡

௜ୀଵ

 

     ൅ 𝜆ହ𝑦௧ିଵ ൅ 𝜆଺𝑃𝐷௧ିଵ ൅ 𝜆଻𝐹𝐵௧ିଵ ൅ 𝜆଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଶ௧ … … … … … … … … … … ሺ1.2ሻ 

 

∆𝐹𝐵௧ ൌ 𝛽଴ ൅ ෍ 𝛽ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ 𝛽ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝛽ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝛽ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀଵ

௡

௜ୀ଴

 

     ൅ 𝛽ହ𝑦௧ିଵ ൅ 𝛽଺𝑃𝐷௧ିଵ ൅ 𝛽଻𝐹𝐵௧ିଵ ൅ 𝛽଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଷ௧ … … … … … … … … … . . ሺ1.3ሻ 
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∆𝑆𝐴𝑉௧ ൌ 𝜔଴ ൅ ෍ 𝜔ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ 𝜔ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝜔ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜔ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀ଴

௡

௜ୀ଴

 

     ൅ 𝜔ହ𝑦௧ିଵ ൅ 𝜔଺𝑃𝐷௧ିଵ ൅ 𝜔଻𝐹𝐵௧ିଵ ൅ 𝜔଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ସ௧ … … … … … … … … … ሺ1.4ሻ 

Where ф଴, 𝜆଴, 𝛽଴ and 𝜔଴ are respective constants; фଵ െ фସ, 𝜆ଵ െ  𝜆ସ, 𝛽ଵ െ
 𝛽ସ and 𝜔ଵ െ 𝜔ସ are respective short-run coefficients; фହ െ ф଼, 𝜆ହ െ  𝜆଼,  𝛽ହ െ 𝛽଼ and 
𝜔ହ െ 𝜔଼ are respective long-run coefficients; 𝜀ଵ െ  𝜀ସ are the error terms; Δ is the 
difference operator; n is the lag length; t is the time period; and all the other variables 
are as described in Table 2. 

ECM-based Granger-causality for Model 1 (y, PD, FB and SAV) 

Following Donayre and Taivan (2017), and based on the work of Pesaran 
and Shin (1999) and Pesaran et al. (2001), the ECM-based multivariate Granger-
causality model in this study, for Model 1, is expressed as: 

∆𝑦௧ ൌ ф଴ ൅ ෍ фଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ фଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ фଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ фସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

        ൅ фଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଵ௧ … … … … … … … … … … … … … … … … … … … . . … … … ሺ1.5ሻ 

 

∆𝑃𝐷௧ ൌ 𝜆଴ ൅ ෍ 𝜆ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ 𝜆ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝜆ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜆ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

     ൅ 𝜆ଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଶ௧ … … … … … … … … … … … … … … … … … … … … … … … … ሺ1.6ሻ  

 

∆𝐹𝐵௧ ൌ 𝛽଴ ൅ ෍ 𝛽ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ 𝛽ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝛽ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝛽ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

     ൅ 𝛽ଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଷ௧ … … … … … … … … … … … … … … … … … … … … … … … … ሺ1.7ሻ 

 

∆𝑆𝐴𝑉௧ ൌ 𝜔଴ ൅ ෍ 𝜔ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ 𝜔ଶ௜∆𝑃𝐷௧ି௜ ൅ ෍ 𝜔ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜔ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

       ൅ 𝜔ଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ସ௧ … … … … … … … … … … … … … … … … … … … … … … … ሺ1.8ሻ 

Where фଽ, 𝜆ଽ, 𝛽ଽ and 𝜔ଽ are coefficients of 𝐸𝐶𝑀௧ିଵ; 𝐸𝐶𝑀௧ିଵ is the error 
correction term lagged by one period; and all the other variables are as described in 
the cointegration model (Model 1). 
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ARDL specification for Model 2 (y, PDS, FB and SAV)  

∆𝑦௧ ൌ ѱ଴ ൅ ෍ ѱଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ ѱଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ ѱଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ ѱସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀ଴

௡

௜ୀ଴

 

       ൅ ѱହ𝑦௧ିଵ ൅ ѱ଺𝑃𝐷𝑆௧ିଵ ൅ ѱ଻𝐹𝐵௧ିଵ ൅ ѱ଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଵ௧ … … … … … … … … ሺ2.1ሻ 

