
Journal of Indonesian Economy and Business 

Volume 39, Number 2, 2024, 195 – 212 

https://doi.org/10.22146/jieb.v39i2.5819 https://journal.ugm.ac.id/v3/jieb 

Copyright© 2024 THE AUTHOR (S). This article is distributed under a Creative Commons Attribution-Share Alike 4.0 International license. 

Journal of Indonesian Economy and Business is published by the Faculty of Economics and Business, Universitas Gadjah Mada. 

 

NONLINEAR ANALYSIS OF GROWTH’S EFFECT ON DEBT: 

FINDING THE THRESHOLD 

Sugeng Triwibowo1*, Defy Oktaviani2, Nurfika3 

1 Department of Economics, Faculty of Economics and Business, Universitas Gadjah Mada, 

Yogyakarta, 55281, Indonesia 
2 Directorate General of Foreign Trade, Ministry of Trade, Jakarta, 10110, Indonesia 
3 Statistics Serang Regency, BPS-Statistics Indonesia, Serang, 42182, Indonesia 

 

ABSTRACT  ARTICLE INFO 

Introduction/Main Objectives: This paper explores the nonlinear effect 

of economic growth on the accumulation of public debt for groups of 

countries, based on their income levels, by finding its threshold estimator. 

Background Problems: The existing literature has discussed the debt's 

effect on growth intensively. Thus, empirical analysis to observe the 

inverse relationship between both variables is needed. Novelty: This 

paper confirms the negative and nonlinear impact of economic growth on 

public debt, and finds the threshold levels of economic growth on debt in 

high-income countries (HIC) and low-and middle-income countries 

(LMIC). Research Methods: We employed OLS panel regression with 

data covering 62 countries from 1970 to 2015. The fixed-effect panel 

threshold model is used to estimate the threshold level of economic 

growth that affects debt accumulation. Finding/Results: We found that 

economic growth reduces the public debt in the long run. In HIC, we find 

two threshold levels of economic growth, at 2.92% and at 8.41%. 

Moreover, in LMIC, a single threshold is found at 11.61%. Conclusion: 

It is proven that maintaining robust economic growth could reduce debt 

accumulation in the long run, the magnitude of the impacts varies 

between HIC and LMIC. 
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INTRODUCTION  

Economic growth is supposed to reduce 

government debt through various mechanisms. 

Economic growth due to higher levels of 

economic activity increases tax revenues. As 

businesses expand and individuals earn more 

income, the amount of tax collected increases. 

The additional tax revenue can be used to 

finance government expenditure, including debt 

repayment, reducing the overall public debt 

burden. Further, economic growth can reduce 

government spending on social expenditures, as 

economic growth incites lower unemployment 

and reduces poverty. Economic growth promotes 

public debt sustainability and erodes the debt 

burden. Robust growth boosts investor 

confidence, potentially lowering debt servicing 

costs and making it easier to refinance existing 

debt. Lastly, strong economic growth creates an 

opportune environment for implementing fiscal 

consolidation, which enhances the efficiency and 

effectiveness of government spending and 

revenue generation. Fiscal consolidation can 

strengthen fiscal health and reduce public debt. 

Looking back on history, public debt has 

continuously risen following the occurrence of 

economic crises. In the last 60 years, at least four 

major global economic recessions have led to 

global debt soaring (Kose & Ohnsorge, 2020). In 

the domestic context, the economic turmoil in 

1997-1998 resulted in mounting public debt in 

Indonesia. With the recent global COVID-led 

recession, governments worldwide responded to 

the recession caused by the health crisis by 

offering massive fiscal support. Since tax 

revenues declined during the recession, govern-

ments have had to borrow to finance the 

measures enacted to fight against the pandemic. 

Globally, public debt has surged to an 

unprecedented level (Kose et al., 2022). 

As a countercyclical policy measure, public 

debt is not exclusively exogenous, nor merely a 

government decision isolated from the dynamics 

of the macroeconomic environment. Govern-

ments run budget deficits (by reducing revenue 

or increasing spending, or both) to serve as a 

countercyclical instrument to absorb shocks, 

accelerate economic recovery, and support sound 

economic growth in the aftermath of a crisis 

(Baldacci et al., 2009; Doraisami, 2011). 

The rising public debt has evolved to be a 

threat to global financial stability, and in 

developing countries, over-indebtedness raises 

concerns about their ability to repay, and 

increases the possible default risk. Further, over-

indebtedness is burdensome and compromises 

the countries' long-term development agendas. 

Therefore, remedies to avoid over-indebtedness 

should be discussed and thoroughly explored. 

One of which is supporting economic growth to 

reduce governments' indebtedness (Saungweme 

& Odhiambo, 2019). However, there is still a 

lack of discussion that can answer the critical 

question of whether public debt is caused by 

poor economic performance, or, on the other 

hand, does high economic growth reduce a 

country’s indebtedness? More precisely, the 

question is, which level of economic growth will 

lead to public debt accumulation’s reduction? 

A large body of work revolves around the 

impact of public debt on growth. The observa-

tions mainly focus on the one-way relationship 

of debt's effect on economic growth. Since the 

massive financial crisis of 2007-2008, some 

notable academic studies have investigated 

public debt's impact on economic growth. The 

seminal paper by Reinhart and Rogoff (2010) 

finds a notable inference that countries with high 

debt-to-GDP levels are associated with lower 

economic growth. The subsequent studies also 

confirm the findings of Reinhart and Rogoff 

(2010) by uncovering the negative impact of 

high debt on long-run growth (Afonso & Jalles, 

2013; Karadam, 2018; Mencinger et al., 2014; 
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Swamy, 2020). Incremental public debt is 

related to the growth in the decline of real per 

capita income (Kumar & Woo, 2010). 

