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Abstract 

This essay surveys part of the empirical literature dealing with the non-linear relationship 

between debt and growth and thresholds effects. 

In recent years, particularly after the financial crisis, many researchers studied the possibility 

of a non-linear relationship and threshold effects in the debt-growth relation and their 

empirical work has identified various thresholds. 

We present and analyze the data, methodology, model, robustness checks and results of the 

papers studying the non-linear debt-growth nexus published over the years 2010 to 2015. 

Their researches are subject to a number of conceptual and methodological issues that are 

also analysed. The papers are presented following a way that is considered a logical 

sequence which is based on the separation of the research’s results among 4 improvised 

categories. The categories regard the existence of the non-linear relationship and the 

existence and level of thresholds. 

We start by setting a benchmark study for the debt-growth relationship, as relevant 

literature also does, which is unarguably the influential research of Reinhart and Rogoff 

(2010). Reinhart and Rogoff used descriptive statistics and argued that the relationship 

between debt and growth is non-linear with a particular threshold of 90% of debt-to-GDP 

ratio beyond which GDP growth is dramatically worsen. The 90% debt threshold has gained 

much attention in the academic press and policy debates calling it as a “tipping point”. But 

further revelations found faults with the descriptive analysis carried out by Reinhart-Rogoff. 

These faults are demonstrated in the work of Herndon et al. (2013). 

The first category regards the researches following Reinhart-Rogoff that confirmed the 

existence of the 90% debt threshold through formal econometric approaches. Three of these 

analyses that found to be popular in the literature were the analyses of Cecchetti, Mohanty 

and Zampolli (2012), Checherita-Westphal and Rother (2012) and Kumar and Woo (2010). 

Through different methodologies and various robustness checks these authors identified 

and formally established a robust negative non-linear relationship and popularized even 

more the 90% debt threshold. 

The second category comprehends the papers that decompose one element of the previous 

results. In this section the researchers ended up finding a robust negative non-linear link but 

with the debt-to-GDP thresholds lying elsewhere than the 90 percent level. Sulikova et al. 

(2015) found that relationship between the debt-to-GDP increase and GDP growth is 

determined by an inverted U-shaped curve with the peak at 64% debt-to-GDP ratio. The 

analysis of Caner, Grennes and Koehler-Geib (2010) also confirmed the negative non-linear 

relationship with a tipping point at 77% for the full sample of their data coverage.  Elmeskov 

and Sutherland (2012) suggest that there may exist two debt thresholds above which the 

impact on GDP growth becomes more important. The lower debt threshold is estimated at 

45 percent level and the higher at 66 percent level of GDP. 

The completely opposite perspective, of course, has been advanced by those who disputed 

the idea of an explicit debt threshold beyond which debt largely hurts growth, if any such a 
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threshold exists in the first place. In the third category there are papers raising serious 

concerns whereby nonlinear effects do exist weakening the case for a common debt-to-GDP 

threshold.  If nonlinearities exist, they probably are more complex and difficult to model 

than what has been initially assumed. We concentrated on the work of Égert (2013), 

Pescatori, Sandri and Simon (2014) and Eberhardt (2013).  

The main way of investigating the debt thresholds has been to look exclusively for threshold 

effects of public debt on growth when debt is above or below a certain public debt threshold 

level. But, why would we believe a priori that the effect of public debt on growth is 

characterized only be excessive levels of debt? There is theoretical evidence that the effect 

of debt on growth might depends on other factors. In this fourth section we will analyse 

Kourtellos, Stengos and Tan (2013,b) which found that the impact of debt on growth is 

determined by democracy.  
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1. Introduction 

 

1.1 An introduction to the main issue 

 

High public debt appears to be connected with lower economic growth. But, which exactly is 

the relationship between debt and growth? Is it nonlinear? If yes, where is the particular 

debt threshold above which future growth is impaired? These are excessively valuable policy 

questions given the important role of government debt in the macroeconomic environment 

in developed and emerging market economies. The more recent increase in public debt has 

given rise to questions as to whether it is starting to cross a level beyond which it may 

decreases economic growth. In this essay we present and analyze a part of the relevant 

literature which examined empirically whether a non-linear impact of debt on economic 

growth exists and where the thresholds lie. The dispute about the debt-growth relationship 

has been animated by an increasing set of empirical researchers which differentiate in 

several ways (datasets, econometric issues, methodology, and results). 

 

In the last years, the relevant literature in principal focused on emerging economies 

investigating the external debt levels besides sovereign debt. But it was soon after the 2008 

economic and financial crisis that made the researchers’ interest turn into developed 

economies and more specifically into the public debt-growth association in the member 

states of the euro area in the context of the sovereign debt crisis of the Eurozone. The 

reason for that was that before the global economic crisis public debt was not a serious and 

uncontrollable problem in developed countries; there where an abundance of liquidity on 

the markets, external financing opportunities at relative low prices, and indebted countries, 

with only a few exceptions, had much better credit ratings.  Moreover, until recently most of 

the empirical studies relied on linear estimation frameworks. Only lately the focus has been 

shifting to non-linear threshold analyses. Due to the public debt crisis a new wave of 

literature has been sparked raising new questions concerning the public debt economic 

growth relationship. 

 

Before proceeding, the definition of “public debt” in what follows must be interpreted. The 

majority of the papers refer to “public debt” as the gross government debt which captures 

the stock of outstanding government debt. Even though gross debt is not a good indicator of 

a government’s financial situation, we found only rare cases where the net debt is used. 

Gathering net debt data is challenging, and therefore the gross government debt data are 

preferred. Nevertheless, even gross debt data may be subject to measurement errors. The 

researchers analyzing the debt-growth nexus employ decompositions of debt which are 

either “general government debt” or “central government debt”. These measures seem to 

be easier to handle and more appropriate in order to extract policy implications. General 

government debt measures the consolidated debt of the general sector of government 

which includes the central government debt but also debt of the social security 

administrations and subnational governments. 
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As for its uses, government debt issuance can help smooth taxes when confronted with 

varying expenditures and by that smooth consumption through the lifetime of an individual 

currently alive but also across generations. On the presupposition that the future 

generations are going to be wealthier –as they are going to have more human capital and 

more productive technology- a shift of resources from future to current generations can 

increase society’s intertemporal welfare. Rising taxes in order to fund higher current 

consumption may be delayed by rising public debt, yet without necessarily jeopardizing 

growth. Public debt issuance is definitely encouraging when it is used to finance public 

investments (health, education, public defense, technology and R&D), where under specific 

prerequisites public debt can play a productive role. In this way, financial deepening and 

rising debt is appropriate. It could lead to improvements in economic activity. Countries 

would not be able to prosper if they could not borrow and GDP would be more volatile than 

beneficial. 

 

Indisputably, government debt increases do not always improve welfare. Before the 20th 

century, the rate of public debt accumulation had been, in general terms, sluggish and 

mainly noticed in war periods. But, during the last decades, public debt has been rising in 

greater rates, accompanying the increase of the government sector. For many industrial 

countries, the general government expenditures rose dramatically, during the 20th century. 

Parallel to this, governments have been borrowing in order to deal with business cycle 

fluctuations. Yet, while this should be a “healthy” reason for increasing debt levels, as it 

targets to boost economic activity and/or decrease unemployment, it is not always used in 

the way that is efficient for the economy. The noticeable government debt expansion in 

developed economies may be also attributed to the revenue pool problem: the individuals 

that make the most from additional spending are different from the ones that pay the extra 

cost of funding it. Furthermore, from political perspective, resorting to debt issuance is more 

desirable than raising taxes which generates discomfort to the society and political cost to 

the politicians.  

 

The financial and economic crisis prompted by the unwinding US subprime mortgage market 

resulted in deep economic recession in many countries of the world. Governments and 

central banks reacted to the Great Recession by firing heavy artillery: fiscal and monetary 

policy expansion, unprecedented in size and in the way they were co-ordinated across 

countries, were swiftly enacted in advanced and emerging markets, and banking sector 

bailouts prevented the collapse of the financial system. While these actions certainly helped 

smooth the cycle, discretionary fiscal loosening and banking sector bail-outs contributed to a 

large extent to a sharp increase in many countries’ public debt-to-GDP ratio. 

 

The sharp increase in public debt has led to doubts concerning the fiscal sustainability and 

the subsequent economic impact. Academic and policy debates began questioning the 

degree to which public debt is going to have harmful consequences on capital accumulation, 

as well as productivity, and decrease economic growth. 

 

Accumulating of debt may expose a country to danger. While debt levels increase, the 

country’s probability of not being able to repay –and default- increases for given shocks.  For 
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example a decline in economic activity or interest rates increase may hit the economy. And 

then, all of a sudden, a highly indebted country may be considered as uncreditworthy. 

Afterwards, consumption and investment drop. If the decrease is large, it might lead to 

defaults, deficient demand and unemployment. These bad outcomes are higher, the higher 

the level of debt. So, accumulating debt might result to higher GDP volatility, higher financial 

fragility and is possibly connected to reducing average economic growth. 

 

Higher debt loads might impact growth through more increased costs of capital or through 

higher distortionary taxes, inflation or larger volatility in policy. A higher cost of capital is 

likely to reduce the capital-to-labour ratio and hence productivity. Higher costs of capital 

affect the intensity of capital in production practically resulting in a level shift in potential 

output and as a consequence to growth rate effects over some finite period only. The impact 

on economic growth could me more durable to the degree that higher costs of capital result 

to fewer investment in research and development (literature expects that impacts of debt 

via R&D should be accrued through TFP). Tax increases that are necessary in order to service 

public debt decrease disposable income and saving and so reduce private investment. Rising 

public debt may also increase long-term rates significantly which in turn hurts productive 

public investment and equally importantly private investment by increasing the cost of 

capital. 

 

While literature broadly supports the view that the increasing public debt is harmful for 

economic growth (especially in the long-term), there are related issues that are rather 

controversial. On many further issues researchers have not reached a consensus.  

 

First of all, in the related literature, there is no consensus about the way of impact of public 

debt on the economic growth. There are many findings indicating that public debt can affect 

the economic growth either linear or nonlinear. Possibly this effect is non-linear in the sense 

that it becomes relevant only after a particular threshold has been reached. Empirical 

literature has discovered diverse thresholds in the debt-growth nexus.  

 

Second, though high levels of public debt are likely to have negative impact on growth, the 

negative correlation does not imply causation. The negative impact might run from the 

economic growth to the public debt as a decrease in the economic activity is accompanied 

by an increase in the public debt-to-GDP ratio. 

 

A final controversial element is whether the nonlinearities and thresholds are broadly the 

same in each country or whether they are country-specific. The standard empirical approach 

interprets non-linearities by adopting pooled models, thus imposing homogeneity across 

countries. But there is literature indicating that public debt affects growth in a different way 

across countries and time. There are many theoretical and empirical reasons for taking as 

granted that the debt thresholds and the debt-growth long-run relationship differentiate 

across countries. For example, debt may affect economic growth differently in low-income 

countries, because of less developed domestic financial markets, a different degree of 

openness and different institutions. More specifically, the production technology is different 

for every country, so if debt thresholds exist, it is reasonable to assume that debt starts 
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hurting an economy on different levels between countries that vary by their productivity. 

Second, the ability of an economy to sustain high levels of debt without hurting growth is 

determined by characteristics typical of any such economy as their macroeconomic and 

institutional environment and structural weaknesses. These are characteristics often 

unobserved or difficult to measure. Third, the composition of debt (short-term versus long-

term, foreign versus domestic debt etc), the manner that it has been accumulated and what 

it has financed also differentiate across countries and naturally affect the growth 

performance differently. Reinhart and Rogoff support for example that debts accumulated 

through war periods tend to be less detrimental for growth than debts accumulated in peace 

time. Consequently, the imposition of homogeneity across countries and time constitutes a 

weakness of this issue. 

 

 

1.2 A brief review of the theoretical literature on the debt-growth relationship  

 

We turn to a brief report of what theoretical analyses suggest. 

Dating back to the middle of the 20th century, three distinctive perspectives end up to 

different directions of the effect of debt on growth. The neoclassical school stated that as 

public debt increases it should have a negative impact on economic growth, while on the 

contrary the Keynesian economists’ view was that its effect is positive (during economic 

recession). The Ricardian equivalence proposition assumed the effect to be neutral or 

irrelevant. 

The first part of the theoretical-perspective analysis affects the existence of the negative link 

between public debt and growth. There are researchers that claim that the public debt to 

GDP ratio and economic growth relationship is probable characterized by a negative 

correlation. The simplest connection between debt and growth is the public debt theory 

developed by Robert Barro (1979). Under the assumption that taxes in the end need to 

increase to reach debt sustainability, the distortionary impact of this will possibly decrease 

potential output. Government spending may also be implemented which also produce 

contractionary effects.   

Elmendorf and Mankiw (1999) express various theoretical explanations which can support a 

negative long-run relationship between public debt and growth. In their “conventional view 

of public debt” government expenditures are assumed to be fixed. Researchers evaluate 

what happens if the taxes are temporarily reduced and the expenditures are then financed 

by issuing debt. The Ricardian Equivalence does not apply which means that public debt 

impact real variables. They argue that in the short-run output is demand-determined and 

fiscal deficits (or higher public debts) have a positive impact on disposable income, 

aggregate demand and overall output. This positive short-run effect of budget deficits (and 

higher debt) is probably large when the output is far from capacity. In the long-run however 

the relation becomes negative. Higher fiscal deficits will affect public savings negatively, and 

this loss will not be entirely counterbalanced by an increase in private savings. This results to 

the reduction of national savings, and then lower total investment, either domestically or 
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abroad. The lower domestic investment will have a negative effect on GDP, as it will lead to 

a smaller capital stock, higher interest rates, lower labor productivity and wages. Lower 

foreign investment will affect adversely the foreign capital income and thus lowers the 

country’s future GNP.  

According to Cochrane (2011a, 2011b) the negative effect of public debt could be much 

larger if high public debt increases uncertainty or leads to expectations of future 

confiscation, possibly through inflation and financial repression. To this extent, higher debt 

may have a negative impact on growth even in the short-run.     

Analyses based on standard overlapping generation models of growth, find that public debt 

reduces savings and capital accumulation through higher interest rates, leading to a decline 

in investments and thus weakening economic growth. In one of these researches, Modigliani 

(1961) refers to the debt burden, as the reduction in the aggregate stock of private capital, 

which will lead to a reduction in the flow of goods and services for future generations. Debt 

is a burden, because it crowds out capital. Diamond (1965) distinguish between external and 

internal debt. Beyond the debt burden effect of Modigliani (1961), he points out the 

reduction of the available lifetime consumption of the individuals from higher taxes required 

in order to finance the interest payments either of external or internal debt. Further, by 

reducing the disposable income of the individual, taxes reduce his savings and thus the 

capital stock. Internal debt produces one extra effect as it reduces capital stock emerging 

from the substitution of government debt for physical capital in individual portfolios. 

In endogenous growth models public debt has generally a negative effect on long-run 

growth (Barro, 1990, Saint-Paul 1992). According to Saint-Paul (1992), standard growth 

theory supports that a government debt expansion caused by a fiscal deficit ends up in a 

permanent growth decrease in the endogenous growth model. 

 

More recent standard endogenous growth models with variations also conclude to the 

existence of a negative relation between debt and growth. For example, Futagami et al. 

(2008) present an endogenous growth model with productive public spending and public 

debt where the government is not allowed to raise the debt to GDP ratio beyond a certain 

critical value. For that model, it turns out that the balanced growth rate is the higher the 

smaller the public debt to GDP ratio is.  