 

∆𝑃𝐷𝑆௧ ൌ 𝜌଴ ൅ ෍ 𝜌ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ 𝜌ଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ 𝜌ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜌ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀ଴

௡

௜ୀଵ

 

      ൅ 𝜌ହ𝑦௧ିଵ ൅ 𝜌଺𝑃𝐷𝑆௧ିଵ ൅ 𝜌଻𝐹𝐵௧ିଵ ൅ 𝜌଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଶ௧ … … … … … … … … … ሺ2.2ሻ 

 

∆𝐹𝐵௧ ൌ∝଴൅ ෍ ∝ଵ௜ ∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ ∝ଶ௜ ∆𝑃𝐷𝑆௧ି௜ ൅ ෍ ∝ଷ௜ ∆𝐹𝐵௧ି௜ ൅ ෍ ∝ସ௜ ∆𝑆𝐴𝑉௧ି௜

௡

௜ୀ଴

௡

௜ୀଵ

௡

௜ୀ଴

 

     ൅ ∝ହ 𝑦௧ିଵ ൅∝଺ 𝑃𝐷𝑆௧ିଵ ൅∝଻ 𝐹𝐵௧ିଵ ൅∝଼ 𝑆𝐴𝑉௧ିଵ ൅ 𝜀ଷ௧ … … … … … … … … ሺ2.3ሻ 

 

∆𝑆𝐴𝑉௧ ൌ 𝛿଴ ൅ ෍ 𝛿ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀ଴

෍ 𝛿ଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ 𝛿ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝛿ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀ଴

௡

௜ୀ଴

 

      ൅ 𝛿ହ𝑦௧ିଵ ൅ 𝛿଺𝑃𝐷𝑆௧ିଵ ൅ 𝛿଻𝐹𝐵௧ିଵ ൅ 𝛿଼𝑆𝐴𝑉௧ିଵ ൅ 𝜀ସ௧ … … … … … … … … … ሺ2.4ሻ 

Where ѱ଴, ρ଴, ∝଴ and δ଴ are respective constants; ѱଵ െ ѱସ, ρଵ െ  ρସ, ∝ଵ െ
 ∝ସ and δଵ െ  δସ are respective short-run coefficients; ѱହ െ ѱ଼,  ρହ െ ρ଼, ∝ହ െ  ∝଼ 
and δହ െ  δ଼ are respective long-run coefficients;  εଵ െ  εସ  are the error terms; Δ is 
the difference operator; n is the lag length; t  is time period; and all the other variables 
are as described in Table 2. 

 

ECM-based Granger-causality for Model 2 (y, PDS, FB and SAV) 

∆𝑦௧ ൌ ѱ଴ ൅ ෍ ѱଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ ѱଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ ѱଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ ѱସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

       ൅ ѱଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଵ௧ … … … … … … … … … … … … … … … … … … … … … … … ሺ2.5ሻ 

 

∆𝑃𝐷𝑆௧ ൌ 𝜌଴ ൅ ෍ 𝜌ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ 𝜌ଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ 𝜌ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝜌ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

     ൅ 𝜌ଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଶ௧ … … … … … … … … … … … … … … … … … … … … … … … … ሺ2.6ሻ 
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∆𝐹𝐵௧ ൌ∝଴൅ ෍ ∝ଵ௜ ∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ ∝ଶ௜ ∆𝑃𝐷𝑆௧ି௜ ൅ ෍ ∝ଷ௜ ∆𝐹𝐵௧ି௜ ൅ ෍ ∝ସ௜ ∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

      ൅ ∝ଽ 𝐸𝐶𝑀௧ିଵ ൅ 𝜇ଷ௧ … … … … … … … … … … … … … … … … … … … … … … … ሺ2.7ሻ 

 

∆𝑆𝐴𝑉௧ ൌ 𝛿଴ ൅ ෍ 𝛿ଵ௜∆𝑦௧ି௜ ൅

௡

௜ୀଵ

෍ 𝛿ଶ௜∆𝑃𝐷𝑆௧ି௜ ൅ ෍ 𝛿ଷ௜∆𝐹𝐵௧ି௜ ൅ ෍ 𝛿ସ௜∆𝑆𝐴𝑉௧ି௜

௡

௜ୀଵ

௡

௜ୀଵ

௡

௜ୀଵ

 

     ൅ 𝛿ଽ𝐸𝐶𝑀௧ିଵ ൅ 𝜇ସ௧ … … … … … … … … … … … … … … … … … … … … … … … … ሺ2.8ሻ 

Where ѱଽ, 𝜌ଽ, ∝ଽ, and 𝛿ଽ are coefficients of 𝐸𝐶𝑀௧ିଵ; 𝐸𝐶𝑀௧ିଵ is the error 
correction term lagged by one period; and all the other variables are as described in 
the cointegration model (Model 2). 