Many studies observe the nonlinear 

relationship between public debt and growth, 

and find that the threshold level of public debt 

impacts economic growth. The literature 

suggests there is disagreement about the 

common threshold level, as existing studies find 

different threshold values. A study by Égert 

(2015) estimates that the tipping point, at which 

government debt begins to affect growth 

negatively, is around 20%-60%. However, much 

research finds the negative impact of debt on 

growth, with the threshold level being around 

90% (Baum et al., 2013; Brida et al., 2017; 

Checherita-Westphal & Rother, 2012; Ghosh et 

al., 2013) and other studies suggest the threshold 

is over 100%, such as the studies conducted by 

Karadam (2018), Caner et al. (2021), and 

Swamy (2020). 

One of the criticisms of a study by Reinhart 

and Rogoff (2010) is the possibility of reverse 

causality between debt and growth (Bell et al., 

2015; Özmen & Mutascu, 2023). However, 

studies to observe the impact of economic 

growth on debt have mainly concentrated on 

delving into the bidirectional relationship 

between public debt and economic growth, such 

as empirical studies conducted by Panizza and 

Presbitero (2014), Gómez-Puig and Sosvilla-

Rivero (2015), Di Sanzo and Bella (2015), 

Donayre and Taivan (2017), and De Vita et al. 

(2018). To the best of our knowledge, the 

investigation of the pattern of the causal nexus 

of economic growth on public debt is extremely 

rare, including exploration to find its threshold 

level. Due to concerns over debt distress, which 

many economies face, policies relevant to 

exploring the channels that would work best to 

lower government debt, one of which is the 

economic growth channel, need to be found. 

Accordingly, estimating the growth level which 

supports a debt-reducing strategy is necessary. 

  

Figure 1. Debt Accumulation as Economic Growth Varies: 62 Countries represent High-, Middle-, 

and Low-Income Economies, 1970 – 2015. 

 

Source: Processed from the World Bank Data 
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The figure above summarizes the average 

debt accumulation across varying levels of 

economic growth for 62 selected countries 

comprising high-, middle-, and low-income 

countries from 1970 to 2015. The pattern of the 

link between debt accumulation and economic 

growth has an apparent structural break over 

different levels of economic growth. The 

average debt accumulation from negative to 9% 

of growth has a relatively similar pattern, until 

the growth reaches over 9% when the average 

debt accumulation falls. The pattern strongly 

indicates the non-linear relationship between 

public debt and economic growth. Previous 

studies also confirmed that the non-linear 

causality estimation yielded a more precise 

result than the linear model (Di Sanzo & Bella, 

2015; Özmen & Mutascu, 2023). Thus, a non-

linear exercise to observe the relationship and 

gauge the threshold level, if any, is needed. 

Hence, in this paper, we try to contribute to 

filling the gap in the empirical literature by 

finding the causal relationship between econo-

mic growth and public debt, specifically the 

impact of growth on debt, by exploring the 

possibility of a non-linear relationship between 

them. The analysis is conducted to find the 

threshold estimator at which economic growth 

has varying magnitudes of impacts on govern-

ment debt. We consider the different develop-

ment levels by separating the analysis into two 

groups of countries based on their per capita 

incomes, a high-income economy group, and a 

low and middle-income economies group. As the 

COVID-led crisis has resulted in surging global 

debt and many countries are facing over-

indebtedness, this study is expected to serve as 

empirical evidence to support a pro-growth 

policy to reduce public debt.   

The estimation results show that economic 

growth negatively affects public debt; this is 

consistent with previous works by Murwirapa-

chena and Kapingura (2015) and Azolibe (2021), 

confirming the importance of economic 

expansion in reducing the debt-to-GDP ratio. 

However, when splitting the sample by the 

income level of the countries, we found that the 

nexus of economic growth and public debt is not 

linear, for both the high-income countries (HIC) 

and low- and middle-income countries (LMIC) 

groups. Two threshold estimators are found for 

HIC. An economic growth regime under the first 

threshold of 2.46% is not statistically significant 

for reducing debt accumulation, and a growth 

rate regime between 2.46% and 8.41% 

negatively affects the public debt. A growth rate 

above 8.41% is found to have a lesser magnitude 

of negative impact on debt. In the LMIC group, 

the threshold level of economic growth is 

11.61%. Any level of GDP growth below the 

threshold will contribute to lowering the 

accumulation of public debt. However, this 

effect will disappear when the economy grows 

above the threshold. Our empirical findings also 

affirm the negative impact of the exchange rate 

on debt, as well as the positive correlation 

between the population and public debt in both 

sample groups. In addition, we also found that 

the asymmetric impact of inflation on debt 

depends on the countries’ income levels. 

The paper is organized as follows. Section 2 

presents the theory and a literature review that 

discusses the relationship between economic 

growth and public debt. The datasets and 

analysis methods are in Section 3. Section 4 

shows the empirical estimates of the model and 

discusses the results, and Section 5 concludes 

the paper. The appendix contains the results of 

the formal statistical testing and the supporting 

estimation results of the threshold model. 