Greiner (2011) argues that the effect of debt on growth depends on the presence of 

rigidities in the economy. Greiner presents an endogenous growth model with no rigidities 

and elastic labour supply where ongoing growth results from positive externalities of private 

capital. In that model public debt and economic growth are negatively correlated, too. It 

must also be pointed out that it is not the standard crowding-out mechanism that generates 

this outcome because, as the debt ratio rises, the primary surplus rises, too, to guarantee 

sustainability. Consequently, for a fixed tax rate public spending declines, thus, preventing a 

crowding-out of private investment. Rather, the decline in the growth rate, as a 

consequence of higher public debt, is due to the fact that higher public debt leads to a lower 

shadow price of savings which reduces labour supply and investment. On the case where 

wage rigidities and unemployment exist, public debt does not affect the allocation of 

resources and may rather impact growth positively, if it is driven to productive investments. 
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The second part of our theoretical-perspective investigation concerns the existence of non-

linearity in the debt–growth nexus. 

  

Sutherland (1997) and Perotti (1999) pointed out the asymmetric effects of fiscal policy 

which could motivate a non-linear effect of public debt on output growth in advanced 

economies.  

 

Non-linearities and threshold effects might also appear if there is a critical value of fiscal 

sustainability: if debt is in elevated levels, it might destroy investment, because investors 

think that more taxes will be implemented to service the pre-existing debt (Krugman, 1988; 

Aguiar et al., 2009).  However, it is possible that this argument does not apply to advanced 

countries where the individuals that hold debt are mainly residents (and therefore there is 

not an external transfer problem). 

 

Alternatively, as debt levels rise with respect to GDP, creditors would ask for higher interest 

rates to compensate the risk of default and this effect would increase the cost of financing, 

constraining investment (Greenlaw et al., 2013).  

 

Checherita-Westphal, Hughes Hallett, and Rother (2012) develop a theoretical model in 

which, over the business cycle, debt can only be issued to finance public investment and the 

optimal level of public debt is determined by the public to private capital ratio that 

maximizes economic growth. With such a set-up, they show that the level of debt that 

maximizes economic growth is a function of the output elasticity of the capital stock. 

However, Greiner (2012) shows that the results of Checherita-Westphal, Hughes Hallett, and 

Rother (2012) are influenced by their supposition that the deficit equals public investment at 

each point in time. Greiner (2012) supports that in a framework like this, debt is totally 

irrelevant and the debt-growth non-linear relationship is determined by the growth-

maximizing tax rate.  

 

If a critical value beyond which government debt unexpectedly turns unsustainable exists, it 

might be a possible explanation for the existence of non-linearities (Ghosh, Kim, Mendoza, 

Ostry, and Qureshi, 2013, provide a formal model). Yet, literature does not provide a 

theoretical model where such a critical value is integrated in a growth framework. 

 

High debt levels might also set limits to the potential of a government to carry out 

countercyclical policies, which results to a more variable output and decrease economic 

activity. However, the relationship between debt and the ability of carrying out 

countercyclical policies is more likely to depend on the composition of public debt than on 

the level of public debt itself. This suggests that countries with different debt structures and 

monetary arrangements are likely to start facing problems at very different levels of debt. 

 

This essay follows the empirical literature dealing with the non-linear relationship between 

debt and growth and thresholds effects. We should note that most of these researches 
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before investigating whether non-linearities exist or not, first they try to establish the 

existence of a negative linear relationship between these two variables. Their exact 

sequence is followed and so the methodologies and the results of their linear specifications 

will also be presented. These will also be reported for comparison reasons to the 

parameters’ estimations from the non-linear impact of debt on growth.   

2. Model specification and methodological issues 

2.1 Growth Equation: The Impact of Debt on Growth 

The most usual method which is encountered in the literature in order to find the 

correlation between debt and growth is the estimation of alternative versions of the 

dynamic growth model: 

 

By including in growth regression (2.1) various terms connected with debt (e.g. dummy 

variables or quadratic terms) researchers try then to identify if there is a non-linear 

relationship between debt and growth. This empirical specification is derived from the 

neoclassical growth model of Solow, in which per capita income growth depends on the 

initial level of physical and human capital, converging to its steady state rate slowly over 

time. In turn, the steady state depends positively on the saving rate and negatively on the 

growth rate of the labor force, in addition to a number of parameters describing the 

technology and the preferences of the country.  

The dependent variable is GDP growth of a country i over period t-n and t. The independent 

variables include the initial level of GDP, the ratio of public debt over GDP, and a vector of 

explanatory variables X which differentiates across studies. According to different researches 

studying the determinants of long-run growth, the control variables included in X have been 

identified to be significantly and robustly correlated with long-term growth (e.g., Barro and 

Sala-i-Martin, 2004, Sala-i-Martin et al., 2004, Aghion and Durlauf, 2005 among others). 

Based on what the augmented Solow model implies, the rate of population growth, the ratio 

of investment-to-GDP and a measure of the stock of human capital are the most common 

explanatory variables included in the growth regression (Mankiew, Romer, and Weil, 1992). 

Here, it is also worth referring to the relevant study of Sala-i-Martin et al. (2004) on the 

robustness of 67 explanatory variables as growth determinants by employing 

comprehensive cross-country growth regressions. They ended up finding 18 explanatory 

variables to have high posterior inclusion probabilities. This means that each one of these 

variables has high marginal contribution to the explanatory power of the regression model, 

comparing to models that does not include them and so regarded as being significantly and 

robustly correlated with long-term growth. Not all of these 18 variables were economic 

variables. The economic variables were: the initial level of real per capita GDP, primary 

school enrollment, the initial government consumption share, trade openness, and the 

relative price of investment. The rest are regional variables (Africa, East Asia, Latin America), 

and variations of socio-political factors (including religious and ethnic variables). Most 
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studies analyzed below include in their growth regressions the main suggested robust 

economic variables with some differentiations. 

The initial level of per capita GDP is being used to capture the “catch-up-effect” or 

conditional convergence of the economy to its steady state. The growth regression (2.1) is 

considered a dynamic fixed-effects panel data model due to the inclusion of the log real GDP 

among the regressors. Thus, in general the estimates produced by the least squares dummy 

estimator may be biased, inconsistent and usually inefficient. Instead, literature proposes a 

number of alternative estimators in order to overcome this. These are the instrumental 

variable estimation (IV) (Anderson and Hsiao, 1981) or Generalised method of moments 

(Arellano and Bond, 1991; Arellano and Bover, 1995).  

However, instrumental variable and GMM approaches yield consistent estimates when the 

cross-sectional dimension is large (and the time-series dimension small) and that makes 

them inappropriate for application to the typical macroeconomic datasets with moderate N 

and T. The difference and system GMM estimators were constructed for micro datasets and 

they do not fit perfectly to macroeconomic data (Bond, 2002).  

The system GMM approach (Arellano and Bover, 1995 and Blundell and Bond, 1998) uses 

suitable lagged levels and lagged first differences of the regressors as their instruments. It 

constitutes a very familiar and popular procedure, and it is largely used in the estimations of 

the papers discussed in this essay. However, IV estimators are in principle less efficient than 

Ordinary Least Squares (OLS) as instrumental variables may only be weakly correlated with 

the instrumented variables. The instruments used by the GMM approach are supposed to be 

strong, yet this is not tested. Furthermore, Bazzi and Clemens (2013) argue that while many 

lags can be employed, this fails to address the weak instrument problem and may result to 

spurious results. More specifically, instrument proliferation, particularly in the present of 

highly persistent endogenous explanatory variables (as in the case of debt ratios), possibly 

weakens the validity of internal instruments in the system estimator (Roodman, 2009).  

So, estimates through IV and GMM may also be biased and tests of hypothesis may have low 

power (Stock et al., 2002). 

In additional, in order to estimate the Growth Equation (2.1), the length of the growth 

episode (n) needs to be selected and this choice causes several tradeoffs.  

If n is chosen to equal 1, this refers to annual GDP growth and while this makes the number 

of observations the maximum possible, it is likely to produce estimates entirely influenced 

by business cycle fluctuations. Equally importantly, it may lead the estimates to be subject to 

endogeneity since growth will be just one year forward with respect to debt.  

Setting n equal to five weakens these problems. This procedure gives the coefficient of the 

current level of debt (and the other explanatory variables) when regressed to the 5-year 

forward GDP growth rate and allows eliminating cyclical and other short-term effects that 

blur estimations produced by using annual growth rates. However, this approach decreases 

the observations (that may create problems to small databases) but more importantly it 

constitutes arbitrary the selection of the first and last observations used. Another common 
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practice broadly used in the growth literature is that of five-year or three-year overlapping 

averages of the output growth rate. Here, lies the cost of introducing autocorrelation in the 

model. The use of forward GDP growth rates with respect to debt still does not solve the 

endogeneity problem of debt. 

The majority of the researchers try to check pre-determined levels of debt as thresholds in 

the growth regressions while some other seek to determine the thresholds endogenously.  

2.2 Country and time fixed effects 

In panel data regressions, country-specific fixed effects, ηi, as well as time-specific fixed 

effects, τt  are included in growth equation (2.1). Τhey have considerable advantages. 

In some papers, introducing within-country or time effects in the panel data regressions is 

mandatory due to the relatively small number of databases, which excludes a sensible 

analysis of cross-country differences. 

In particular, time-specific fixed effects are meant to capture common effects or common 

shocks across countries that have taken place under the time of the examination. For 

example economic and monetary regime changes, like the formation of the European Union 

as well as global business cycle conditions that may have an impact on all countries and so 

on. 

Country-specific fixed effects are being used because they allow measuring to what degree a 

change in one factor affects growth within a country. 

They control for unobservable country specific characteristics, for differences between 

countries, assuming that the heterogeneity is stable over time. They capture economic and 

social characteristics, such as legal, institutional and cultural diversifications across 

countries. These characteristics cannot be measured, but if they remain constant over time 

their impact can be captured by country-specific fixed effects. 

2.3 Endogeneity of debt  

A variety of sources of bias concerning the estimation of growth equation have to be 

examined and resolved in order for the estimated parameters to be consistent.  

The literature supports that in the growth equation government debt suffers from 

endogeneity and so significantly biased parameters are produced. While it is proven that 

public debt is negatively associated with economic growth, this does not necessarily indicate 

that debt slows down growth. This is the problem of reverse causation or simultaneity bias 

between debt and growth resulting in endogeneity bias. The correlation between public 

debt and growth does not imply that causality goes from debt to growth. The exact way of 

the causality is something very important for researchers to clarify but in practice extremely 

difficult. The correlation found between these variables could be explained as low or 

negative economic growth forcing governments to raise the levels of debt (Reinhart, 

Reinhart, and Rogoff, 2012). In other words, there seems to be possible that while high debt 

affects growth adversely, slow growth -for factors that are not connected to debt-could also 
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result to high debt. In addition, endogeneity may stem from the possibility that government 

debt and growth are jointly determined by a third variable, and so the observed correlation 

could be due to this third factor. An obvious example for this is war. We conclude that debt 

is strongly likely to be endogenous, so literature tries to address this issue with several 

techniques.  

Panizza and Presbitero (2012) present the endogeneity problem by using a simple bivariate 

model. In this model growth (G) is a function of debt (D), and debt is a function of growth: 

 

 

 

 

The OLS estimator of b is then given by: 

 

 

And the bias of the OLS estimates is: 

 

 

According to equation (2.4), if k=0, it means that the OLS is unbiased and is the case where 

debt does not suffer from endogeneity. According to stability:  bk <1, so if k<0 (which is the 

possible case), OLS estimates are negatively biased. 

The literature deals with this problem in several ways, one of which is by employing the 

moving averages of the GDP growth (lagged debt). This technique although mitigates the 

endogeneity problem does not resolve it completely. It may be the case that if a country 

expects low economic growth and applies counter-cyclical expansionary fiscal policy, this 

causes the debt-to-GDP ratios at time t to increase. In period (t+1; t+n) the economy slows 

down but the negative debt-growth correlation that appears, should not be interpreted as 

public debt having a causal impact on growth in the future. Instead of this, the use of 10-
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year growth that has been proposed further reduces endogeneity, but it is not useful when 

the cross-sectional dimension of the dataset is small. 

Other authors defeat the endogeneity by employing the Instrumented Variables (IV), system 

and difference Generalised Method of Moments (GMM) estimators. But as discussed in a 

subsection above, IV and GMM techniques are not completely appropriate when used to the 

typical macroeconomic datasets causing rather inconsistent estimates. Therefore, IV and 

GMM estimations although widely used in several papers to solve the endogeneity of debt 

and the problem of reverse causality, their results should be interpreted with caution. The 

exact way of the causality between debt and growth could be correctly assessed by the 

identification of an external instrumental variable that has a direct impact on debt and 

indirect on economic growth.   

2.4 Other types of Bias  

In addition to the endogeneity bias of debt, other types of bias can occur in a number of 

different ways in panel growth regressions and lead to inconsistent estimates. It is important 

for researchers to be aware of these and find ways to minimize bias; a few common 

examples follow. 

There exist the omitted-variables bias (heterogeneity bias) stemming from the correlation 

between country-specific fixed effects and the regressors which can produce inconsistent 

estimates of pooled OLS and BE (between estimator). Furthermore, classical measurements 

errors affecting the independent variables, which makes pooled OLS, BE and FE estimator 

inconsistent. Also, the dynamic panel bias produces inconsistent estimates to the FE 

estimator. It comes from the correlation between yi,t-τ and i in the presence of lagged 

dependent variable because yi,t-τ is endogenous to the fixed effects (i ) in the error term. In 

the FE, the fixed effects (i) are eliminated via within-transformation, but there is now a 

correlation between the transformed lagged dependent variable and the transformed error 

term, causing the FE to be inconsistent and biased downward. 

Selecting anyone of the above estimators entails a trade-off between the biases. 

Analytically, the BE estimator reduces the magnitude of measurement error through time 

averaging of the regressors, yet is incapable of addressing the omitted-variable bias. Pooled 

OLS and BE are subject to omitted-variables bias and measurement errors. Fixed effects fight 

the omitted-variables bias through controlling for fixed-effects. In comparison to the BE and 

OLS, Fixed effects worsen the measurement error bias.  

On the one hand, the dynamic panel GMM estimator deals many of the biases discussed 

above but on the other hand they may suffer from the weak instruments problem 

(Roodman,2009 and Bazzi and Clemens, 2009). The SGMM is commonly more robust to 

weak instruments compared to the difference GMM, but remains subject to weak 

instrument biases. Therefore, it is not easy to come to a conclusion on which technique 

produces the least total bias among all these sources of bias. Hauk and Wacziarg (2009) used 

Monte Carlo simulations to evaluate the bias properties of the above mentioned estimators. 

They concluded that BE has the best performance (i.e. yields the least total bias) among the 

four estimators on each of the estimated coefficients in the growth regressions when 
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potential heterogeneity bias but also a variety of measurement error problems coexist. 

However, the most of papers below employ the SGMM estimator. 

3. The Path-breaking Study of Reinhart and Rogoff 

A good starting point for investigating the debt-growth relationship is unarguably the 

influential research of Reinhart and Rogoff, 2010 (hereafter RR) which has been pointed out 

by those who wanted to rationalize the policy of austerity agenda on both sides of the 

Atlantic. Although, they use simple descriptive statistics rather than formal econometric 

procedures, a vast majority of the relevant literature considers their work as a benchmark 

study. In their analysis, they gathered annual observations for 44 advanced and emerging 

economies for the time period 1946-2009, in order to study economic growth at different 

levels of government debt. RR found evidence of strong negative non-linear effects of high 

public debt on economic growth when public debt ratio exceeds 90%.   