The paper utilized annual time-series data from 1970 to 2017 for all the 
variables in Models 1 and 2. The annual time-series data for these variables is taken 
from the World Bank World Development Indicators database (World Bank, 2018a). 
Further, the paper employed the Microfit 5.01 econometric package to run all 
independent regressions. 

 
 

5. Empirical findings and results discussion 

Although the ARDL bounds test procedure does not require all variables to 
be integrated of the same order, the approach requires that all variables be 
integrated of order of a maximum of one (Pesaran et al., 2001). The results of Dickey 
Fuller Generalized Least Square (DF-GLS) and Perron (1997) unit root test 
(PPURoot) are presented in Table 3. 

 

Table 3: Unit root test results – all variables 

 

DF-GLS PPURoot 

Stationarity of all 
Variables in Levels 

Stationarity of all 
Variables in First 

Difference 

Stationarity of all 
Variables in Levels 

Stationarity of all 
Variables in First 

Difference 

V
ar

ia
bl

e 

With 
Intercept 

With 
Intercept 
and Trend 

With 
Intercept 

With 
Intercept 
and Trend

With 
Intercept 

With 
Intercept 
and Trend 

With 
Intercept 

With 
Intercept 
and Trend 

y -4.928*** -4.946*** - - -5.578** -5.588** - - 

PD -1.692* -1.921 - -5.444*** -2.319 -2.781 -6.072*** -6.006*** 

PDS -1.336 -2.279 -5.131*** -6.500*** -3.902 -3.769 -7.688*** -7.636*** 
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DF-GLS PPURoot 

Stationarity of all 
Variables in Levels 

Stationarity of all 
Variables in First 

Difference 

Stationarity of all 
Variables in Levels 

Stationarity of all 
Variables in First 

Difference 

V
ar

ia
bl

e 

With 
Intercept 

With 
Intercept 
and Trend 

With 
Intercept 

With 
Intercept 
and Trend

With 
Intercept 

With 
Intercept 
and Trend 

With 
Intercept 

With 
Intercept 
and Trend 

FB -2.648*** -2.794 - -6.537*** -3.340 -3.274 -7.596*** -7.253*** 

S -1.279 -1.765 -4.932*** -5.566*** -3.310 -3.491 -7.049*** -7.508*** 

Note: *, ** and *** imply the rejection of the null hypothesis of non-stationarity at 10%, 5% and 
1% significance levels, respectively. 
Source: Authors’ computation by using EViews 9.01 software 

Even though the unit root test results vary from one test to the other, overall, 
the variables are either integrated of order zero or one, thus confirming the aptness 
of the ARDL bounds estimation technique. The next stage is to test for the presence 
or absence of long-run equilibrium relationship among regression variables in the 
two models using a bounds F-statistic test. Table 4 presents the cointegration results 
for Model 1 and Model 2. 

 
Table 4: Bound F-test for cointegration results – Models 1 and 2 

Pane A: Model 1 – Public debt and economic growth 

Dependent Variable Function F-statistic Cointegration Status 

y F(y| PD, FB, S) 4.538** Cointegrated 

PD F(PD| y, FB, S) 2.407 Not cointegrated 

FB F(FB| y, PD, S) 1.537 Not cointegrated 

S F(S| y, PD, FB) 3.784* Cointegrated 

Panel B: Model 2 – Public debt service and economic growth 
Dependent Variable Function F-statistic Cointegration Status 

y F(y| PDS, FB, S) 6.200*** Cointegrated 

PDS F(PDS| y, FB, S) 3.850* Cointegrated 

FB F(FB| y, PDS, S) 2.335 Not cointegrated 
S F(S| y, PDS, FB) 3.112 Not cointegrated 
Asymptotic critical values (unrestricted intercept and no trend) 
 