LITERATURE REVIEW 

Three approaches can justify the impact of 

public debt on economic growth (Ferreira, 2016; 
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Filippakis & Stamatopoulos, 2021). The 

Keynesian notion of debt-driven economic 

growth is the first theoretical foundation 

explaining the nexus between those two 

variables. Based on the concept of IS-LM, it is 

predicted that the presence of public debt will 

promote economic growth (Ewaida, 2017; 

Filippakis & Stamatopoulos, 2021). Elmendorf 

and Mankiw (1998) argued that, in the short run, 

when a government creates a budget deficit by 

reducing taxes, debt-financed public expenditure 

will raise the aggregate demand and create a 

multiplier effect on the national output. This 

argument holds since Keynes assumed that 

prices and wages are sticky in the short run.  

Secondly, the neoclassical school of thought 

posits that public debt will have a harmful effect 

on economic growth in the long run (Ferreira, 

2016). Public debt will lower the national output 

since it crowds out private investment 

(Elmendorf & Mankiw, 1998; Dombi & Dedák, 

2019). When a government applies a budget 

deficit policy, national savings will be reduced, 

and investment, domestic or abroad, will 

decrease. Thus, the decline in private investment 

will have a detrimental effect on economic 

growth. De Vita et al. (2018) summarizes that 

debt can negatively impact economic growth 

through uncertainty and long-term interest rates. 

Padoan et al. (2012) developed a framework 

to explain the debt and growth nexus which 

includes three equations. 

𝑌̇

𝑌
= 𝑎 − 𝑏 

𝐷

𝑌
 (1a) 

The first equation straightforwardly depicts the 

negative relationship between public debt (𝐷) 

and output (𝑌), where the dot over denotes the 

change in output. Parameter 𝑎 describes 

exogenous structural reforms. This equation can 

be expanded by considering the real interest rate 

𝑟 and the ratio of primary balance to GDP (𝑝). 

𝑌̇

𝑌
= 𝑎 − 𝑏 

𝐷

𝑌
− 𝑓𝑟 + 𝑔𝑝 (1b) 

This equation portrays the adverse impact of the 

interest rate on growth, and the fiscal deficit will 

induce growth. The second equation describes 

how the change in debt relates to the ratio of the 

primary balance to GDP and the interest rate.   

𝐷̇ = 𝑟𝐷 + 𝑝𝑌 (2a) 

Then, we divide both sides with 𝐷 to obtain  

𝐷̇

𝐷
= 𝑟 +

𝑝

𝐷/𝑌
 (2b) 

The last equation assumes that the interest rate is 

influenced by the growth of the debt-to-GDP 

ratio and exogenous factor ℎ, such as the long-

term interest rate and a change in market 

sentiment. 

𝑟 = ℎ + 𝑐 (
𝐷̇

𝐷
−

𝑌̇

𝑌
) (3) 

To sum up, these three equations explain a 

possible loop relationship between: (a) the debt 

ratio and economic growth; (b) the debt ratio and 

the interest rate; and (c) economic growth and 

interest rates. 

The third view on the relationship between 

public debt and economic growth is the 

Ricardian equivalence hypothesis (REH) 

(Hilton, 2021). This hypothesis claims that 

public debt has a neutral effect on the level of 

economic growth (Afzal, 2012; Ferreira, 2016). 

When a government financed its deficit by 

issuing bonds, the households would receive 

additional income (Barro, 1990). However, 

looking at the intertemporal timeframe, 

households may hold back on their desired 

consumption because they believe that the 

government will raise taxes in the future to repay 

the debt. Hence, the level of aggregate demand 

in the economy will remain unchanged. 

After the global financial crisis in 2008, a 

vast amount of literature debating the 

relationship between public debt and economic 
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growth has emerged. The most widely known 

empirical work on the relationship between debt 

and economic growth is by Reinhart and Rogoff 

(2010). They found an inverted-U relationship 

between debt and economic growth. The 

optimum level of debt is about 90%; when the 

level of public debt is over this threshold, 

increasing the debt will decrease the level of 

economic growth (Cecchetti et al., 2010; 

Checherita-Westphal & Rother, 2012; Reinhart 

& Rogoff, 2010). Caner et al. (2021) 

investigated the impact of public and private 

debt on economic growth in 29 OECD countries. 

They also found a nonlinear relationship among 

the variables, with the threshold value for the 

public debt being around 53%-68%. When the 

ratios of public and private debt to GDP are 

combined, the combined threshold value of debt 

is approximately 220%. In addition, Eberhardt 

and Presbitero (2015) suggested that a negative 

relationship between debt and growth occurred 

in the long run, but they did not find a standard 

threshold across countries. 

On the other hand, Panizza and Presbitero 

(2014) investigated the causality between debt 

and growth in OECD countries. They confirmed 

that the negative relationship among the 

variables vanished when the heterogeneity 

problem was handled. This result does not 

suggest that every country can survive any level 

of debt. There will be a certain point when high 

debt levels are not good for the economy. 

However, the debt-growth correlation cannot be 

used as the justification for fiscal consolidation. 

More recent works have explored the 

possible causality of economic growth to public 

debt, or the bidirectional causality between them 

(Bell et al., 2015; De Vita et al., 2018; Reinhart 

et al., 2012). When the economy faces a low 

level of growth, the revenue from tax is not 

sufficient to cover the government’s spending. 

Therefore, the government can finance the 

budget by increasing the debt.  