As already mentioned, one issue that has to be taken into account concerns the way the 

meaning of “debt” is interpreted. The reason for this is because some authors regard debt 

differently. When RR used “public debt “they refer to gross central government debt. Their 

work starts by splitting the 44 countries into 2 sub-groups, the one included 20 selected 

advanced economies (OECD countries) and the other 24 emerging economies. Then, in each 

sub-group, they split the sample into four categories: (i) country-years for which public 

debt/GDP is below 30 percent; (ii) country-years for which public debt /GDP is between 30 

and 60 percent; (iii) country-years for which public debt/GDP is between 60 and 90 percent; 

and (iv) country-years for which public debt/GDP is above 90 percent. The authors suggest 

that the four categories standing for low, medium-low, medium-high and high debt levels 

are based on the interpretation of much of the literature and policy discussion on what is 

considered low, high etc debt levels. However, the four thresholds would later be criticized 

for being arbitrarily chosen and vague. An additional important problem that received a lot 

of –fair-criticism is that RR checked only the correlations between debt and growth without 

accounting for any other determinants of growth. They also did not attend to the reverse 

causality problem. 

Figure 3.1 presents the results of their computations for the sample of the 20 developed 

countries. The bars show average and median real GDP growth for each of the four debt 

categories. The computations indicate that no explicit link and also no large differences exist 

between GDP growth and debt/GDP ratios for the first three debt categories. On the 

contrary, average and median GDP growth are to a considerable extent lower for the years 

that debt/GDP ratios lies above the 90% threshold. A significant fall of 1.5 percentage points 

in median growth rates of GDP is identified when comparing the low debt groups (debt 

below 30 percent of GDP) and high debt groups (debt above 90 percent of GDP). But when 

considering the average GDP growth between debt levels below 30% and debt levels above 

90% the result is remarkable, that is: roughly 4 percentage points. Specifically, the years that 

OECD countries have debt levels above 90% of GDP, the average GDP is -0.1% (roughly 3.6% 

lower than the average GDP growth of the previous debt space) and the median price is 

2.5% (roughly 1% lower than that of the previous space). The use of lagged debt to 

somehow address reverse causality made no great differences to the results.  
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RR seek to enhance the validity of their results so then they used a dataset that comprises 

the same selected OECD countries and years covering one to two centuries between the 

time period 1790-2009. The results are illustrated in Table 3.1.  The longer time observations 

yield surprisingly similar results. Average economic growth for debt levels above the 90% 

threshold is 1.7%, while the other 3 debt spaces are associated with mean growth ranging 

from 3% to 3.7%. Median growth lies between 3.9% and 2.8% for the first three lower debt 

categories but drops to 1.9% for the country-years debt is above 90%. The authors point out 

two things here. First, that the high-growth rates and high-debt levels of some countries are 

related to years following the World War II. Second, that there is substantial variation across 

countries, for example Australia and New Zealand do not undergo a serious decrease in 

growth while facing high debt levels. 
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The same computations were applied to a dataset of 24 emerging market economies for the 

periods 1946-2009 and 1900-2009. The results are presented in Figure 3.2 and Table 3.2 and 

are not remarkably different than those of the advanced economies. The difference in 

median growth between the lowest and highest debt category is larger than that of the 

advanced economies (roughly 2.1 percentage points). Mean GDP growth for the years 1946-

2009 and debt levels below 90% of GDP lies around 4.5% while the value for debt levels 

above 90% falls markedly at 1.25%. For the longer time period, 1900-2009, the average and 

median GDP growth is still around 4%-4.5% for low, medium-low and medium-high debt 

levels. A decline appears for the median growth at high debt levels (median GDP growth is 

2.9%) and it is even sharper for the mean growth (1.0%). Again, RR cannot identify any clear 

shape that forms the impact of public debt on growth below the 90% ratio. 
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Their report includes computing the above same statistics for total gross external debt1 and 

only for selected emerging market economies for the period 1970-2009. They argue that 

emerging economies rely heavily on external borrowing so it might have a meaning 

investigating the debt-growth relationship and thresholds based now only on external debt 

data. They add that external debt is almost entirely denominated in a foreign currency. As 

one can see in Figure 3.3, the threshold where average growth deteriorates is now lower 

than that resulted from the total public debt measure. Median and mean economic growth 

start declining from debt levels between 60% and 90% of GDP and become slightly negative 

for the threshold where debt reaches 90% of GDP and more. There are no long time 

observations on total gross external debt for advanced economies (which issue most of 

external debt in their own currency). So they cannot identify whether advanced economies 

demonstrate similar thresholds; they speculate that in this case the thresholds are higher.  

As a concluding remark of their report RR suggest that in advanced but also in emerging 

economies high public debt to GDP ratio (in particular 90%) is correlated with low economic 

growth but no clear debt-growth connection seems to exist when debt-to-GDP ratios are 

lower than 90 percent. Thus, countries should avoid adopting loose fiscal policies that 

increase the public debt levels, as this may lead them towards high debt ratio regimes that 

consequently damage growth. However, they recognize that debt thresholds are importantly 

country-specific and highlight the necessity of further investigation of their existence.  

In the light of these results, public policy debates were influenced followed by an abundance 

of academic publications on the management of government debt and fiscal policy more 

broadly. Official institutions, including the OECD and the EU Commission appear to have 

espoused the 90% threshold in policy recommendations considering it as a danger 

boundary. At the same time, economists and policymakers began discussions doubting the 

magic threshold of 90% in the public debt ratio that countries should avoid to cross .There 

were many arguments that this result rests on shaky foundations and so it is not suitable to 

form policy.  

First of all RR do not allow for any dynamic relation between growth and debt. They just 

demonstrate statistical measures for the combinations of debt levels and contemporaneous 

economic growth with no inclusion of the impact of time which is what academic research 

suggests. Of course, the problem remains with the introduction of lagged debt levels.  

Secondly, their research ends up finding a correlation between public debt and growth but it 

is not clear at all if there is a causal relationship between them.  RR just assume this causal 

relationship going from debt to growth when they interpret the correlation they find. Paul 

Krugman asks for example, how much of this correlation remains if someone examines only 

the cases that causation runs from debt to poor growth, rather than what possibly could be 

spurious or reversed. Practically, in their research there is no evidence of causality at any 

form. Theory suggests that slow economic growth result in budget deficits which are 

financed with debt issuance.  

1
Total gross external debt includes the external debts of all branches of government as well as private 

debt that is issued by domestic private entities under a foreign jurisdiction. 
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So, the contemporaneous link RR analysis found , even if it was a durable correlation, (which 

is not) may as well run in the opposite direction and so capture causal relationship going 

from slow growth to high debt.  

The same case remains even with lagged debt levels because expectations of slowdown can 

possible generate counter-cyclical expansionary fiscal policy, leading to a higher public debt-

to-GDP ratio the coming year. According to these claims, there is no compelling evidence for 

policy makers to take into consideration the 90% debt threshold and use it for rapid fiscal 

retrenchments.   

The paper from Herndon et al (2013) cast further serious doubts on the stylized fact of RR 

findings as some of the calculations presented seem to be flawed. They used the same 

dataset RR used and discovered substantial mistakes in their calculations leading them to 
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reject the main RR finding that economic growth declines sharply above the 90% debt 

threshold. Herndon et al. replicated RR calculations and found coding errors, selective 

exclusion of available data and unconventional weighting of summary statistics and after 

correcting all of these they concluded that the 90 % threshold effect vanishes. The 

replications focus only on the mean values of the twenty developed markets for 1946-2009. 

The errors made relatively small effects on measured average real GDP in the three lower 

public debt/GDP categories. GDP growth in the lowest public debt/GDP category is roughly 4 

percent per year and in the next two categories is around 3 percent per year with or without 

correcting the errors. On the contrary, the errors had an extremely large effect on the 

average real growth of the country-years included in the 90% debt/GDP category. RR found 

this average GDP growth to be -0.1%, while when Herndon et al. properly computed the 

average they found it was actually 2.2%. So, the GDP growth at high levels of debt is not 

substantially different than when debt/GDP ratios are lower. The errors presented below 

and the corrections of them refer to the category of 90% debt/GDP. 

First of all, there have been unjustified exclusions in the time coverage of observations even 

if these were publicly available. RR selectively excluded three countries: Australia (1946-

1950), New Zealand (1946-1949) and Canada (1946-1950) which all of them would have 

contributed to the 90% debt/ratio measures. The 4 observations of New Zealand made a 

great impact to the average growth when they were included properly, because of the 

values of their respective GDP growth rates. The aforementioned GDP growth rates were: 

7.7, 11.9, -9.9 and 10.8%. In additional to this mistake, Herndon et al. detected a coding 

error in the RR worksheet. It seems that RR omitted from the average GDP growth the 

values for the 25 years of Belgium, which also drop in the 90% debt/GDP category. Both of 

these mistakes accounted for dropping out 39 observations from the 90% category 

measures. Only 71 country-years were estimated by RR instead of the proper 110. 

Furthermore, Herndon et al. have been skeptical about RR’s methodology of equally 

weighted average of every country in each debt group as they find it arbitrary and 

unsupportable.  RR assigns each country-year observation in one of the 4 debt ratios group. 

For each country in every group they average the GDP growth and so find the country 

averages. In the end, in each debt group they average the GDP growth of the country 

averages. That is like they weight each country equally, instead of weight each country-year 

equally (in each debt group). There might be an argument for this: that there exists possible 

within-countries serially correlated relationships, and so by RR methodology, this is taken 

into consideration as every country-year does not contribute proportional information in the 

GDP growth ratio. But, Herndon et al. although recognize this problem, they see additional 

problems stemming from equally country weighted averages in the final RR calculations. For 

example, they say that there are 19 observations for Greece or UK in the 90% category with 

an average GDP growth 2.9% and 2.4% respectively. New Zealand’s single observation in the 

same category contributed with the value of -7.6%. They conclude that there is no 

reasonable argument to accept that Greece’s or UK’s almost 20 years performance is of 

equal weighted importance with a single performance of New Zealand’s. Further 

justifications from the authors are requested in order to accept this argument. In their 

replications they include the excluded observations, correct the miscalculations and present 

the results in Table 3.3. 
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In the first column of Table 3.3 appear the correct observations of years for each country 

while in the second and third columns are the (lesser) observations RR included. In the next 

two columns are the weights for each country, the one Herndon et al. claiming to be correct, 

which is country-years weight and the other are RR’s country weight. The last two columns 

show the corrected GDP growth averages of Herndon et al.  and those of RR.  In total, actual 
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average real growth is +2.2% per year in contrast to -0.1% of RR. So, the deterioration of 

mean growth from the previous debt ratio category, which Herndon et al. correctly 

measured to the value 3.2 % (than 3.4% of RR), is now only 1% (than 3.5% of RR).  

In the context of the corrected measurements Herndon et al. seek to re-examine the non-

linearity in the debt-growth relationship, which was an important component of RR’s 

findings. They follow two procedures. In the first, they define the fourth category similar to 

the lower three categories spanning the same 30 percentage points -that is, the 90-120 

percent public debt/GDP category- and add one more- that is for debt/GDP ratios above 

120%. When classifying the data from the same working spreadsheet of RR, average GDP 

growth for the 90-120% category was computed 2.4 percent, fairly close to the 3.2 percent 

of the previous category. In the new category the average GDP growth was 1.6 percent. So, 

in the both cases average growth declines but that is far from falling off a nonlinear cliff. This 

contradicts the nonlinear response of growth when debt accumulations reach the 90% debt 

ratio. 

The second procedure to check for nonlinearities regards computing the scatterplot of all 

country-years GDP growth plotted against public debt/GDP ratio and calculate a locally fitted 

regression function. In this case, the scatterplot displays a non-linearity but this appears in 

the change in the debt/GDP ratio from 0 to 30 percent where average growth decreases 

sharply. This disputes another one case made by RR, which is that no clear link of debt-

growth relationship seems to exist below the 90% debt threshold. 

As a concluding remark, Herndon et al. argued that RR in their calculations have clearly 

underestimated the average growth GDP for the highly indebted countries. The aggregate of 

their mistakes transformed the reality of a moderate decline in average GDP growth rates 

for countries with debt/GDP over 90% into a fake image of dramatic decline in GDP growth. 

Herndon et al. conclude that significant errors in RR calculations reduced the measured 

average GDP growth of countries in the high public debt category and so there is no clear 

evidence of a major decline in GDP growth above 90% of GDP, just a modest decrease. They 

also suggested that the austerity agenda that RR’s findings had provoked should be 

reassessed.  

The aware of the tension of the RR analysis and their controversial results sparked a new 

wave of researches with the aspiration to evaluate whether the RR results demonstrate the 

same robustness when a number of specifications changed. For example, if debt thresholds 

were endogenously estimated rather than arbitrarily chosen, if determinants of growth were 

included in a formal econometric structure, and if instruments for public debt were used to 

evaluate its causal effect on GDP growth rate. The researchers emphasized that formal 

econometric techniques (as the threshold regression framework) were undoubtedly 

necessary in order to deal with problems such as the reverse causality problem but more 

importantly to identify correctly the possible threshold effects and nature of the nonlinearity 

in both the short- and long-run debt-growth relation. We turn now to survey the part of the 

empirical literature that used econometric procedures to properly investigate if debt 

thresholds exist and their levels.  
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4. Confirmation of the 90% Debt Threshold 

One problem of Reinhart and Rogoff’s analysis to begin with, is that they inflicted the 90% 

debt threshold instead of having it, at first, formally tested. But, given to what has just been 

supported, this seemingly arbitrary threshold should had been searched and tested through 

more sophisticated techniques. In this section, results of papers running multivariate panel 

regressions will be presented.  The results of these studies confirm a robust negative non-

linear relationship between debt and growth with a threshold of around 90% just like RR 

found.  

Reinhart and Rogoff (2010) and Herndon et al. (2013) made use of central government debt. 

But, drawing policy conclusions built on central government debt may be inaccurate. As a 

matter of fact, the consolidated debt of the government sector (general government debt) is 

more relevant to draw inferences on fiscal policy. This interpretation of debt is being used in 

what follows.  

Cecchetti, Mohanty and Zampolli (2012) examined the debt-economic growth relationship 

by using a dataset of 18 OECD countries from 1982 to 2006. The countries are: United 

States, Japan, Germany, United Kingdom, France, Italy, Canada, Australia, Austria, Belgium, 

Denmark, Finland, Greece, Netherlands, Norway, Portugal, Spain and Sweden. First, they 

establish the presence of a robust linear negative correlation between public (government) 

debt and growth by estimating a growth equation. Cecchetti et al (2012) also examine the 

impact on growth of private sector, nonfinancial corporate and household debt, but this is 

something that will not be analyzed here as we are concern only about the impact of 

government debt on growth. Then they check for the existence of non-linearities. They 

confirm the existence of non-linearities through a non-dynamic panel threshold 

methodology that checks pre-determined thresholds using dummy variables. They find 

thresholds of around 85% beyond which government debt is bad for growth. The panel 

threshold methodology they applied is based on Hansen likelihood ratio (1999). As already 

mentioned the impact of debt on growth will be -in the majority of the papers- examined 

through specification and estimation of alternative versions of the growth equation.  

In Cecchetti, Mohanty and Zampolli (2012) the growth equation for country i is: 

 

 

is the k-year forward average of annual per capita growth rates between years t+1 and t+k 

(k=5) and y is the log of real per capita GDP.  They use overlapping observations in order to 
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mitigate the effects of business cycle fluctuations, which constitute a common practice as 

we have already referred to in the beginning. They also use them to bypass the arbitrary 

construction of five-year, non-overlapping blocks. Country-specific fixed effects as well as 

time-specific fixed effects are included.  

Due to the dynamic nature of the growth regression LSDV in general produces biased 

estimations. However, researchers cite that according to Monte Carlo simulations, even for 

classic moderate macroeconomical dataset the LSDV estimator performs as well as or better 

than the alternative proposed estimation methods of IV estimators (Judson and Owen, 

1999). Researchers’ dataset has T=25 and N=18, therefore they use the LSDV estimator. 

They employ a robust technique to calculate the standard errors of the coefficient estimates 

due to the overlapping nature of the per capita growth, which introduces a moving-average 

process to the errors (specifically, they employ Huber and White sandwich estimator).  