Pesaran et al. (2001: 300)  
Table CI(iii) Case III 

10% 5% 1% 

I(0) I(1) I(0) I(1) I(0) I(1) 
2.72 3.77 3.23 4.35 4.29 5.61 

Note: *, ** and *** imply statistical significance at 10%, 5% and 1%, respectively. 
Source: Authors’ computation by using Microfit 5.01 software 
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The cointegration results reported in Table 4 establish that cointegration 
exists in the economic growth and savings functions for Model 1 [Panel A], and in 
the economic growth and public debt service functions for Model 2 [Panel B]. The 
findings in Models 1 and 2 are validated by the respective F-statistics of each 
function vis-à-vis the Pesaran et al.’s (2001) asymptotic critical values. The existence 
of cointegration in these functions indicate the presence of causality in at least one 
direction (Muyambiri and Odhiambo, 2018; Sims, 1972). Therefore, the paper 
proceeds to establish the direction of causality between public debt and economic 
growth, and between public debt service and economic growth by running an ECM-
based causality test. The empirical results of the Granger-causality test for Model 1 
and Model 2 for South Africa are presented in Table 5, Panel A and Panel B, 
respectively. 

 
Table 5: Granger-causality test results – Models 1 and 2 

 

Panel A: Model 1 – Public debt and economic growth 

Dependent 
Variable 

F-statistics [probability] ECTt-1 
[t-statistics] ∆𝒚𝒕 ∆𝑷𝑫𝒕 ∆𝑭𝑩𝒕 ∆𝑺𝒕 

∆𝒚𝒕 
- 1.739 

[0.179] 
2.468* 
[0.080] 

3.143* 
[0.054] 

-0.376*** 
[-4.520] 

∆𝑷𝑫𝒕 
2.316* 
[0.051] 

- 0.465 
[0.632] 

1.333 
[0.256] 

- 

∆𝑭𝑩𝒕 
0.879 

[0.462] 
1.905 
[0.148] 

- 0.845 
[0.479] 

- 

∆𝑺𝒕 
2.108 

[0.118] 
2.802* 
[0.055] 

1.339 
[0.279] 

- -0.134* 
[-1.727] 

Panel B: Model 2 – Public debt service and economic growth 

Dependent 
Variable 

F-statistics [probability] ECTt-1 
[t-statistics] 

∆𝒚𝒕 ∆𝑷𝑫𝑺𝒕 ∆𝑭𝑩𝒕 ∆𝑺𝒕 

∆𝒚𝒕 
- 1.002 

[0.323] 
5.254** 
[0.027] 

3.753* 
[0.060] 

-0.369*** 
[-4.574] 

∆𝑷𝑫𝑺𝒕 
0.274 

[0.604] 
- 1.577 

[0.217] 
8.030*** 
[0.003] 

-0.244** 
[-2.628] 

∆𝑭𝑩𝒕 
1.119 

[0.296] 
0.004 
[0.948] 

- 1.579 
[0.216] 

- 

∆𝑺𝒕 
2.993* 
[0.091] 

0.671 
[0.418] 

0.746 
[0.393] 

- - 

Note: *, ** and *** imply statistical significance at 10%, 5% and 1% levels, respectively. 
Source: authors’ computation by using Microfit 5.01 software 
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The empirical results reported in Table 5, Panel A for Model 1, reveal that 
there is short-run unidirectional causality from economic growth (y) to public debt 
(PD). This outcome is confirmed by the corresponding F-statistic of economic growth 
(∆yt) in the public debt (∆PDt) function, which is statistically significant. The causality 
results for Model 1 indicate that it is economic growth that drives public debt in South 
Africa. This result is not unique to this study as it is consistent with the finding in 
Donayre and Taivan (2017).  

Other results of Model 1 presented in Panel A confirm that, in South Africa, 
there is: (i) unidirectional causal flow from fiscal balance to economic growth, irrespective 
of whether the causality is estimated in the short run or in the long run; (ii) unidirectional 
causality between savings and economic growth, both in the short run and long run; 
(iii) short-run and long-run causal flow from public debt to savings; and (iv) no causality 
between fiscal balance and public debt, and between fiscal balance and savings. 