Previous works suggested that the correla-

tion between economic growth and debt is 

related to country-specific characteristics 

(Gómez-Puig & Sosvilla-Rivero, 2015; Donayre 

& Taivan, 2017). For the case of EU countries, 

Donayre and Taivan (2017) found that in 

capitalist countries, low levels of GDP growth 

will induce higher levels in the debt-to-GDP 

ratio. While for socialist countries, the causality 

test revealed that low economic growth causes 

debt accumulation, or there is bidirectional 

causality between them. Using multivariate 

analysis, Saungweme and Odhiambo (2019) 

described a unidirectional relationship between 

real GDP growth and public debt in the short and 

long run. When the loan is directed for the 

expansion and diversification of the economy, it 

can enhance the country’s ability to repay its 

debt.  

An empirical study by Ferreira (2016) has 

shown the causality of economic growth and the 

three types of debt (public, private, and foreign 

debt) in EU member countries. In the short run, 

bidirectional causality exists between GDP 

growth and public debt. The coefficient of 

causality between economic growth and public 

debt is negative and statistically significant, both 

before and after the global financial crisis. The 

study also indicates positive causality between 

economic growth and private debt. Regarding 

the foreign debt, the estimation shows bidirec-

tional causality between these variables, yet the 

coefficient is not statistically significant. Jacobs 

et al. (2020) also found negative causality from a 

shock in economic growth to public debt through 

long-term real interest rate channels. 

The existing literature suggests the mecha-

nism through which economic growth affects the 

public debt. Higher economic growth is 

supposed to reduce government debt through 

various transmission channels. Economic growth 
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due to higher levels of economic activity 

increases tax revenues; businesses expand and 

individuals earn more income, tax revenues 

increase, which can be used to fund government 

expenditures (including debt repayment), 

reducing the overall public debt burden or vice 

versa (Bell et al., 2015; De Vita et al., 2018; Di 

Sanzo & Bella, 2015; Irons & Bivens, 2010). 

Further, economic growth can reduce govern-

ment spending on social expenditures, as 

economic growth incites lower employment and 

reduces poverty. Economic growth promotes 

public debt sustainability and erodes the debt 

burden. Robust growth boosts investor 

confidence, potentially lowering debt servicing 

costs and making it easier to refinance existing 

debt. Lastly, strong economic growth creates an 

opportune environment for implementing fiscal 

consolidation, which enhances government 

spending and revenue generation efficiency and 

effectiveness (Hagemann, 2012). Lastly, fiscal 

consolidation can strengthen fiscal health and 

reduce public debt. 

To summarize, most of the empirical studies 

into the relationship between debt and economic 

growth during the last decade, from all over the 

globe, which have covered almost all countries 

and economic groups, found a negative relation-

ship between both the macroeconomic variables 

and a nonlinear relationship, by finding its 

threshold estimators. However, the threshold 

level varies among the studies. Furthermore, 

even though there are studies that have observed 

the impact of economic growth on debt, the 

statistical causality has only proven the direction 

of the causality. However, these studies have yet 

to investigate the nonlinearity effect of economic 

growth on debt, or find the threshold level at 

which the level of growth has varying impacts 

on public debt. 

METHOD, DATA, AND ANALYSIS 

1. Data 

To examine the effect of economic growth on 

public debt, this study used panel data from 62 

countries that covered low-income, middle-

income, and high-income countries from 1970 to 

2015, on an annual basis. In the empirical work, 

the sample countries were classified into two 

groups; high-income countries (HIC) and low- 

and middle-income countries (LMIC) based on 

their income classifications from the World 

Bank. During the observation period, some low-

income countries succeeded in raising their 

income status, and we argue that there were 

similar institutional aspects for both groups; 

thus, we grouped them into one category, low- 

and middle-income countries (LMIC). This 

paper considered public debt as the dependent 

variable and economic growth as the threshold 

variable. The control variables were the inflation 

rate, exchange rate and population. Table 1 

shows the detailed variables. 

2. Empirical Model 

This part discusses the model to observe the 

long-run causal relationship economic growth 

has on public debt, followed by the models used 

to explore the linearity of growth’s impact on 

debt among high-income countries and low- and 

middle-income countries. 

Table 1. List of Variables 

Variables Description Source 

Debt (D) Public debt accumulation in U.S dollar IMF 

Growth (G) GDP growth in percentage (%) World Bank 

Population (Pop) Total population in millions World Bank 

Exchange Rate (ER) Domestic currency per U.S dollar IMF 

Inflation (INF) Consumer Price Index (%) IMF 
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2.1. OLS Panel Regression 

In the first step, the analysis focused on 

observing the structural relationship between 

growth and debt. We employed standard OLS 

panel regression with all the observed countries’ 

data. The model’s specifications were as below: 

𝐷𝑖𝑡 =  𝛽0 +  𝛽1𝐿. 𝐸𝑅𝑖𝑡 + 𝛽2𝐿. 𝐼𝑁𝐹𝑖𝑡 +

𝛽3𝑃𝑜𝑝𝑖𝑡 + 𝛽4𝐿. 𝐺𝑖𝑡 + 𝑢𝑖 (4) 

Where 𝐷𝑖𝑡 represented the public debt of 

country i at time t, 𝑃𝑜𝑝𝑖𝑡 was the population, 

𝐸𝑅𝑖𝑡 was the exchange rate, 𝛽3𝐼𝑁𝐹𝑖𝑡 was the 

inflation rate, and 𝐺𝑖𝑡 denoted economic growth. 

𝛽4 was the interest parameter, denoting the long-

run structural impact of economic growth on 

public debt. L was the lag operator used to 

address the endogeneity problem, as the 

empirical finding suggested the bidirectional 

causality relationship between the independent 

variables (except population) and public debt, 

such as had been suggested by prior empirical 

studies (Bittencourt, 2015; De Vita et al., 2018; 

Donayre & Taivan, 2017). 