The list of regressors includes: 

• Public debt-to-GDP ratio 

 gross saving (public and private) as a share of GDP;  

 population growth;  

 the number of years spent in secondary education, a proxy for the level of human 

capital; 

 the (total) dependency ratio as a measure of population structure and aging;  

 openness to trade, measured by the absolute sum of exports and imports over GDP;  

 CPI inflation, a measure of macroeconomic stability; 

 the ratio of liquid liabilities to GDP, as a measure of financial development; and 

 a control for banking crises taking the value of zero if in the subsequent five years 

(as identified by Reinhart and Rogoff, 2008) there is no banking crisis, and the value 

of 1/5, 2/5, and so forth, if a banking crisis occurs in one, two, etc. of the subsequent 

five years. 

In their baseline estimations, they find that public debt has a consistently significant 

negative linear impact on future growth. A 10 percentage point increase in the debt-to-GDP 

ratio is associated with an 17 basis point reduction (when the crisis variable is included) in 

future average growth and this is considered a big impact. Results of the growth regression 

including the crisis variable are shown in Table 4.1. Without the crisis variable are shown in 

Table 4.2. 
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So far, Cecchetti, Mohanty and Zampolli, tried to identify and establish a negative (linear) 

link for the debt and growth relationship. Next, they proceed to investigate the existence of 

non-linearities and threshold effects through the following model (4.3): 

 

 

This is a Panel Threshold Regression model (PTR) developed by Hansen (1996, 1999, 2000). 

Threshold Regression Models are widely used in the majority of the literature when trying to 

identify thresholds, as they are simple and considered to perform better than alternative 

models that have been employed to estimate nonlinear functions. 

These models classify observations into stochastic processes depending on whether the 

observed value of the threshold variable lies above (or below) a specific threshold value. 
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Finally, they allow the identification of the significance of the threshold level, as well as the 

coefficients and the significance of the different regimes. 

Equation (4.3) is identical to equation (4.1) plus the I (.) indicator term. This term is set equal 

to 1 if each debt variable is below a specified debt threshold and 0 in any other case. The 

indicator variable separates the debt variable into two, creating two different debt regimes. 

In doing so, the impact on growth is different depending on whether debt is below or above 

the specified threshold. The investigation of threshold is being done by including in the 

regression (4.3) one debt variable at a time and estimating it for all the values of debt-to 

GDP ratio included in the dataset. Next, they choose the one that yields the minimum value 

of the sum of squared residuals. Cecchetti et al. used Hansen’s (1999) likelihood ratio 

statistics to assess the statistical significance of the estimated threshold. The LR statistic is 

calculated as the difference between the sum of squared residuals of the model for a generic 

value of the threshold and the sum of squared residuals corresponding to the estimated 

threshold (scaled by the variance of the sample residuals).  

The threshold effects which they found to have adverse impact on economic activity are 

shown in Table 4.3. When they control for crises, they find that the point estimate of the 

debt threshold level is 96 percent of GDP. Below this threshold a 10 percentage point 

increase in the debt-to-GDP ratio causes the average subsequent GDP growth to diminish by 

a 7 basis point.  The coefficient is not statistically significant. Above the 96 percent debt 

threshold, if the debt-to-GDP increases by a ten percentage points then GDP growth 

diminishes by a 14 basis point and the coefficient is statistically significant.  

When they do not include the crises dummy variable the estimated public debt threshold is 

84% of GDP. Below this, a 10 percentage point increase leads to a seven basis point 

reduction in growth rate and the coefficient is statistically insignificant. When the debt-to-

GDP ratio lies above 84% a ten percentage point increase in the debt-to-GDP ratio reduces 

the economic activity by 13 basis point and the coefficient is statistically significant at 10 

percent level. 
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These results are very close with the RR’s results as they confirm that the correlation 

between debt and growth is non-linear and public debt starts having a negative effect on 

growth when debt reaches 84% of GDP (96% in the case where they control for banking 

crises). They also confirm RR’s result that debt has no consistent impact on growth below of 

a threshold around 90% as the coefficients of debt below the thresholds are not statistically 

significant in both cases. 

The authors claim that high debt is clearly negatively linked with growth. When public debt 

reaches 84% of GDP, further increases in debt may start to have an important negative 

effect on trend growth. They suggest that authorities should aim at keeping their debt levels 

well below the estimated thresholds, since they never know when an extraordinary shock is 

going to hit their economies.  

Cecchetti et al. (2011) conclude that when debt levels are low, this can facilitate the 

economy to grow or stabilize. Yet, beyond a certain level it increases volatility and highly 

indebted countries should focus not only at stabilizing their debt but also at reducing it to 

sufficiently low levels that do not retard growth. 

The findings of Cecchetti et al. (2011) concerning the non-linear relationship between debt-

growth should be interpreted with some caution. Hansen’s panel threshold regression 

technique (Hansen, 1999) applies to a static model with iid errors but it might not to a 

dynamic model with heteroskedastic errors such as the dynamic growth model. A further 

problem is that that Hansen LR’s statistics is not suitable for testing for the presence of a 

threshold. It only tests the statistical significance of an estimated threshold assuming that 

such a threshold exists. Moreover, we should keep in mind that these thresholds are 

predetermined in this research and not endogenously determined. Lastly, the identification 

of the non-linear relationship might be more complex than what a simple one-threshold 

model implies. Therefore their results should not be interpreted as evidence for the 

presence of non-linearities.     

We turn now to another research, that of Checherita-Westphal and Rother (2012). They 

examined the debt-growth relationship on 12 euro-area countries, namely, Austria, Belgium, 

Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, and 

Spain over the period 1970-2008. Paying exclusive attention to the old euro area countries 

allows examining countries which demonstrate certain policy features not encountered in 

the rest of the developed countries and possibly provides more relevant results for the 

sovereign debt crisis. They check for thresholds and non-linearities by incorporating a 

quadratic expression in debt in the growth equation. By employing this quadratic functional 

form they achieve to determine the thresholds endogenously in contrast to the previous 

analysis. Checherita-Westphal and Rother (2012) conclude that there is a robust negative 

non-linear effect of public debt on per capita GDP growth rate and that their relation is 

described as a concave function (inverted U-shape). The turning point, beyond which the 

debt-to-GDP ratio has a harmful effect on long-run growth, is found at about 90-100% of 

GDP. Their findings validate RR results.    
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The estimation equation is: 

 

 

where  

 git+k :                                    the growth rate of GDP per capita, k = 1 or 5 (three different           

measures are used in the empirical estimation: annual growth rate git+1 ; 5-year cumulative 

overlapping growth rate git / t + 5 , where t takes annual values; and 5-year cumulative non-

overlapping growth rate git+5 , where t takes the values at the start of each half-decade); 

ln(GDP/cap)it :                        natural logarithm of the initial level of GDP per capita 

debtit :                                     gross government debt as a share of GDP 

saving/gfcfit :                    saving or investment rate (proxied as gross fixed capital formation) 

as a share of GDP (the variables are used in the empirical estimation in aggregated terms, 

total national saving/investment rate, as well as on a disaggregated basis, as public and 

private saving/ investment rate) 

other controls => see description below 

 µi :                                       country fixed effects  

νt :                                        time fixed effects  

εit :                                        the error term. 

The use of a quadratic equation in debt is included in order to check for the non-linear 

impact of government debt on growth. The inclusion of a linear debt term yields no 

considerable results. 

The other control variables that are used in the estimation of the growth equation are: (i) 

fiscal indicators (i.e. a proxy for the average tax rate and the government balance, both in 

cyclically adjusted terms) to allow more extensively for the possibility of fiscal policy 

affecting economic growth; (ii) the long-term (sovereign) real interest rate, capturing the 

impact of inflation and the effects of the fiscal-monetary policy mix; (iii) indicators for the 

openness of the economy and external competitiveness (such as the sum of export and 

import shares in GDP; terms of trade growth rate; real effective exchange rate REER) to 

expand the model beyond a closed-economy form.  

Data description and sources are shown in Table 4.4. 

The estimation method is panel fixed-effects corrected for heteroscedasticity and 

autocorrelation up to order 2 (for the annual growth rate and the cumulative 5-year non-

overlapping growth rate) or 5 (for the cumulative 5-year overlapping growth rate)(Table 

4.5).  
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The panel fixed-effects estimators are being used to show the direct effect of debt on 

growth considering the limited cross-sectional size of the data compared to the time 

dimension. The inclusion of debt variable in linear form in the growth equation does not 

produce considerable results. The fit of the regression is smaller and the significance of 

other control variables is in general unchanged.  

The strong potential problem of endogeneity, especially reverse causality, is being solved by 

using various instrumental variable estimation methods (Table 4.6). The estimators used in 

their paper are either 2-SLS (two-stage least squares) or GMM estimators. With GMM they 

also correct for the possible heteroscedasticity and autocorrelation in the error structure by 

using the consistent estimator.   

The debt variable for every country is being instrumented through either its time lags (up to 

the 5th lag) or the average of the debt levels of the other countries. There is high correlation 

between these two instruments and the debt-to-GDP ratio, which can be verified by the first 

stage statistics such as Shea partial R-square. But instrumenting the debt-to-GDP ratio by the 

lagged terms of the regressors poses a problem as the debt series are highly persistent. So, 

for each country i and year t, they also make use of the average public debt-to-GDP ratio of 

the other 11 countries as instrument, which is considered as efficient instrument. It is 

uncorrelated with the growth rate to the degree that someone supposes that there is no 

robust relation between debt levels in other euro area countries and per-capita GDP growth 

rate in one particular country. The authors further assume that the use of 1 or 5 lagged years 

of the explanatory variables with respect to the dependent variable mitigates the 

endogeneity problem. 
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In this paper the authors examine both the short-term and long-term impact of debt on 

growth by using the annual GDP growth rate and the 5-year specification respectively. 

The results across all models from Tables 4.5 and 4.6 indicate a highly statistically significant 

non-linear relationship between government debt ratio and per-capita-GDP growth rate for 

the 12 euro area countries. The debt-to-GDP turning point of this concave relationship lies 

between 90 and 100% on average across all models. This means that above this threshold 

additional debt will have a considerable negative effect on economic growth. The turning 

point is the debt ratio that optimizes the quadratic equation, i.e., it is computed by: Debt 

turning point= - (1/2)(coef(debt)/coef(debt_sq)), where coef() denotes the regression 

coefficients (only if statistically significant) of variables debt and debt_sq obtained from the 

estimation of a given model. 

Checherita-Westphal and Rother (2012) check the robustness of these results, namely the 

inverted U-shape relationship of debt and growth and the 90-100% debt-to-GDP turning 

point through several econometric robustness tests. First, they exclude from the dataset, 

one by one, the debt outliers which are Luxembourg (lowest average of the sample: 9.6% of 

GDP) and then Belgium (highest average of the sample: 97.8% of GDP) Then all the other 

countries.  Table 4.7 shows the results which remain mostly unaltered. The coefficient of 

debt and debt squared continue to be statistically significant with the same sign, validating 

that the inverse U-shaped form is a strong result. Also, the debt turning point remains 

broadly the same across each and every test with excluded country. The same results are 

revealed when they employ the 5-year averages.  
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Later, they eliminate group of countries. They start excluding the group of the two lowest 

averaged indebted countries (Luxembourg and Finland), continue with the group of the two 

highest averaged indebted (Belgium and Italy) and end with the combination of the lowest 

and highest averaged indebted (Luxembourg and Belgium). The quadratic relation is still 

robust across all these combinations of excluded countries and the turning point does not 

demonstrate significant differences.  

They also conduct robustness tests excluding years and time periods (Table 4.8).  First, the 

EMU period is excluded (i.e., the period 1999-2008). This can be done alternatively by 

excluding the time fixed effects and including a dummy variable that receives the value 1 for 

the years 1999-2008 (2001-2008 for Greece) and 0 otherwise. The concave relationship 

continues to be robust and the debt-turning point decreses only about 6 percentage points. 

Next, they rule out the 70s; 70s and 80s; and in the end 70s, 80s and nearly all of the 90s 

(thus letting only the EMU period) as shown in Table 4.8. When they eliminate most of the 

90s, the coefficients of debt and debt squared are no more statistical significant. It is 

possibly happening because of the smaller sample size. 

Then they continue with robustness checks to the polynomial functional forms. They begin 

by setting powers higher than one-in increments of 0.2- and examine polynomial degrees up 

to power 3. The results still do not change across the different polynomial forms as the 

concave formation stays robust and the debt-to-GDP turning point still lies between 90% 

and 100% of GDP. When they experimented with lower powers, they obtained somewhat 

higher debt turning points and the other way round. Under the quadratic specification with 

the fixed-effects model the debt turning point is found to be 97.8% of GDP. The polynomial 

specification of the power of 1.2 indicates the turning point to be at 103.9%, while the 

power of 3 produces a turning point of 92.7%. The introduction of more than two debt 

terms in the regression does not return considerable results. 
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One further robustness test is investigating the effect of the debt-to-GDP on potential/trend 

GDP growth. The potential and trend GDP is constructed on the European Commission’s 

methodology; the authors use annual data and 5-year averages rates. The advantages of 

using trend/potential growth are: (i) more precise capture of the long-term impact and 

avoidance of cyclical fluctuation, (ii) mitigation of endogeneity and particularly of reverse 

causality, (iii) testing the robustness of the debt turning point.    

 

 

Using the same instrumental variable models as those for the growth rate of real per capita 

GDP the same robust results are obtained. The concave relationship remains robust with 

both debt terms highly significant and with debt turning point varying close to the same 

value. We note that we should be careful with these results because there could possibly be 

introduced distortions in the models as the potential GDP growth is only an estimated 

variable. 

The simple average of the debt turning point across all models is 97%. Including only the 

instrumental variable models the turning point yields a value of 94%. These results are 95% 

and 91% when the potential and trend GDP growth rate are accounted for. The statistical 

confidence interval around the debt turning point is computed to begin at 70% of GDP. 

Interesting part of the research is the investigation of the channels for the impact of public 

debt on growth. Based on the literature, Checherita-Westphal and Rother try to identify the 

effect debt makes on: (i) private saving and private investment (gross fixed capital 

formation) rate; (ii) public investment (gross fixed capital formation) rate; (iii) total factor 

productivity (TFP); and (iv) sovereign long-term nominal and real interest rates. Each of 

these candidate channels is estimated individually.  

The regression equation for the investigation of the channel of the private saving ratio is 

presented below: 
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The dynamic nature of the panel model is justified by the possibility that the private saving 

rate is highly persistent. For the investigation of the private and public investment channels 

a similar model is applied. 

Except from the lagged private saving and the debt variable, the other control variables are 

the common determinants of private saving encountered in the literature (Masson et al., 

1998). These extra determinants are: (i) the level of income per capita; (ii) demographic 

shifts and structure as proxied by the growth rate of the population and the ratio of the non- 

working age population to the working age population, split between old and young 

dependency ratio; (iii) the level of taxation (proxied by total government revenue as a share 

of GDP); (iv) the depth of the financial system and other financial indicators, as proxied by 

the share of domestic private credit-to-GDP and the long-term interest rate; (v) indicators of 

openness of the economy to capture the possibility of foreign saving inflows or outflows.   
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Table 4.9 provides the results, where there seems to be a non-linear impact of public debt 

on private saving that mimics the impact found for per capita growth. But overall the 

estimates indicate that the debt-to-GDP turning point is found on lower levels, between 82% 

and 93%. The authors explain the impact of debt on private saving as the outcome of private 

agents anticipating inflationary pressures in the financial markets and/or transfer capital 

abroad.  

By investigating with the similar way the private investment, they could not discover any 

direct effect of public debt on it. The debt variables were found mostly insignificant. The 

estimation equation: 

 

The public investment (government gross fixed capital formation) was also examined. 