Empirical results presented in Table 5, Panel B for Model 2, where public 
debt service, fiscal balance, savings and economic growth are variables, indicate 
that in South Africa there is no short-run or long-run causality between public debt 
service and economic growth. This result is confirmed by the corresponding F-statistics 
of ΔPDS in the economic growth function (∆yt) and that of ∆yt in the public debt 
service function (∆PDSt), which are both statistically insignificant. This finding is in 
line with empirical evidence from Jalles (2011). 

Other results of Model 2 reported in Panel B confirm that, in South Africa, 
there is: (i) distinct short-run and long-run unidirectional causality from fiscal balance 
to economic growth; (ii) short-run bidirectional causality from savings to economic 
growth; (iii) long-run unidirectional causality from savings to economic growth; (iv) distinct 
short-run and long-run unidirectional causality from savings to public debt service; 
and (v) no causality between savings and fiscal balance, and between public debt service 
and fiscal balance. 

 
 

6. Conclusions 

In this paper, the causality between public debt and economic growth is 
examined in South Africa for the period 1970 – 2017. The paper makes use of two 
models, namely, Model 1 and Model 2. Model 1 is composed of public debt, economic 
growth, fiscal balance and savings; whereas Model 2 is composed of public debt service, 
economic growth, fiscal balance and savings. Fiscal balance and savings were used 
as intermittent variables to overcome the limitations of bivariate causality test, such 
as the omission-variable-bias. The paper employed the ARDL bounds testing procedure 
for cointegration and the ECM-based Granger-causality test to explore the underlying 
relationships. 

This paper explicitly contributes to the existing theoretical and empirical 
literature on the debt-growth nexus in four main ways. First, contrary to most past 
studies on the subject that analyzed only the causality between public debt and 
economic growth, this paper extends the causality analysis to public debt service 
and economic growth as well (Donayre and Taivan, 2017; Gómez-Puig and Sosvilla-
Rivero, 2015; Kobayashi, 2015). Second, regarding modelling, the study employs a 
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multivariate causality model, which has been confirmed to perform better than the 
bivariate model. The traditional bivariate model used in past studies is known to suffer 
from variable-omission-bias (Odhiambo, 2008). The chosen multivariate Granger-
causality approach has the advantage of eliminating spurious correlations and 
increasing the general validity of the causation test (Lutkepohl, 1982). Third, unlike 
most past studies on the subject which make inferences based on cross-sectional 
Granger-causality tests, this paper performs causal tests for a specific country, South 
Africa (Donayre and Taivan, 2017; Panizza and Presbitero, 2014). The chosen approach 
in this paper has the advantage of capturing country-specific factors. Lastly, most 
previous studies on the subject neglected the testing of possible cointegrating 
relationships – widening the possibilities of estimating spurious correlations, such as 
those by Panizza and Presbitero (2013), Baum et al. (2013), and Woo and Kumar 
(2015). This paper addresses this issue by highlighting the significance of cointegrating 
relationships using the ARDL bounds testing procedure, which has been found to 
have superior properties when compared to other conventional cointegration techniques 
(see Odhiambo, 2009). 

The study reveals that for South Africa, there is short-run unidirectional causal 
flow from economic growth to public debt. However, the study fails to establish any 
causality between public debt service and economic growth, both in the short run 
and long run. In line with these results, the study concludes that it is economic growth 
that drives public debt in South Africa, and that the causal relationship between 
public debt and economic growth is sensitive to the timeframe considered. The 
study, therefore, recommends that appropriate economic growth-enhancing policies 
should be intensified in South Africa in order to uphold a sustainable public debt 
level. In the main, the findings of this study not only contribute to the on-going debate 
on the relationship between public debt and economic growth, and between public 
debt service and economic growth, but also help in policy formulation in South Africa. 

Although the paper used two intermittent variables to avoid model misspecification 
and increase the predictive power of the models, other important variables could  
be included, such as, but not limited to, quality of public sector institutions and 
macroeconomic uncertainty. These variables were omitted in the study due to the 
unavailability of reliable time-series data. As the data of these and other variables 
become available, it would be ideal for future studies on the subject to establish whether 
the results would change significantly after incorporating these variables.  
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