2.2 Fixed-Effect Panel Threshold Model 

As suggested by Rahman et al. (2019) and de 

Soyres et al. (2022), income classification can 

affect the causal nexus of economic growth and 

debt. Hence, further analysis concentrated on 

observing the possibility of an asymmetric effect 

of economic growth on public debt, based on the 

different levels of income. By applying the panel 

threshold model by Hansen (1999), we could 

explore the possibility of a nonlinearity relation-

ship and address the heterogeneity problem that 

arises from a standard panel data regression. The 

threshold model captures the idiosyncratic 

features of each individual country and the 

variation in the structural relationship by its 

ability to estimate the structural break of the 

relationship between variables. The structural 

break estimation could inform us of the 

threshold level of economic growth for the debt 

relationship. The development of the model is 

explained below.  

The general model for fixed-effect panel 

single threshold models was as follows: 

𝑦𝑖𝑡 =  𝜇 + 𝑋𝑖𝑡(𝑞𝑖𝑡 <  𝛾)𝛽1 + 𝑋𝑖𝑡(𝑞𝑖𝑡 ≥

 𝛾) 𝛽2 + 𝑢𝑖 + 𝑒𝑖𝑡  (5) 

Where 𝑦𝑖𝑡 represented the dependent variables of 

country i at time t, 𝑢𝑖 reflected the country-

specific fixed effects, 𝑞𝑖𝑡 was the threshold 

variable, and 𝛾 was the threshold parameter that 

separated the equations into two equation 

regimes, with 𝛽1 and 𝛽2 being the coefficients. 

We could also remodel Equation (5) into: 

𝑦𝑖𝑡 =  𝜇 + 𝑋𝑖𝑡(𝑞𝑖𝑡 , 𝛾)𝛽 + 𝑢𝑖 + 𝑒𝑖𝑡 (6) 

Where 

𝑋𝑖𝑡(𝑞𝑖𝑡 , 𝛾) = {𝑋𝑖𝑡𝐼(𝑞𝑖𝑡 <  𝛾)𝑋𝑖𝑡𝐼(𝑞𝑖𝑡 ≥  𝛾) (7) 

With the OLS estimator of 𝛽 at a given value of 

𝛾 being: 

𝛽̂ = {𝑋∗(𝛾)′𝑋∗(𝛾)}−1{𝑋∗(𝛾)′𝑦∗} (8) 

Where 𝑋∗ and 𝑦∗ were within-group deviations. 

𝛾’s estimator was the value that minimized the 

residual sum of squares (RSS), that is: 

𝛾̂ =  𝑎𝑟𝑔 𝑚𝑖𝑛𝑆1(𝛾) 𝛾  (9) 

For 𝛾being unknown, the 𝛾 estimator’s 

distribution was nonstandard. Hansen (1999) 

proved that 𝛾̂ is a consistent estimator for 𝛾 and 

it has been argued that the best approach to 

check 𝛾 = 𝛾0 is to construct a confidence interval 

with the “no-rejection region” method with a 

likelihood-ratio (LR) statistic, as below: 

𝐿𝑅1(𝛾) =  
{ 𝐿𝑅1(𝛾) − 𝐿𝑅1(𝛾̂)}

𝜎̂2 𝑃𝑟 →   𝜉 

𝑃𝑟 𝑃𝑟(𝑥 <  𝜉) = (1 − 𝑒
−𝑥

2 )2 (10) 

Following Wang (2015), at a certain level of 

significance, 𝛼, the lower (less than 𝛼 quantile) 

and upper (more than 𝛼 quantile) limits relate to 
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the maximum and minimum values of the LR 

series respectively. The 𝛼 quantile can be 

estimated as follows: 

𝑐(𝛼) = −2𝑙𝑜𝑔 (1 − √1 − 𝛼)  (11) 

The presence of the threshold effect can be 

tested by examining whether the coefficient in 

each regime is significantly the same or 

different. With the hypotheses’ construction as 

follows: 

𝐻0 ∶  𝛽1 =  𝛽1 

𝐻𝑎 ∶  𝛽1 ≠  𝛽1 (12) 

With F-statistics being defined as: 

𝐹1 =
(𝑆0−𝑆1)

𝜎̂2  (13) 

Where 𝑆0 was the linear model’s RSS, since the 

threshold (𝛾) was unobserved under 𝐻0, the 

significance of the threshold effect test used a 

bootstrap on critical values of the F statistic. The 

bootstrap design and threshold model with more 

than one threshold followed Wang and Lin 

(2010). 

Applying the fixed-effect panel threshold 

model, we constructed our empirical threshold 

model as follows: 

𝐷𝑖𝑡 =  𝛽0 + 𝛽1𝐸𝑅𝑖𝑡−1 + 𝛽2𝐼𝑁𝐹𝑖𝑡−1 + 𝛽3𝑃𝑜𝑝𝑖𝑡  

+𝛽4𝐺𝑖𝑡−1𝐷(𝐺𝑖𝑡−1 ≤ 𝛾1) + ⋯ 

+𝛽𝑘𝐺𝑖𝑡−1𝐷(𝐺𝑖𝑡−1 > 𝛾𝑘) + 𝑢𝑖 + 𝑒𝑖𝑡  (14) 

Where 𝐷𝑖𝑡 was public debt, 𝑃𝑜𝑝𝑖𝑡 was 

population, 𝐸𝑅𝑖𝑡−1 was lagged exchange rate, 

𝛽3𝐼𝑁𝐹𝑖𝑡−1 was lagged inflation rate, and 𝐺𝑖𝑡−1 

denoted lagged economic growth for both the 

regime dependent regress or and the threshold 

variable. We applied two separate data sets, for 

high-income countries and low- and middle-

income countries. The first step was to fit the 

model with a single threshold estimation, and if 

the single threshold estimator proved significant, 

we moved to the higher order. We trimmed the 

threshold variable, G, by 5% on both sides and 

set the bootstrap to bs(300) and used grip(400) 

for computational efficiency. 