 

The results unveil a concave relationship between public debt and public investment, robust 

across a variety of models. The turning point varies from 47% to 70% of GDP. Beyond this 

threshold, the negative effects mean that, in their consolidation efforts, countries might 

reduce resources distributed for public investment, including maintenance of public 

infrastructure.  

Turning, next, to the impact of debt on total factor productivity:  

The estimations indicate the similar impact of debt on TFP namely through a concave 

relationship, with the turning point of debt being at 100% of GDP. 

At the end, they searched the possible impact of public debt on long-term (LT) sovereign 

interest rates. 

 

They discovered that the level of public debt ratio –either in linear or quadratic forms- is 

insignificant when controlling for the long-term interest rates. 
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According to their findings, the authors conclude that the possible channels through which 

debt impacts growth are private saving, public investment and TFP.  

We go back to the way Checherita-Westphal and Rother handled the debt-growth 

relationship, to refer to Panizza and Presbitero’s (2013) criticisms of the paper’s results. 

First, they are skeptical about the polynomial specification, as they find it arbitrary. They also 

think that the inverted U-shape relationship between debt and growth is easily affected by 

extreme values and that a hump-shaped relationship may be an outcome produced by a 

very small number of observations. They suggested that Checherita-Westphal and Rother 

(2012) should have conducted semi-parametric estimations to strongly support the 

quadratic relationship or have checked if the presence of a U-shaped relationship is 

supported by the Sasabuchi-Lind-Mehlum test (Lind and Mehlum, 2010). 

They also wonder whether the techniques employed so as to correct for the endogeneity 

were efficient. The instrument of the average debt ratio of the other countries should satisfy 

certain criteria that are in fact difficult to defend. In order to be a valid instrument there 

must be no robust relation between debt levels in other euro area countries and the per-

capita GDP growth rate in one particular country. If it is correct that debt in a specific 

country has a deleterious impact on growth arguing that debt levels in other euro-area 

countries have no effect on growth in the excluded country is similar as suggesting that GDP 

in the euro area (without a specific country) must have no impact on the GDP growth of the 

excluded country. However, this supposition is difficult to support. 

Moreover, the estimations of the models with the instrumental variables in Checherita-

Westphal and Rother’s (2012) analysis are very close to the OLS (panel fixed effects) 

estimations. The same problem is revealed if someone compares the estimations of their 

GMM techniques with those of OLS (see Table 4.5 and 4.6). These indicate either that debt is 

not endogenous or that these techniques fail to solve the endogeneity problem and so 

perhaps fail to identify correctly the debt thresholds.  

Kumar and Woo (2010) is another one paper that employs the multivariate growth 

regression to study the long-term non-linear impact of debt on growth. Their research 

focuses on 38 advanced and developing countries over the period 1970-2007. Their 

empirical findings, based on a variety of estimation techniques, indicate a strong linear 

inverse relation between initial debt and subsequent growth. Specifically, if the debt-to-GDP 

ratio rises by ten percentage point the annual real per capita GDP growth diminishes by 0.2 

percentage points per year in the sample of developing and advanced economies with the 

effect being lower in advanced economies. Regarding the non-linear relationship, a spline 

regression is used as it has the ability of integrating one or more knots (Marsh and Cormier, 

2002). They consider two externally-imposed thresholds at 30% and 90% debt levels by 

using dummy variables. They discover a nonlinear link when debt is quite high (above 90% of 

GDP). Only in that level a significant negative impact on growth for both advanced and 

developing countries identified.         

The baseline panel growth regression is as follows: 
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The dataset includes the years 1970-2007 which are divided to 8 non-overlapping five years 

periods.  

The term y stands for the logarithm of real per capita GDP; country-specific fixed effect and 

time-fixed effect are included;  Xi,t-τ integrates a set of economic variables analyzed below; 

Zi,t-τ  denotes the initial government debt (in percent of GDP). 

The vector X includes: human capital, to reflect the notion that countries with an abundance 

of it are more likely to have a greater ability to attract investors, absorb ideas from the rest 

of the world, and engage in innovation activities. Government consumption, initial trade 

openness, liquid liabilities, initial inflation as measured by CPI inflation, and terms of trade 

growth rates are also included. The vector X further comprises the fiscal deficit and a 

measurement of banking crisis episodes. The latter reflects discoveries that connect banking 

crises with simultaneously increases in public debt. Banking crises tend to also be 

accompanied by lower GDP rates. 

The estimation uses initial level of debt to avoid the reverse causality problem. That is, as 

already supported; low economic activity may result to high debt burden, instead of high 

debt reduces growth. However, the authors know that this method does not effectively 

address the endogeneity problem since growth and debt might be both defined by a third 

factor. The system GMM approach of Arellano and Bover (1995) and Blundell and Bond 

(1998) is considered to resolve the endogeneity in this paper. 

The 38 advanced and emerging economies included in the panel regression are: 
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This paper pays particular attention to a variety of estimation methodologies in order to (i) 

address for the many sources of biases, (ii) conduct the comparison of statistical significance 

of the coefficients between various methodologies and (iii) ensure robust results for the 

estimated coefficients. The methodologies are pooled OLS, between estimator (BE), fixed 

effects (FE) panel regression, and system GMM (SGMM) dynamic panel regression. 

The results from the baseline estimation are in Table 4.11 . 

 

 

Government debt is found to be negative under all the four estimation techniques and 

statistical significant. The values vary within -0.019 and -0.29. In Columns 2-4 time-fixed 

effects are not included. The authors claim that global factors may simultaneously affect 

both domestic growth and public debt and for that reason possibly bias the results toward 

finding a stronger relationship between debt and growth.  
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Debt under pooled OLS and SGMM is still significant but with a smaller (absolute) value, 

when time-fixed effects are included. It is thus implied that as the initial debt-to-GDP rises 

by a 10 percentage point GDP growth per capita is reduced by 0.2 percent.   

It is clear by the FE estimations of initial debt that the introduction of time-fixed effects 

alters the results significantly. The FE estimator regularly captures the within-country 

variations in contrast to cross-sectional variations of the other estimators. Thus, it is normal 

that the within-country variation is at a great degree diminished with the inclusion of time-

fixed effects.  

The OLS estimator is possibly biased upwards while FE estimators downwards. The 

consistent GMM should lie between the two (Bond, 2002). Consistency of SGMM is tested 

through 2 tests proposed by Arellano and Bover (1995) and Blunedell and Bond (1998). The 

first is a Hansen J-test that tests if the instruments are not correlated with the residuals.  The 

second (Arellano-Bond) tests the hypothesis that the error term εi,t is not serially correlated 

and find that the null hypothesis cannot be rejected. 

Several robustness checks are conducted to test the validity of the results. In one of these 

checks, they considered additional variables in the regression such as population size, 

domestic investment and a measure of fiscal volatility. The results remain broadly unaltered 

(Table 4.12). 

 

  

In columns 1-4 where they include the log of initial population, debt is negative and 

significant except for the FE estimator. Columns 5-8 include the initial domestic investment 

and the coefficients remain of the same sign and statistically significant at 5 percent level 
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(again the FE estimator excluded). Finally, in columns 9-12 a measure of fiscal spending 

volatility is included. Aggressive fiscal policy that is not being undertaken to mitigate 

business cycle fluctuations may induce instability and lower growth as supported by Fatas 

and Mihov (2003). Simultaneously, these fiscal policies may induce large debt buildup. In the 

context of these, they check whether too much fiscal discretion is a hidden cause for the 

negative debt-growth correlation. If that is right, the coefficient of initial debt must turn to 

insignificant or at least get smaller, when fiscal volatility is included. Yet, the results do not 

consent to this. The fiscal volatility estimations are not significant and also change size 

across estimations. On the other hand, the coefficients of initial debt continue being 

significant and their value is in general the same with the baseline estimations.    

Next, they continue to explore the nonlinearities. They include in the model interaction 

terms between initial debt and dummy variables to test three ranges of debt: “Dum_30” for 

debt below 30 percent of GDP; “Dum_30–90” for debt between 30 and 90 percent of GDP; 

and “Dum_90” for debt over 90 percent of GDP.  The model is as follows: 
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The coefficients of the low debt levels are not statistically significant and turn positive across 

FE and SGMM, as shown in Table 4.13 (Columns 1-4). Under the OLS, the coefficient of 

medium level of debt is -0.025 and significant at 5 percent. But, this coefficient is 

insignificant in all the other estimations. The high-debt coefficients are negative and 

significant under BE, OLS and SGMM and vary between -0.016 and -0.018. This means, that a 

10 percentage points increase in debt-to-GDP after the level of 90%, decreases subsequent 

growth by 0.16 to 0.18 percentage points.   

Kumar and Woo (2010) seek also to analyze possible differences between advanced and 

emerging market economies. They find evidence of smaller negative impact of initial debt on 

growth in advanced compared to emerging economies. Results shown in Table 4.13 

(Columns 5-8).  

They also wanted to explore the effect on growth as debt-to-GDP increases by a 10 percent, 

(or by any particular increase) given that debt initially lies at different levels (Table 4.14). 

Initially debt ratios are gathered in 4 groups: <30%; 30-60%; 60-90%; and >90%. Then they 

calculated the mean debt ratio for each group and in Row 2 the average estimated 

coefficient (from BE, OLS and SGMM) of interaction terms for every group. The impact on 

growth of a 10 percent increase in debt is found by the multiplication of the first two Rows 

by 10 percent. According to the findings, the higher the initial level of debt, the higher the 

adverse effect of a ten percent increase on growth. This applies not only for a 10 percent 

increase but for every specific proportionate rise in the debt to GDP ratio. In the examined 

case, a 10 percent increase in the debt ratio in countries with debt ratio above 90 percent is 

accompanied with a decline in growth of around 0.19 percent. The same increase applied to 

the 30-60 percent group is accompanied with a decrease in growth of around 0.11 percent.  

We note that this findings do not change if debt groups differ and also that they are very 

close to those estimated in columns 1-4 of Table 4.13. 

 

 

 



49 
  

As Kumar and Woo (2010) experiment with various estimation techniques, they claim that 

the system GMM helps them to resolve endogeneity. Yet, the findings of their linear effects 

have been called into question, largely because system GMM estimations are close to those 

received with pooled OLS regressions. To see this, check columns 2 and 4 and 5 and 7 of 

Table 4.11. In particular, system GMM estimates have a greater value than the OLS 

indicating that debt is not subject to endogeneity or system GMM does not address this 

issue. Against this background, it has been already argued in the ‘Methodological Issues’ 

subsection, that the GMM estimators have been proved inappropriate in solving the 

endogeneity problem and are generally not suitable for the macroeconomic datasets. 

The SGMM and OLS estimations concerning the non-linear relationship have also some 

problems. In Table 4.13 Column 4, the coefficients of medium initial debt (30-90%) and high 

initial debt (over 90%) are identical and both equal to -0.018.  They only differ in their 

statistical significance; β2 is insignificant and has a t-statistics of 1.24 (with a p-value of 0.22) 

and β3 is marginally significant with a t-statistics of 1.78 (with a p-value of 0.08). A t-test of 

β2=β3 will not reject the null of equality, which means that the existence of a non-linear 

impact of debt on growth is rejected. Τhe OLS regressions (Column 2) complicates the non-

linearity hypothesis even more as both β2 and β3 are statistically significant and |β2|>|β3|.  

To sum up, the spline regression employed in this analysis must be examined with a critical 

eye. While more flexible than the quadratic function of Checherita-Westphal and Rother 

(2012), it is also arbitrary as the number and cutoff of the knots are selected to produce the 

maximum fit of the model. So, the findings of Kumar and Woo (2010) do not provide clear 

proof of a non-linear relation between debt and growth.  

In spite of different sample periods, country coverage, control variables, modelling of the 

nonlinearity and choice of moment conditions for identification, the above researches 

broadly end up on the same findings. That is, when debt-to-GDP passes the 90% threshold, 

debt and growth are negatively linked. Yet, as Panizza and Presbitero (2013) claim, the 

results are sensitive to small changes and outliers in the dataset. More importantly, the test 

hypotheses on coefficients of the pairwise linear terms are rejected which finally constitutes 

rejection of the statistically significance of the change in the coefficient beyond the 

threshold. 

 

5. Robust thresholds at different debt levels  

The researches so far, confirming the Reinhart-Rogoff outcome of the 90% public debt level 

over which economic performance reduces considerably, argued in favor of debt reduction 

to boost long-run economic activity. But a different part of literature emerged calling the 

one-size-fits-all number of the 90% into question. The threshold can be lower or the non-

linearity may alter depending on the various samples and specifications employed. In this 

section we discuss the papers which find a robust negative non-linear link between debt and 

growth but with the debt-to-GDP thresholds lying elsewhere than the 90 percent level. 

Sulikova et al. (2015) use the dynamic panel data model that has the advantage of 

investigating the nonlinear effect of debt-to-GDP increase and decrease on economic growth 



50 
  

at the same time. Through their model they find that debt-to-GDP decrease and GDP growth 

are linearly connected. Simultaneously, they find that the relationship between the debt-to-

GDP increase and GDP growth is determined by an inverted U-shaped curve with the top at 

64% debt-to-GDP ratio. They choose to analyze 13 EU countries: Austria, Belgium, Denmark, 

Finland, France, Germany, Greece, Italy, Netherlands, Portugal, Spain, Sweden and United 

Kingdom in the time period: 1993-2013. 

Sulikova et al. study the impact of the government debt on economic growth through the 

estimation of a growth equation of the type of an inverted U-shaped curve. Theory suggests 

that in the part of the inverted U-shaped curve that increases the multiplication effects of 

the government outcomes dominate and speeds up the economic activity. In the part that 

decreases public debt decelerates the economic activity. Yet, from a practical perspective 

we wonder whether the economy policy focused on either promoting economic growth or 

austerity policy to decrease the public debt does really trace the same trajectory and so, 

whether the estimated inverted U-shaped curve parameters are of the same values in both 

regimes. Therefore, we focused our research on revealing and quantification asymmetries 

between both the debt increase and debt reduction impacts on economic growth. 

The independent variable is real GDP per capita growth. They focus exclusively on short term 

impact of debt on economic activity and so they use the annual growth rate. The list of 

regressors are : (i) log of real per capita GDP to preserve the convergence tendency; (ii) 

annual population growth to catch population driven economy growth; (iii) gross domestic 

savings as a prevailing financial source; (iv) gross fixed capital formation as a proxy for 

physical capital; (v) average length of total schooling (in years) as a human capital measure; 

(vi) age dependency ratio (percentage of working-age population) to catch the productivity 

of the labour force and financial burden evoked by ageing of the population; (vii) economy 

openness computed as (Import + Export)/GDP assuming to have a significantly positive 

effect on GDP growth in panel data growth models as estimated by Baum, Checherita-

Westphal and Rother (2013); (viii) inflation given as Consumer Price Index (annual, %).  

Given the existence of endogeneity of debt they make the estimation in 2 steps. They first fit 

the debt panel data by regressing on all available regressors lagged by 1 period and replaced 

the original debt panel by its fit. They do this to address for the endogeneity bias caused by 

reverse causation. Then, they estimate four kinds of panel regressions using dummy 

variables indicating both regimes of the (fitted) public debt increase/decrease:  

(i) traditional Fixed Effects panel data model; 

(ii)  Fixed Effects model using instrumental variables to minimize potential 

endogeneity bias;  

(iii)  Fixed Effects Instrumental Variables model with lagged GDP growth to capture 

dynamics ;  

(iv)  Alternative Dynamic Instrumental Variables model using GDP gap and US 

growth as the additional variables instead of production function proxies given 

in previous models. 

The growth equation is: 
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They try to address endogeneity by setting the explanatory variables lagged by one period 

relative to the explained GDP growth. 

The dummy variables through which they distinguish the two regimes are defined below. 

DP
(.) signifies the increasing debt-to-GDP regime, while respectively DM

(.) signifies the 

decreasing debt-to-GDP regime.  

. 

The panel data model is estimated (Table 5.1). 

In each kind of estimation method, the signs of the estimated coefficients of debt are as 

expected. As debt grows the debt-growth relationship is described by an inverted U-shaped 

curve, while as debt reduces the debt-growth relationship is described by a line that 

declines. So, the debt vs. economy growth relationship modelling is robust across all the 

modifications of the proposed panel regressions. In Figure 5.1, they present the graph of the 

evolutions of these two relationships. 
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The good robustness of the results can also be demonstrated by the graphs as the locations 

and shapes of the curves are quite similar. The authors choose the DFEIV model to use for 

their conclusions as it is a predominant functional form in similar research works.  

A linear relation is detected when we analyze the decreasing direction of debt-to-GDP.  

When we look the debt-to-GDP path as it increases, a non-linear relationship is being 

unveiled. The non-linear relationship is represented in the graph by an inverted U-shaped 

(parabola) form. Within the economic cycle, the debt-to-GDP vs. GDP growth data oscillate 

along the closed shape bordered by debt-to-GDP ratios given as the intersections of the line 

and parabola (i.e. 53% and 113% of the debt-to-GDP). The peak of the U-shaped curve is at 

64% of the debt-to-GDP ratio indicating that if debt increases above this level it affects 

growth negatively. Increases in debt beyond the 113% level cause debt trap problems to a 

country. At that level, the parabola and the line start to diverge, as the parabola’s tail follows 

another direction towards large debts and negative economic growths. Even a consolidation 

of public finances (see the mutual positions of the line and parabola below the 113% level, 

Figure 5.1) is connected with negative economic growth and rather instability of the 

economy given by obvious line and parabola divergences. Although, if the country, having 

debt-to-GDP smaller than 108% (threshold given by the zero GDP growth), recognizes an 

abrupt decline in GDP growth even in the case of the expansionary fiscal policy, it is still 

possible to maintain the sustainable economy growth by performing austerity. 
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According to the authors the estimated line and parabola following the evolution of the 

relation between debt-to-GDP and GDP growth leads to some deductions. Firstly, as a 

country reduces its public debt, a downward line is formed by the data, i.e. debt is on a 

decreasing path and GDP growth increases. Secondly, as debt-to-GDP increases, the data 

reveal a threshold at 64% debt-to-GDP below which GDP increases. Beyond this, GDP growth 

starts to decline. Furthermore, below the 113% debt-to-GDP ratio, data freely oscillate along 

line and parabola. Yet, as debt rises to 113%, fiscal policy measures severely impair growth. 

 

The analysis of Caner, Grennes and Koehler-Geib (2010) confirms the non-linear relationship 

by applying a Panel Threshold Methodology based on a yearly dataset and finds the 

threshold of the debt-to-GDP ratio where a positive relation becomes negative. The dataset 

draws from 101 developing and developed countries over 1980 to 2008. Their econometric 

studies point out that a country coverage matters substantially for the threshold effect. In 

contrast to the Reinhart-Rogoff 90% debt threshold, they find that the tipping point is at 

77% for the full sample. The estimation for the developing economies is found lower at 64% 

debt-to-GDP where each additional percentage point in public debt ratio decreases annual 

real growth by 0.02 percentage points. 

The dataset (1980-2008) is as follows:     

 

 

 

The methodology draws on the already mentioned threshold regression technique following 

Hansen (1996, 2000). The threshold regression model that has to be verified in order to 
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estimate the threshold in the relationship between the long-run average public debt-to-GDP 

ratio and long-run average growth is the following: 

  

Y stands for the long run average real growth rate and X the long run average public debt-to-

GDP ratio. W represents the control variables: log of initial GDP per capita, trade openness 

and inflation. Public debt ratio is the general government gross debt to GDP.  

The term 1 equals one if each one condition is satisfied, otherwise zero. The unknown 

threshold value λ and the coefficients β0,1 through β2,2 are estimated with the threshold LS 

method of Hansen (2000).  

The existence of thresholds is tested through the null hypothesis that the slope coefficients 

and intercepts are the same in both regimes. It is tested by using the heteroscedasticity-

consistent Lagrange multiplier test of Hansen (1996). 

Caner et al. address endogeneity in their approach through this procedure: Estimations are 

repeated adding initial debt/GDP to control for omitted variables bias and reverse causality. 

The findings do not change qualitatively manifesting the same threshold values and also 

minor changes of the coefficients in both regimes. 

The results for a set of 79 countries (initial GDP data were unavailable for 22 countries) 

suggest that the threshold level of the average long-run public debt-to-GDP ratio is 77.1 

percent (Table 5.3).  
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Above this 77.1% level, one percentage point increase in the ratio of debt-to-GDP is 

associated with 0.0174 percentage points decrease in annual average real growth. Under 

this threshold, further increases in debt causes growth to increase. This result support the 

view that at low debt levels and as debt-to-GDP ratio rises (up to a point), credit constraints 

remain loose and the country has the potential to use the extra resources and devote them 

to fund more for investment. 

Next, they perform the estimation for a group of 55 developing countries (reduced due to 

the lack of data on initial GDP) and find that the threshold differs between the developing 

group and the mixed set of 79. For the subsample of developing countries the debt 

threshold is 64% (Table 5.4). The absolute value of the impact of debt going over this 

threshold is somewhat larger than in the mixed set of countries (-0.020). The difference 

between the two groups implies that developing countries face growth rate problems at a 

lower debt to GDP levels.  

 

 

 

The authors then try to assess the cost on the GDP growth of persistent violations of debt 

threshold levels for each country. In this way, they wanted to see what the estimated 

coefficients imply with regard to quantitative impact of public debt on growth. In Table 5.5, 

they conclude that it is costly in terms of GDP growth if debt stays at elevated levels for an 

extended period of time.  Nicaragua demonstrates the most severe impact as the average 

annual real growth rate could have been 4.7 percent higher had debt been at the 64 percent 

debt threshold for developing countries.  
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Caner et al. afterwards estimated simple pooled least squares regressions (with 

heteroscedasticity-corrected errors) for subsamples above and below the estimated 

threshold of Reinhart-Rogoff. They used the same 20 industrial countries, but general 

instead of central government debt and a shorter period. They run first a regression for the 

group of countries with debt levels of at least 90 percent (Table 5.6).  The second group 

includes debt ratios below 90 percent. They found a regime switch as Reinhart-Rogoff 

suggested. However, when they repeat the two regressions for the 60% debt threshold, they 

also found a regime switch (Table 5.7). The difference between slope coefficients for the last 

case is modest in comparison to the 90 percent threshold. But a regime switch found also 

when considering the 60% debt threshold can be indicative that the Reinhart-Rogoff 

methodology does not deliver clear threshold levels. These results should be taken with 

some skepticism as there is an indisputable need for controlling for other determinants in 

the regressions.  
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Altogether, this paper provides an evidence for rejecting the 90% debt-to-GDP ratio above 

which the negative impact on growth appears in favor of the much lower 77 percent. Also, 

they found that the threshold value decreases to 64% as high-income countries are 

exempted from sample. The authors finally claim that as the debt ratio surpasses the 

threshold for a couple of years its long-term growth need not suffer. But if debt explosions 

keep them above the thresholds for an extended period, economic activity is severely hurt.  

Elmeskov and Sutherland (2012) studied the impact of public debt on growth across the 12 

countries by estimating a simple growth regression and over the time period 1965-2010. 

They used the OLS methodology and the Hansen (1999) bootstrap to identify the possible 

debt thresholds. The countries were: Austria, Belgium, Canada, France, United Kingdom, 

Italy, Japan, Korea, Netherlands, Norway, Sweden, and United States. 

The results (Table 5.8) suggest that there may exist two debt thresholds above which the 

impact on GDP growth becomes more important. The lower debt threshold is estimated at 

45 percent and it is statistical significant at 10 percent level and the higher at 66 percent of 

GDP and it is statistical significant at 5 percent level (estimated value: -0.1). The authors 

suggest that the threshold were quite robust as they exclude sequentially each country, 

estimate again the relationship and found the same results.  

However, Elmeskov and Sutherland claim that their findings might be subjected to mistakes 

due to a number of estimation biases stemming from the dynamic nature of the model. 
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6. Doubting the non-linear relationship and threshold existence 

Despite the robustness of the results of the previous empirical researches on the actual debt 

threshold, the matter of controversy might not be where this level lies but rather if any such 

a threshold exists in the first place. A negative non-linear relation and the threshold effects 

between public debt and growth should not be taken for granted. Indeed, nonlinear effects 

might as well not exist or if they exist they are possibly complicated and so modelling them 

might be more problematic than what has been considered so far. It is equally possible that 

nonlinear effects might be unstable and change over time, across countries, economic 

conditions or under any other unknown condition. The papers analyzed in this subsection 

come to different result than the papers so far. Here, the researchers cannot find robust 

evidence of the non-linear link between public debt and growth and argue that there is great 

uncertainty and ambiguity around this issue. 

Égert (2013) uses the Reinhart and Rogoff (2010) dataset relying on descriptive statistics as 

well as on a formal econometric testing to see whether public debt has a negative non-linear 

effect on growth when debt exceeds 90% of GDP. By using descriptive statistics he found a 

weaker real GDP growth when the central government debt-to-GDP ratio passes the 30% 

threshold but no further considerable slowdown to growth for the debt-to-GDP ratios over 

60% and 90% for the periods 1790-2009 and 1946-2009.  He also studied the existence of 

nonlinearities and threshold effects for a group of 20 developed economies over the period 

1790-2009 and 1946-2009 by using an endogenous threshold model. The estimated 

thresholds found generally much lower than 90 percent. According to his analysis, the 

negative association may set in at 20% of debt-to-GDP. More or larger thresholds seem to 

exist but their significance is largely unstable. Regarding the general government debt the 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
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threshold above which the negative link appears is at about 50%. Overall, he showed that 

the negative non-linear relationship is not very robust as it is extremely sensitive to small 

changes in data frequency, and changes in the assumptions on the minimum number of 

observations included in each regime. Égert concluded that the evidence for the presence of 

non-linearities and thresholds effects is not as strong as commonly thought. 

At first, Égert, experimented with the same data and methodology of Reinhart and Rogoff 

(2010) and reproduced their results in order to see how debt and growth are correlated. 

There was one difference between the two data series: Égert’s data keeps out Ireland and 

includes Switzerland. We remind that Reinhart and Rogoff used descriptive statistics and 

argued that high levels of debt, beyond 90%, have a detrimental effect on real GDP growth.  

Specifically, the mean value of GDP growth diminishes from more than 3% to -0.1% as public 

debt-to-GDP ratio increases from below 30% to over 90% for twenty advanced economies. 

However, as claimed by Herndon et al. (2013), the average annual growth rates were 

miscalculated (Table 6.1). Égert’s (2013) calculations matched those of Herndon et al.:  the 

economic growth is indeed lower if debt goes over the 90% threshold of GDP, though no 

dramatic drop in real GDP growth occurs at these levels. 

  

Égert also computed the 10-year non-overlapping averages for real GDP growth, as he claims 

that yearly data may be just too noisy to unveil the thruth. The averages of these multiyear 

averages, indicate that GDP growth does not drop at high levels of public debt. Lower 

growth appears when public debt is above 30% of GDP but then growth increases as debt 

increases. This also holds when the lagged level of central government debt is taken into 

account.  

The Reinhart and Rogoff dataset allows computing the annual growth averages for larger 

periods for some countries. They are calculated for the years 1790-2009 (Table 6.2). 

 

 

 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
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Here, there seems to exist the same small negative correlation between debt and annual 

average growth for the years 1790-2009 as GDP growth diminishes continuously from 4% to 

2.2% when government debt increases from below 30% to beyond 90% of GDP. Considering 

lagged government debt growth reduces from about 3.5% to below 3% with debt exceeding 

60% of GDP. There is no large reduction beyond 90% of GDP. Basically, regarding the period 

1790-1939 growth increases beyond the 90% threshold. 

The calculations were made once again taken into account this time the general government 

debt as a measure for public debt and time period 1960-2009 (Table 6.3). Égert calculates 

the difference between the two public debt series and shows that it can be sometimes very 

large. 

 

 

Average annual real GDP growth rates diminish gently from 3.3% to 2.8% with general 

government debt rising up to 90%, but then it falls to 1.9% as debt exceeds 90% of GDP. 

When growth is computed relative to the (one year) lagged general government debt, 

growth exhibits no correlation to the increasing of general government debt at lower debt 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793


62 
  

levels (specifically up to 90%). At higher levels there is some small decline. The same repeats 

when employing 10-year averages of GDP growth. A smooth decline in growth occurs as the 

general government debt rises from one level to another for the lower debt levels and a 

slightly larger between the two last debt levels. When he uses lagged general debt, a one 

percentage point decrease in GDP growth is spread when moving from 30%-60% to above 

90% of GDP. 

Next, Égert (2013) attempts to discover the thresholds endogenously employing the Hansen 

(1999) testing procedure. He employs a simple bivariate threshold model, where the impact 

of debt on growth is based on the level of debt. At first, a linear model is compared to a two-

regime model. Through the testing procedure, one of the two models is rejected. If the 

linear model is rejected, then afterwards the two-regime model against the three-regime 

model is tested. 

The specifications are following:  

 

 

T stands for the debt threshold value in the two-regime specification, while T1, T2 are the 

lower and upper debt thresholds respectively in the three-regime specification. In order to 

detect the threshold variable they search the value that makes the SSR of the estimated 

model the minimum possible.  This is accomplished through a grid search procedure with 

steps of 1% of the distribution starting at 20% until the 80% so as to assure that a large 

enough number of observations are included into each regime. But they also experiment 

with alternative parametrizations (30%, 10%, 5% and 1%).  

The three-regime model is estimated based on two threshold values of the threshold 

variable that minimize the sum of squared residuals across the estimated models. The 

threshold from the two-regime model is held fixed and a grid search is used to identify the 

second threshold. We impose the restriction that the two thresholds should be separated at 

least by 10% of our sample observations. When the second threshold is identified, a 

backward grid search is performed to identify the first threshold as suggested by Hansen 

(1999). 

Then he performs the sequential testing of the models. Hansen (1999) tests the null 

hypothesis of β1=β2 from equations (6.1a) by using a likelihood ratio test. Given that the 

likelihood ratio test statistic does not follow a standard asymptotic distribution as the 

threshold value is not identified under the null hypothesis, the distribution of the test 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
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statistic is obtained through bootstrapping with random draws with replacement. The 

bootstrap is carried out through 500 replications. If the likelihood ratio test statistic rejects 

the null hypothesis of the linear model against the two-regime model (on the basis of the 

bootstrapped critical values), the three-regime rather than the two-regime model is then 

analysed. This bootstrap procedure is applied to the two-regime and three-regime models. 

In line with the literature, Égert uses lagged public debt-to-GDP in order to ensure that 

lagged debt influence (subsequent) growth rather than the other way round; specifically 

employing the central government debt at first. The estimations were made for the time 

period 1790-2009 and are presented in Table 6.4. These unveil a negative nonlinear 

relationship. However, it is not clear if this nonlinear association concerns two or three 

different regimes and the exact debt thresholds’ values. 

 

 

This is due to the minimum number of observations that are included in the outer regimes: a 

two-regime model is identified when 30% of the observations are allowed in one regime and 

the debt threshold lies at 30 percent of GDP. If the minimum number of observations falls to 

1%, the model reveals the existence of three regimes with debt thresholds of 4% and 90%. 

Clearly, the lower the minimum number of observations in specific regimes, the higher the 

probability that a very low or very high threshold is picked.  At the same time, the results 

might not be right because they will be more sensitive to outliers. 