RESULT AND DISCUSSION 

The first analysis was from the output estima-

tions of OLS panel regression from Equation (4) 

which is presented in Table 2. The model was 

specifically built to analyze the long run 

economic growth effect on public debt. Based on 

the statistical tests conducted, the best model to 

select was the fixed-effect model. Thus, the 

analysis has been based on the results from 

column (6) in Table 2. The results of the tests to 

select the best panel model are in the appendix. 

The estimation results showed that, on 

average, economic growth reduced public debt 

in the long run. The higher economic growth 

generated more government revenue from taxes 

and non-taxes, since economic activities were 

expanded. Economic growth also induced 

personal and firm income and asset 

accumulation, subject to tax duty. This finding 

supported the previous observation by Bell et al. 

(2015), De Vita et al. (2018), Di Sanzo & Bella 

(2015) and Irons & Bivens (2010). Further, 

higher economic growth would create greater 

employment and accelerate poverty reduction, 

alleviating the government spending burden on 

its social protection programs. Incremental 

government revenue from taxes and non-taxes, 

and a reduced government expenditure burden 

would increase fiscal space and encourage 

governments to curb their propensity to finance 

government programs with loans. This finding 

also affirmed the previous empirical work, 

which found the causal relationship between 

economic growth and public debt, such as the 

study by Dritsaki (2013), Panizza and Presbitero 

(2014), Gómez-Puig and Sosvilla-Rivero (2015), 

Bittencourt (2015), Ferreira (2016), De Vita et 

al. (2018) and Özmen and Mutascu (2023). 
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Table 2. Panel Regression Model Estimates: High, Middle, and Low-Income Countries 

Public Debt 
Pooled OLS Random Effect Fixed Effect 

Coefficient Std. Err. Coefficient Std. Err. Coefficient Std. Err. 

(1) (2) (3) (4) (5) (6) (7) 

Exchange Rate -0.0269157** 0.0078774 -0.0230981 0.014191 - 0.0356* 0.0147746 

Inflation -0.0001215** 0.0000425 0.0000218* 0.0000105 0.0000271* 0.0000102 

Population 0.9882011** 0.0182874 1.979914** 0.1494129 2.30915** 0.2188318 

Economic Growth -0.066939** 0.0080433 -0.024747** 0.0060185 -0.02278** 0.0059604 

Constant 8.209439** 0.3021105 -8.449761 2.470237 -13.8721** 3.618681 

Adjusted R2 0.5112 0.4992 0.4987 

Probability > F 0.0000 0.0000 0.0000 

Note: * p<0.05, ** p<0.01 

Previous studies suggested there is a positive 

relationship between the exchange rate and debt. 

This means that depreciation leads to a higher 

level of external debt, especially when the level 

of depreciation is large and the debt is denomi-

nated in a foreign currency (Alam & Taib, 2013; 

Fisera et al., 2021). However, in our work, the 

exchange rate was empirically found to have a 

significant negative relation to public debt. 

When the exchange rate depreciated by a small 

proportion, it led to cheaper or more competitive 

domestic products. If the volume effect of 

depreciation, i.e. the improvement in exports, 

was sufficient to offset the negative impact of 

rising import prices; the government would 

collect more revenue from export duty and could 

increase its fiscal capacity and reduce its 

dependency on external debt (Fisera et al., 2021; 

Greenidge et al., 2010).  

Inflation's effect on public debt was found to 

be statistically significant. The literature offers a 

range of findings on the impact of inflation on 

public debt. There is no common agreement on 

the direction of the relationship between 

inflation and public debt (Aimola & Odhiambo, 

2021). Inflation affects public debt through 

channels such as inflation, which can sway the 

real value of debt and interest rates, influence the 

debt burden, the expectations and confidence of 

investors, and the perception of fiscal credibility. 

Furthermore, the result also showed the positive 

and significant impact of population and public 

debt growth. A larger population leads to higher 

pressure on the public budget. High-population 

countries need to borrow to finance their welfare 

and social needs, since their domestic endow-

ment may not be adequate to fulfill them 

(Azolibe, 2021). 

Hereinafter, further analysis was conducted 

to observe the pattern of the causal relationship 

between economic growth and public debt. The 

fixed-effect panel threshold model from Equa-

tion (14) was exercised. The exercise was 

conducted on a separate dataset to disentangle 

the analysis based on the income level. The first 

data set included18high-income countries and 

the other covers 44 low- and middle-income 

countries. The initial exercise was done to test 

for the single threshold effect. If the result was 

significant, we would proceed to test for the 

higher order threshold effect. Table 3 exhibits 

the results of the regression estimations for high-

income countries, and Table 4 shows the regres-

sion estimation results for low- and middle-

income countries. The estimated results of the 

threshold estimators for high-income, and low- 

and middle-income countries, and the threshold 

effect models for both groups, are provided in 

the appendix.  
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From the threshold model estimation of 

Equation (14), we found the presence of double 

threshold values for the impact magnitude of 

economic growth on public debt in high-income 

economies. The first threshold was estimated at 

2.4578%, and the second one was at 8.4135%, 

with a 95% confidence interval for both 

thresholds. The F-statistic values for both 

thresholds are significant, with a 5% confidence 

level. These results express that in high-income 

economies, there are two structural breaks in the 

relationship pattern of economic growth's impact 

on public debt. 