The coefficients are negative in the high-debt regimes (from -0.006 to -0.009) but they are 

lower than the negative coefficients estimated for the low and middle debt regimes (-0.018 

to -0.022). This means that the negative relationship between debt and growth decreases as 

debt rises. Égert re-estimates the model using as independent variable the (lagged) rate of 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
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growth of the central government debt. The threshold variable remains the lagged public 

debt-to-GDP ratio. The new findings appear to be steadier. According to the bootstrapped p-

value the linear specification and the two-regime model are always rejected in favor of the 

three-regime specification. The lowest threshold tends to lie at around 20% of GDP and the 

highest at approximately 60% of GDP, implying that in principal the government debt value 

over which GDP is related to lower growth is around 20%. Though, the estimations of the 

upper debt regimes exhibit in all -but one-case still smaller values than the ones 

corresponding to the middle debt regime; this clearly contradicts the findings of Reinhart 

and Rogoff. An exception appears when the minimum number of observations is set at 1%. 

The upper threshold rises to 150% of GDP and the related estimation is -0.242. 

The estimations were reproduced for the period 1946-2009. The results, summarized in 

Table 6.5, are generally in agreement to the previous findings. In general, the negative 

relationship appears at the threshold of about 20% of GDP. There exist another one at about 

60%. However, in the latter case the coefficients are higher below this threshold than above 

it. The estimations are again carried out through the growth rate of (lagged) government 

debt as a nonlinear variable. A debt threshold is identified at 20% of GDP. After this, a 1 

percent increase in central government debt produces a 0.04 percentage point lower 

growth. The results also reveal one extra debt threshold, lying between 55%-130%, where 

the negative association is even larger. 

The central government debt was then replaced by general government debt as it is a more 

relevant measure for policymakers. In this case the two-regime specification prevails over 

the linear model. Moreover, in a few instances the three-regime specification seems to be 

valid (Table 6.6). 
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In the upper case of Table 6.6 it seems that the thresholds are very susceptible to the 

parametrization of the threshold models and their values vary from 50% - 90% of GDP. A 

significant negative relationship appears at 45-50% of GDP when they employ the lagged 

rate of growth of debt as the nonlinear variable. Estimations on central government debt 

validate these findings although they are more uncertain (Table 6.7). The negative debt-

growth correlation kicks in roughly in between 30% to 70%. Going beyond this, a one 

percent change in central government debt slows down growth by 0.04 – 0.12 percentage 

points. 

So far, he has taken for granted that the debt-growth relation was homogenous across 

countries, which means that the same slope coefficients and debt thresholds apply for the 

20 countries of the Reinhart-Rogoff dataset. But, this seems very restricting. It seems more 

possible that debt affects economic growth differently in each country. Thus, he also 

estimates country specific threshold models on the Reinhart-Rogoff dataset to assess 

possible country-specific nonlinearities. 
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The results (Table 6.8) highlight a large amount of cross-country heterogeneity. First of all, a 

robust negative nonlinear relationship holds only for: Belgium, Finland, Germany and the 

United States. The negative relation appears at extremely low levels, roughly in less than 

30% of GDP. Furthermore, not surprisingly, the negative values differentiate a lot across 

countries a lot: a small value in comparison to the other countries is detected in the case of 

Belgium while a larger for Germany and the US. Second, for the group of Austria, Canada, 

and Ireland, there is a large degree of uncertainty around the level of public debt beyond 

which the negative relationship sets in. This level lies between 30% and 70%, as it is sensitive 

to the minimum number of observations selected in one regime. Third, no nonlinear 

relationship is found in Australia and Spain. In these two countries, not even a negative 

linear relationship is found. Fourth, in Denmark, Italy and Japan, even though the presence 

of nonlinearity can be detected, this relation is positive in the high debt regime. Finally, in 
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the rest of the countries, whether public debt has a negative or positive link with real GDP 

growth above a certain level of the central government debt-to-GDP ratio depends on the 

minimum number of observations required for individual regimes. These results show that 

the non-linearity between debt and growth is weak. The author claims that these 

instabilities may be due to nonlinear effects changing over time within countries and 

economic conditions. 

Égert concluded that overall the negative non-linear relationship is extremely unstable. This 

means that the stylized fact that public debt beyond 90% considerably hurts economic 

growth is a statistical fallacy. His results show that the negative impact may occur at 

considerable low debt levels. If debt causes lower growth at low public debt levels, then this 

could be an argument for reexamination of some important fiscal policies such as the rather 

arbitrary Maastricht debt level of 60% of GDP.     

However, in this paper exists one important problem that should be noted and taken into 

consideration: the simple correlations above may suffer from the omitted variable bias given 

that there are variables correlated with both debt and growth which are not included in the 

regressions.   

 

 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=516793
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Pescatori, Sandri and Simon (2014) used a novel empirical methodology and a sizeable 

dataset on advanced economies and concluded that there is no proof for any clear debt 

threshold above which medium-term growth prospects are dramatically hurt by a marginal 

increase in debt-to-GDP ratio. 

The list of countries is given in Table 6.9. Public debt ratio is defined as gross government 

debt to GDP ratio.  
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Table 6.9 

Data Coverage 
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The authors look at the relationship between today’s stock of debt over GDP, bt, and GDP 

growth in the next h-years git(h)=yt+h/yt. They implement both short- and long-term episodes 

of GDP growth. By implementing long-term episodes they try to weaken the reverse 

causality effects induced to debt in the short run by economic booms or recessions.  

They check the episodes where debt increased over a threshold τ. The starting date of a 

raising debt episode is considered the first year in which the debt-to-GDP surpasses x 

percent, conditional on the ratio being below x percent in the last years. Then they look at 

the real GDP growth per capita over the following h years, where h belongs to [1, 5, 10, 15]. 

They allow countries to have multiple, but not overlapping, episodes. The actual conditions 

that have to been followed are described below: 

   

Some important features of their methodology are worth noted. First, their approach 

considers a broad range of debt thresholds. Second, they study the episodes of the way each 

country grows for a particular period of time no matter the final level that debt reaches and 

not only the time debt stays over a given level. By doing this, they avoid a particular 

truncation problem that appears if they consider when they define the end of an episode 

according to the level of debt. Concentrating only on the cases when debt exceeds a 

particular threshold is problematic. So, they concentrated on the time periods when after 

debt had risen beyond a particular threshold, then countries managed to diminish it.  Of 

course, also on the periods when debt is beyond a particular threshold, which is the case 

usually included in the studies. Third, each country is represented only by very few episodes. 

This is a consequence of eliminating overlapping episodes and allowing that each episode 

starts when debt passes a particular threshold from below. These episodes are pooled 

together and weighted equally when computing averages. The methodology R&R (2010) had 

employed, concentrating on the contemporaneous debt-growth link had the outcome that 

some countries vastly outnumbered others. If these observations are weighted differently it 

may cause significantly different conclusions. Fourth, unlike the growth regressions used 

widely, their specification is advantageous as it does not impose a linear or any arbitrary 

polynomial specification. 

The analysis starts by concentrating on the short-term debt-growth relation. Figure 6.1 

presents the average real GDP growth rate per capita in the year after the debt-to-GDP ratio 

passes a particular threshold, i.e. h=1. The exclusion window for episodes is based upon 

h=15 for consistency reason as later they examine longer time-horizons. This does not 

change the result of a huge reduction in growth beyond the 90% threshold (Figure 6.1). The 

Figure reveals the same result as R&R (2010). GDP performance is considerably poor at the 

year after the debt-to-GDP ratio hikes beyond 90 percent. Specifically, GDP growth averages 

round 2 percent in countries having debt below 90 percent, and rolls to about -2 percent in 

countries whose debt ratio rises above that level. Simultaneously, the inter-quartile range 

across all episodes indicates the diversification of the GDP performance of the countries 

where debt increases beyond 90%. As already mentioned, when h is set equal to 1, the 
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causal relation between debt and growth might not been unveiled. And so, the problem of 

reverse causation might remain in these results and blurs them. 

 

The authors explain this as a country entering a state of distress beyond the 90% that leads 

economic activity to drop. At the same time it could be the case that debt expansions 

beyond this threshold are the consequence of an omitted variable that decreases GDP and 

tax revenues which subsequently further increases debt.  

Also, it is noted, that the wide inter-quartile range indicates that the findings are somewhat 

sensitive and affected by outliers. The case of Japan is referred as a characteristic case. The 

debt-to-GDP ratio increases from 133 percent in 1943 to 204 percent in 1944, and the 

subsequent growth in 1945 was -50%. This results to a particular large decrease in the 

average growth for debt thresholds beyond 135 percent of GDP. 

Then, Pescatori, et al., extend the horizon of analysis so as to attenuate the reverse causality 

bias and potential omitted variables problems. This further addresses the problem of 

outliers, such as Japan. 

In Figure 6.2 one can see the growth performance of the same episodes over longer horizons 

of h= 5, 10, 15. Compared to the case where h=1, the growth performance gets particularly 

better even when measured at a 5-year horizon. The improvement is clearer if we notice the 

horizons of 10 and 15 years. But, the most interesting result is that now seems to be no 

obvious debt-to-GDP threshold beyond which growth decreases harshly, although higher 

debt is still related to lower growth. They find no proof of any threshold effects over these 

relatively longer time horizons. According to this, the prima facie case for debt thresholds 

fades away.  
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The absence of a long-run debt-growth link might be driven by the fact that the debt-to-GDP 

ratio drops quickly after crossing high levels. They tried to test this case; results are 

illustrated in Figure 6.3.  
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The Figure 6.3 reveals that the hypothesis is not right. The average-debt-to-GDP ratios 

during the 1 until 15 subsequent years is showed, for any given debt threshold on the 

horizontal axis. It is obvious that, whereas the debt ratio tends to reduce at particularly high 

levels, the process is extremely smooth.  

Next, they recalculate using a different measure for the GDP growth rate as a robustness 

check. The episodes they have checked happen throughout the 20th century. In that period 

mean growth varies considerably from lows during the 1930s to highs during the 1950s. So, 

the results may be misleading. Instead they compute for each episode the relative growth 

GDP measure: git(h)-ḡt(h) rather than the absolute average growth rate. The term ḡt(h) is the 

mean growth rates for all economies over the same episode and it holds that ḡt(h) = (1/N)Σ 
yit+h/yit. Results are in Figure 6.4. 

 

 

The computations show that highly indebted economies behave very similar to their peers. 

Excluding the lower debt layers, no great differences (in particular no more than 0.5% 

annually) exist. As in the previous case where the absolute simple growth rate was used, 

here it also clear that there is no unique debt threshold after which growth diminishes 

considerably. On the contrary, at higher debt levels the link is rather weak between debt and 

medium-term growth. 
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Next, as an additional robustness check, they repeat the computations for the growth 

performance from 5 -15 years after passing a specific debt-to-GDP value (Figure 6.5).  

 

In this way, the first 5 years of each episode are eliminated as they could be contaminated 

by reverse causality. In their sample they find that growth (of one year) and the subsequent 

are little correlated. 

But, when they regress growth at t+5 on growth at t the estimation is not statistically 

significant. So, as they remove the first 5 years, they exclude the automatic stabilizers 

impact and the serial correlation that may produce spurious correlations in the short-term. 

The left hand side of Figure 6.5 represents the average growth rates in absolute terms, git, t+5 

(10)=yt+15/yt+5. The right hand side uses the growth rates in respect to the average growth 

rate in advanced economies, git, t+5(10)-ḡt, t+5(10). 

The elimination of the first 5 years leads to an even more flat association as presented in the 

charts. 

Pescatori, Sandri and Simon (2014) reached to the conclusion that no magic debt level exists 

beyond which growth performance in the medium-run is extremely impaired. In opposition 

to this, the link between high levels of debt and growth becomes weak if someone looks at 

any but the shortest-term period, particularly when considering the average growth 

performance of country peers. 

The authors remind, however, that even by limiting the short-term reverse causality 

problems, their results are still subject to potential endogeneity as in previous empirical 

studies. The results cannot provide a formally established firm causality. Therefore, anyone 

should be careful before drawing policy implications.  

Eberhardt (2013) employed time series methods to specify the existence of nonlinearities in 

the long-run debt-growth relationship from a new angle. He tried to do this by investigating 

whether linear or various nonlinear specifications of the debt-growth relation define ‘long-

run equilibrium relations’. His analysis comprehends 4 countries (United States, Great 

Britain, Sweden and Japan) covering a time period of over two centuries. They end up 
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finding little indication for long-run nonlinearities between debt and growth, which implies 

that the equilibrium debt-growth relationship is different for each one of these countries. 

Thus, the argument for a common 90% or indeed any common debt-to-GDP threshold loses 

its power. 

Eberhardt works with two specifications to model the hypothesized nonlinearity due to their 

demonstrated practicality: in addition to the linear model (Model 1) he uses polynomial 

specifications which include linear and squared (Model 2) or linear, squared and cubed 

(Model 3) debt-to-GDP terms (in logarithms). Secondly, he adopts piecewise linear 

specifications where the debt-to-GDP ratio (in levels) is divided into two variables made up 

of values below and above a specified threshold, which is treated as exogenous. He 

considers three threshold values for Great Britain: 90, 70 and 50 percent. For the United 

States and Japan he considers only the 50 percent threshold as there are not many 

observations above the two other thresholds. He does not apply the threshold model for 

Sweden, as its debt observations do not serve for this purpose.   

The polynomial specifications are:  

 

The terms y is per capita GDP, x is the debt-to-GDP ratio (both in logarithms), α0 is an 

intercept, t is a linear trend term with parameter φ and εt is white noise.  

The threshold model specification is: 

 

The public debt is defined as the total gross central government debt comprising domestic 

and external debt. For the Great Britain the series refer to net rather than gross central 

government debt. Data covers two different time periods; for the US, Britain and Sweden 

the series start in 1800, for Japan in 1872-all series end in 2010. The author conducts 

summability, balance and co-summability tests for an additional dataset of 23 countries –

mainly OECD as well as some of emerging- (for various time coverages) as a robustness 

check.  

In his analysis, he does not regard the direction of causation, justifying it as the causation 

not affecting the statistical validity of his findings. Ex post, having concluding that nonlinear 

(or linear) long-run relations do not exist, he claims that the standard empirical 

specifications of thresholds or polynomial functions analyzing the debt-growth nexus so far 

are extremely wrongly defined and the causal interpretation attributed to these studies is 

incorrect. 
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Before reporting the findings some methodological issues are necessary to be mentioned. 

No one doubts that the concepts of integration and cointegration have been and still are 

very useful in time series econometrics. In the existence of a non-linear model with 

integrated variables a number of difficulties arise when using conventional time series 

analysis. Which is the order of integration of these non-linear transformations? Such a 

question does not have a clear answer since the definitions of integrability do not properly 

apply. Integration is a linear concept. The order of integration is valid to characterize linear 

processes; but it is not appropriate for non-linear worlds. 

Furthermore, defining multivariate non-linear models as balanced or not turns out to be 

rather complex. Unbalancedness is a characteristic of a misspecified model, a feature that 

more frequently appears when managing non-linear transformations of persistent variables. 

In linear structures, the integrability notion performs well dealing with balanced/unbalanced 

relations. Yet, in non-linear setups, the absence of a comprehensive quantitative measure 

complicates testing the balancedness of a postulated model.  

For these reasons, extensions of the linear concepts of integration are required to generalize 

to non-linear setups. Gonzalo and Pitarakis (2006) faced these problems and were the first 

to introduce, in a very heuristic way, the idea of ‘order of summability’ of a stochastic 

process while dealing with threshold effects in co-integrating regressions.  

Berenguer-Rico and Gonzalo (2013, 2014) further developed the notion of order of 

summability as: “a summary measure of the stochastic properties-such as persistence-of the 

times series without relying on linear structures”. They showed that integrated time series 

are particular cases of summable processes, in the sense that the order of summability is a 

more general concept than the order of integration. Therefore, summability is a 

generalization of integrability. Subsample estimations construct confidence intervals to 

establish inference. 