The results of the fixed-effect panel 

threshold regression model with two threshold 

estimators are shown in Table 3. In high-income 

countries, economic growth did not significantly 

affect public debt when the economy grew at a 

rate below 2.4578%, or under the first threshold. 

When the economic growth rate was between the 

first and the second threshold (2.458% - 

8.4135%), the economic growth significantly 

reduced public debt at the rate of 0.079%. When 

output grew at a rate above 8.414%, economic 

growth lost its strength to reduce public debt at a 

level of 0.037%. This finding confirmed the 

nonlinear relationship between economic growth 

and public debt. The impact of economic growth 

in high-income economies on debt depended on 

its rate. At a low growth rate (relative to the first 

threshold), output growth had no impact on 

public debt; however, at very high growth rates 

(relative to the second/highest threshold), the 

magnitude of the impact of economic growth on 

reducing public debt also decreased. 

A further exercise was conducted for low- 

and middle-income economies. The first estima-

tion was conducted for the single threshold. The 

threshold estimator was at 11.613% with a 95% 

confidence interval, and the F-statistic was 

significant with a 5% confidence level. 

Therefore, we accepted the nonlinear model by 

accepting Ha and conducted an exercise for a 

double threshold model. The second threshold 

estimator was found to be insignificant, with a 

95% confidence interval. Therefore, we accepted 

H0 as the single threshold model. The deter-

mined single threshold was found at the level of 

11.613%, and broke the relationship pattern line 

into two. 

 

Table 3. Double Threshold Regression Estimates: High-Income Countries 

Debt Coef. Std.Err. t P>t [95%Conf. Interval] 

Exchange rate -0.062 0.015 -4.11 0.000 -0.092 -0.032 

Inflation -0.055 0.005 -10.96 0.000 -0.065 -0.045 

Population 3.094 0.177 17.44 0.000 2.745 3.442 

Economic Growth 

Git-1 ≤ 2.458% 0.004 0.017 -0.28 0.780 -0.039 0.028 

2.458% < Git-

1< 8.414% 

-0.079 0.010 -8.02 0.000 -0.099 -0.059 

Git-1 ≥ 8.414% -0.037 0.011 -3.48 0.001 -0.058 -0.016 

_cons  -24.986 2.996 -8.34 0.000 -30.877 -19.095 

       

sigma_u sigma_u 

sigma_e sigma_e 

rho      0.973 (fraction of variance due to u_i) 

F test that all u_i=0: F(8, 390) = 47.84                     Prob> F = 0.0000 
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Table 4. Single Threshold Regression Estimates: Low- and Middle-Income Countries 

Debt  Coef. Std.Err. t P>t [95% Conf. Interval] 

Exchange rate -0.027 0.007 -4.09 0.000 -0.039 -0.014 

Inflation 0.000 0.000 1.26 0.209 -0.000 0.000 

Population 1.929 0.102 18.84 0.000 1.728 2.129 

Economic Growth 

Git-1 ≤ 11.613 -0.035 0.006 -6.21 0.000 -0.046 -0.024 

Git-1> 11.613 0.002 0.008 0.28 0.779 -0.013 0.017 

_cons  -8.029 1.665 -4.82 0.000 -11.298 -4.76 

       

sigma_u sigma_u 

sigma_e 0.637 

rho      0.912 (fraction of variance due to u_i)  

F test that all u_i = 0: F(15, 699) = 120.75                   Prob> F = 0.0000 

Table 4 shows the results of a fixed-effect 

panel threshold regression model with a single 

threshold estimator in low- and middle-income 

countries. The result implied that an incremental 

unit of economic growth significantly reduced 

public debt by 0.035%, at a growth regime 

below the threshold level of 11.613%. Above the 

threshold, economic growth had no significant 

effect on public debt. This finding also 

suggested that there was still more room in low- 

and middle-income countries to boost economic 

growth to the level that would still support debt 

reduction. 

The estimation output from tables 3 and 4 

shows the asymmetric impact of economic 

growth on public debt with two aspects, in the 

groups of high-income and low- and middle-

income countries. The first asymmetry was 

found from its magnitude level. The economic 

growth’s impact on public debt was more potent 

in high-income economies than in low- and 

middle-income economies. Furthermore, the 

second asymmetry showed the direction or 

pattern of the impact. In high-income countries, 

economic growth had a significant and negative 

impact on public debt only when economic 

growth was relatively high (above the threshold 

value of 2.4578%). However, the strength was 

less, and there was no ceiling rate for economic 

growth to reduce public debt. Meanwhile, in 

low- and middle-income countries, economic 

growth had a significant and negative impact on 

the public debt until it reached the ceiling rate at 

the threshold level; then, economic growth had 

no significant impact on the debt. 

This asymmetry was suggested to lie in 

several factors. Public sector spending would 

increase faster in response to the economic 

activity’s growth in high-income economies. 

Meanwhile, this condition does not prevail in 

developing countries. The higher share of public 

spending to gross domestic product (GDP) also 

annunciated the bigger drive to maintain econo-

mic growth by increasing government expen-

diture. It was  also suggested that the public 

expenditure target, set by the government, would 

be encouraged by the intention of stabilizing 

debt accumulation, a motivation that can be 

assumed to be greater in developing countries 

than in developed countries, which were 

characterized by the lower and higher debt to 

GDP ratios respectively. 

The fixed-effect panel threshold regression 

model's estimated results showed that the 

exchange rate negatively impacted public debt in 

both high-income and low-and middle-income 

economies. However, the magnitude of the 

exchange rate’s impact on public debt was 
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higher in high-income economies than in low-

and middle-income economies. The fact that 

high-income economies have greater central 

bank independence maybe the factor that 

amplifies the impact of exchange rate deprecia-

tion on reducing the debt, since they will be 

more competent in managing expectations and 

keeping interest rates at a lower level (Fisera et 

al., 2021). This result was consistent with the 

OLS panel regression estimation.  

Further, mixed results were found on the 

impact of inflation on public debt in both groups. 

Inflation in high-income countries caused public 

debt to subside. Meanwhile, in middle-income 

countries, inflation pressured public debt to rise. 

According to Sinha et al. (2011) and Bittencourt 

(2015), the existence of low interest rates, or 

interest rate controls in high-income countries, 

can explain the negative effect of inflation on 

public debt. Conversely, middle-income coun-

tries tend to have high and volatile interest rates, 

which would generate higher debt ratios in the 

economy. 

Lastly, the synchronous direction was also 

found in the effect of the population on debt; the 

population in both countries' groups positively 

affected public debt. The large population in 

developing countries forces their governments to 

spend more on infrastructure, raising the budget 

deficit (Bittencourt, 2015). In developed coun-

tries, a large aging population causes an increase 

in the budget allocation for pension funds, health 

insurance, and other social security expenditures 

(Imrohoroglu & Sudo, 2011). 

CONCLUSION AND SUGGESTION 

Following the recent mounting global public 

debt, the relevant discussion on how countries 

around the world overcome over-indebtedness 

should be explored. This paper provides empiri-

cal evidence of the negative impact of economic 

growth on public debt accumulation. We employ 

a fixed-effect panel threshold model for 62 

countries to find the nonlinear nexus between 

economic growth and the accumulation of public 

debt.  

The economic growth rate negatively affects 

public debt accumulation. However, the magni-

tude is asymmetric. In high-income countries, 

the impact of economic growth on debt differs 

along the growth path. We found two threshold 

levels; the first threshold is at 2.46%, and the 

second is at 8.41%. With economic growth 

below the first threshold, we discover that 

economic growth has no significant impact on 

debt accumulation. Economic growth starts to 

have a negative impact on debt when the 

economy grows above 2.46%. The power of the 

impact subsides when the growth reaches a level 

above the second threshold.  

The investigation of low- and middle-income 

economies found that there is a single threshold 

estimator of economic growth’s impact on 

government debt accumulation. The estimated 

threshold level is at 11.61%. Economic growth 

below the threshold level is proven to signifi-

cantly and negatively affect debt. However, 

economic growth above the threshold diminishes 

the significance of the impact. 

These findings reiterate the role of sound 

economic growth in supporting governments to 

reduce debt and keep their debt sustainable. 

Governments should manage economic growth, 

to achieve economic growth levels that could 

bring down indebtedness. Since the threshold 

estimator is relatively high, developing countries 

still have room for improvement to achieve 

higher economic growth, which could reduce 

public debt. Thus, maintaining pro-growth 

policies is suggested, and we encourage such 

governments to implement fiscal consolidations, 

or structural fiscal reforms, during high-growth 

periods to promote efficient expenditure and 

effective tax collection, which improve fiscal 
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credibility and capability, and act as a shock 

absorber to maintain macroeconomic stability. 
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APPENDIX 

 

Appendix 1: The Results of Statistical Test for Model Selection 

Test Models to select Prob> F, chi2  Selected Model 

Chow Test CEM vs FEM     0.0000     FEM 

Hausman Test  REM vs FEM     0.0000     FEM 

BP LM Test CEM vs REM     0.0000     REM 

Note:  FEM= Fixed Effect Model, REM= Random Effect Model, CEM=Common Effect Model. FEM is selected 

based the results of Chow and Hausman Tests.  

 

Appendix 2: Threshold Estimator: High-Income Countries 

Model  Threshold Lower Upper 

Th-1  2.973 1.968 2.982 

Th-21  2.458 0.607 2.490 

Th-22  8.414 8.054 8.466 

Threshold effect test (bootstrap = 300 300) 

 

Appendix 3: Threshold Effect in Double Threshold Model Estimates: High-Income Countries 

Threshold  RSS MSE Fstat Prob Crit10 Crit5 Crit1 

Single  76.494 0.212 12.330 0.117 12.873 14.966 18.462 

Double  74.070 0.206 11.780 0.030 8.975 10.623 14.640 

 

Appendix 4: Threshold Estimator: Low- and Middle-Income Countries 

Model   Threshold  Lower  Upper 

Th-1     11.613    10.998    11.777 

Threshold effect test (bootstrap = 300) 

Appendix 5:  Threshold Effect in Single Threshold Model Estimates: Low- and Middle-Income 

Countries 

Threshold  RSS MSE Fstat Prob Crit10 Crit5 Crit1 

Single  282.966 0.419 15.060 0.007 10.250 12.228 14.961 

 