Furthermore, summability does not only characterize some properties of univariate time 

series, but also allows to easily study the balancedness of a postulated relationship —linear 

or not. And even more important, nonlinear long run equilibrium relationships between 

non-stationary time series can be properly defined. In the same way integration constitutes 

the first step to check balancedness of a linear relationship and to analyze co-integration, 

summability can be used to study non-linear long run relationships. Confidence intervals are 

constructed using subsample results. The confidence interval contains zero if the null 

hypothesis of balance holds; balancedness is a necessary but no sufficient condition for the 

existence of a long-run equilibrium relation. Once balancedness of a non-linear model is 

established, the analysis of non-linear long run relationships can be done using the concept 

of co-summability. Inference is accomplished as in the other testing procedures. Co-

summability holds if the confidence interval includes zero. 

Eberhardt investigates the evidence for long-run equilibrium debt-growth relationship by 

applying the summability, balance and co-summability testing to the polynomial and 

threshold specifications presented. First, he estimates the order of summability for all model 

variables and the results are presented in Table 6.10. 
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Table 6.10 

Estimated Order of Summability 

 

 

 

The hypothesis of summability of order zero is rejected in the cases of per capita GDP levels 

or in all of the debt variables cases where the confidence intervals do not include zero. On 

the contrary, in the case of the per capita GDP growth rates the order of summability is 

always very close to zero. The same results hold when he carries out the estimates for the 

larger set of 23 countries. The exact pattern is identified in 20 of these and so the hypothesis 

that the per capita GDP growth rate is summability of order zero cannot be rejected. For the 
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equivalent levels series the null is rejected. In 25 of 27 countries, all three debt variables 

reject the S(0). Thus, that is evidence for the significant persistence of the data and raise 

concerns that the time series properties discussed are very important when one wants to 

analyze the long-run debt-growth nexus. In any regression that contains these variables 

Eberhardt claims that exist the risk of spurious results, unless the empirical models can be 

confirmed as balanced and co-summable.  

Tests for balance and co-summability are conducted including as dependent variable the per 

capita GDP growth rates (Table 6.11). As Eberhardt interested to investigate the long-run 

connection he adopts the levels variable for income, instead of its growth rate. But for 

comprehensiveness he analyses as well summability and balance for the per capita GDP 

growth rate. The evidence from Table 6.11 reveal that none of these specifications 

constitutes balanced empirical equations as, regardless of the specification or country, the 

confidence intervals do not include zero. The support and approval of the ‘growth’ 

specification in the relevant literature is explained by the existence of a lagged level of per 

capita GDP as additional regressor. This quasi-error correction specification which provides 

estimates for a long-run levels relationship is however misspecified as a growth equation. 

According to these estimations, it is implied that growth rates and debt levels do not have 

the same order of summability, which is in line with expectations of nonstationary log levels 

and stationary first differences (growth rates).  

 

 

Table 6.12 gives the balance and co-summability tests when the dependent variable is the 

per capita GDP level. Unbalanced equations are formed only for the United States and two 
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of its nonlinear specifications: the threshold model and the polynomial specification with 

linear, squared and cubed terms. In all other models balanced specifications cannot be 

rejected.  

 

  

Yet, in all cases where balanced equations had been found, the subsequent co-summability 

tests were all rejected. Furthermore, the rejection is not marginal, as all confidence intervals 

distance away from zero. Estimations for the extended dataset of 23 countries confirm these 

results. Only for one country, Uruguay, and for the specification with linear, squared and 

cubed debt terms the balancedness and co-summability is satisfied. These findings strongly 

support the notion that does not exist any nonlinear –or, for that matter, linear- 

specification in the dataset. These suggest that the debt-to-GDP ratio and the per capita 

income do not move together when investigating their long-run relationship and thus no 

causality exists between them. 

The author claims that two characteristics of the selected time coverage may induce some 

problems while trying to identify the true relationship between debt and growth. The first 

problem is that the data may insufficiently capture the serious shocks of the two world wars 

and the recent global financial crisis faced by these countries over the last centuries. These 

events may unduly affect the empirical testing. The second problem is that the analysis 

focuses on time series for over two centuries, implying that the long-run equilibrium 

relationship is stable over this long time, which may as well not be the case. 

Trying to deal with the above caveats, in what follows he makes the computations for a 

rolling window of sixty years instead of the full sample. First, he executes the balance and 
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co-summability tests for this rolling window of sixty years for the 4 economies and the time 

horizon 1800-2010, which turn out to be 152 subsamples (66 for Japan). The author follows 

this procedure only for the polynomial specifications as the characteristics of the dataset 

prohibit practicing it on the other specifications. Country-specific time-varying results for 

this sub-sample analysis presented in graphical form (Figures 6.6a, 6.6b, 6.7a and 6.7b). 
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In Figures 6.6a and 6.6b, in each plot the (broken) line and dots represent that the model is 

balanced. In Figures 6.7a and 6.7b these signify balanced and co-summable specifications. 

The results from the balanced tests coincide with that of the full-sample. In all four 

economies, the majority of the linear models (Model 1) constitute balanced empirical 

models. This also holds broadly for the polynomial function with linear and squared debt 

terms (Model 2).  The only exception appears when the cubed term is included (Model 3). In 
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this case, Great Britain and Japan demonstrate a considerable number of unbalanced 

subsamples; Sweden as well but in a lower degree. 

The results of balance and co-summability tests (Figures 6.7a and 6.7b) indicate that just an 

extremely small number of sub-samples of all country and specification cases are balanced 

and co-summable. So, these results overall confirm the full sample estimations. In general, 

while in certain consecutive sub-periods indications for long-run equilibrium relationship 

were found, none of the three models distinctly dominate the others in terms of balance 

and co-summability.  

Next, he compares graphically the above balance and co-summability subsample results. In 

doing so, he unveils common features but also differences in the long-run equilibrium 

relationship across countries (Table 6.13). Panel A refers to the linear model (Model 1), 

Panels B and C to the polynomial specifications with (in addition) squared and cubed debt 

terms, respectively (Models 2 and 3). For each country a shaded cell indicates the sixty-year 

subsample ending in the year specified constituted a balanced and co-summable 

specification, while the intensity of the shading indicates whether this property occurred in 

one (lightest), two (intermediate) or all three (darkest) countries. 

 

 

It is obvious that (for each specification) the timing of the subperiods, in which co-

movements between debt and income exist in the three countries, largely appears to differ 

across countries. Across all three models the proportion of concurrent episodes for one or 

two countries is roughly twice that respectively of episodes for all three countries, providing 

evidence of the heterogeneity in the long-run debt-growth relationship across these 

economies. Through this, Eberhardt supported that it is not correct to study countries in a 
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pooled panel data model, as the standard approach in the empirical literature does, which is 

being done by imposing the parameter homogeneity in the debt-growth relation.  

Finally, he estimates balance and co-summability tests for the final six sixty-year subsamples 

for the United States, Great Britain and Sweden (1946-2005, ..1951-2010), which benefits 

focusing in the post-WWII period while simultaneously analyzing subsamples eliminating the 

years of the global financial crisis (2008-2010). Results provide quite limited evidence for co-

movements when restricting the sample to the post-WWII period. Furthermore, it does not 

become more straightforward if the inclusion or exclusion of the global crisis years produces 

different results for the full-sample analysis. 

Overall, the sub-sample analysis results point to a distinct possibility that the full sample 

results are not extremely twisted by global shocks or structural breaks during the long 

period, as assumed earlier, given than just a small number of subsamples are found to be 

balanced and co-summable across all countries and specifications. 

Through an alternative approach Eberhardt concludes that there is no indication for any 

long-run debt-growth relationship in the nonlinear, or even linear, specification for the 

economies. There exist only a small number of subperiods over the long time horizon for 

which co-movement between debt and income are identified. The evidence that no link 

seems to connect debt and growth implies that the popular policy issue of the necessity of 

fiscal adjustment in order to achieve long-run economic stability and sustainability loses its 

validity. Still, he does not support the notion that a high debt burden should not been taken 

under consideration by policymakers or that in the short-term debt does not hurt economic 

activity. He just emphasizes the absence of signs for nonlinearities, such as the famous 90% 

debt-to-GDP threshold, in the long-run relationship with growth, which leads to reject the 

need of aggressive austerity programs and government spending cuts to enhance growth.   

The analysis points out an important issue that has not been given much attention in the 

literature. There is theoretical evidence that the non-linear relationship –if exists- might not 

hold for all countries in the same way. In this research, the very few confirmed cases of co-

movements found to largely differ over time across countries. Existing literature finds 

extremely different results when moving away from full sample analysis in homogeneous 

parameter regression models to investigating sub-samples along geographic, institutional or 

income terms. The author suggests that analyses should concentrate on unveiling the 

possible heterogeneities across countries.   
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7. Heterogeneity in the debt-growth relationship 

A major failure of the researchers’ work has been the lack of paying sufficiently attention to 

the possible heterogeneous way in which debt impacts growth. Parameter heterogeneity 

refers to the notion that the data generating process that describes the cross-country 

growth process is not common for all observations. The researchers so far have been looking 

exclusively for threshold effects of debt on growth when government debt is above or below 

a specific predetermined value. Their work focuses and analyses only the debt-to-GDP ratio 

as threshold candidate, unjustifiably disregarding any other reasonable candidate 

thresholds. Beyond this, the only case that is being more frequently suggested is just that 

nonlinearities do not exist. But, why should we only consider that the effect of public debt 

on growth is characterized only be excessive levels of debt? Theory supports that different 

factors; e.g., a country’s trade openness or institutional quality, are plausible sources of 

convergence clubs and therefore can be used as threshold variables to sort countries into 

multiple growth regimes in which countries obey the same growth model. As literature 

develops, researchers investigate the non-linearities that depend on other factors.  

 

Kourtellos, Stengos and Tan (2013,b), among others, correctly observed that the impact of 

public debt on economic activity might be driven by factors such as trade openness or 

institutional quality and that researchers should investigate the possibility of parameter 

heterogeneity; otherwise they might end up with spurious results. Thus, they contributed to 

the literature by investigating different threshold variables than the usual debt-to-GDP ratio. 

By doing so, they simultaneously manage to avoid one conceptual problem of the literature 

which has been the testing of the hypothesis of the presence of a debt threshold against the 

alternative of no threshold. They tried to assess the strongest evidence for a particular factor 

from a large group of reasonable candidates, within the framework of threshold regression 

models, as being the most plausible threshold variable to characterize the heterogeneous 

effects of public debt on growth and by that means, therefore, assorting countries into 

multiple growth regimes. Specifically, by using the structural threshold regression model 

they developed (Kourtellos, Stengos, Tan, 2013, a), which addresses the problem of 

parameter heterogeneity, they found conclusive empirical evidence that the basic cause of 

heterogeneity is based on democracy, as a proxy for institutional quality. They discovered 

that there exists a critical level of democracy (low-democracy regime) under which, higher 

public debt is correlated with lower growth, ceteris paribus. On the contrary, the correlation 

between debt and growth in the high-democracy regime is not statistically significant. 

 

The structural threshold regression model (STR) they employed allows to address parameter 

heterogeneity that characterizes cross-country growth data. Also, allows for endogeneity in 

the slope regressors Xit (i.e. endogeneity of regressors), in the threshold variable (i.e. 

endogeneity of thresholds) and also regime specific heteroscedasticity. The authors note 

that recent literature largely disregards the endogeneity issue of the threshold variable. But 

if the threshold variable is endogenous, the estimated parameters for the regime-specific 

partial effects may be inconsistent.  



85 
  

They view their model as a generalization of the simple threshold regression framework of 

Hansen (2000). They define the indicator function (7.1) assuming a threshold variable qit (in 

the meaning of public debt) which organizes the observations into regimes: 

                                        

Furthermore, they assume that qi can represent each one of the non-constant variables 

included in the set of growth determinants Xi. And also qi is assumed to be endogenous so 

that the reduced form equation determining which regime applies takes the form: 

              

The authors are unaware of which observation belongs to each regime (i.e. they do not 

know the threshold value) but they can observe the threshold variable. 

The model can be generalized to allow for two regimes: 

 

The term λi(γ) is a scalar variable that involves an inverse Mills ratio term for each regime in 

order to restore the conditional mean zero property of the errors. In particular, λit(γ) is 

defined as follows: 

 

The functions φ (.) and Φ (.) denote the normal pdf and cdf, respectively. The coefficients β 

are the coefficients of the second regime, that is β=β2 and δ is the difference between the 

coefficients of regime 1, β1 and regime 2, β2; that is, δ=β1-β2. The estimation of the threshold 

parameter is based on a concentrated least squares method while the slope coefficients are 

obtained through 2SLS or GMM. 

In Equation (7.4), when δ=κ=0 the linear growth model (here referred to as augmented 

Solow growth regression model) is formed: 

 

The panel dataset covers 10 years (1980-1989, 1990-1999, 2000-2009) and 82 countries. The 

three 10-year growth periods averages out business cycle effects. The dependent variable is 

the growth rate of real per capita GDP over the time interval. For each candidate threshold 

variable, the null hypothesis of a linear model, Η0: δ=0, is tested against the alternative of a 
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threshold. To achieve this, they employ the sup Wald test of Kourtellos et al. (2013, a). If the 

threshold parameter γ is not identified under the null that means that the particular 

candidate parameter produces threshold effects and then p-values are computed by a 

bootstrap method.      

Table 7.1 provides an extensive presentation of the variables. Table 7.2 shows the results of 

a test of the existence of a threshold effect against the null of global linearity for each of the 

candidate threshold variables. 

Table 7.1 

Data Appendix 
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Nine of the 15 potential candidates, Initial Income, Schooling, Investments, Population 

Growth, Fertility, Life Expectancy, Inflation, Tropics, and Democracy, ended up in rejecting 

the null. Surprisingly, there is not much indication that Public Debt is a good threshold 

variable for sample splitting, at least for this particular country dataset. However, the results 

confirm that there is strong evidence of parameter heterogeneity meaning that 

nonlinearities exist but may be based on many other threshold variables rather than the 

debt ratio. 

Table 7.3 shows the estimate for the threshold value for each of the 9 threshold variables, 

the associated 90% confidence interval for the threshold value, the number of observations 

for each of the two regimes that come from splitting the sample according to each of these 

threshold variables, and the associated J statistic for the STR model using each of these 

threshold variables, respectively. 

 

 



88 
  

 

Each of the 9 threshold variables therefore constitutes a potential STR model for the data. 

The authors, so, have to identify the model that best fits the data, which is being 

accomplished though the J criterion. The J criterion receives the minimum value for the 

threshold variable Democracy. Therefore, the results from the STR model that splits the 

sample into a Low-Democracy regime (i.e. countries with Democracy scores below 4.5) and a 

High-Democracy regime (i.e., countries with Democracy scores above 4.5) are presented in 

Table 7.4. 

Table 7.4 

 

 

Table 7.5 presents the exact sample of countries that apply to each regime and the 

corresponding period as well as the Democracy scores. 

The estimations from this STR model are quite remarkable indicating parameter 

heterogeneity in the meaning that the effect of debt on growth is based on democracy. 

Keeping everything else equal, higher public debt causes lower growth in countries where 

democracy is considered of low-quality. The public debt coefficient for this regime is 

negative and strongly significant at the 1% level. However, for countries with better quality 

institutions, i.e., countries in the High-Democracy regime, public debt found to have no 

significant effect on growth. The results also indicate that countries in the Low-Democracy 

regime tend to have, on average, higher public debt levels than those in the High-Democracy 

countries. The mean public debt level for countries in the Low-Democracy regime is around 

0.8. So, the results implicitly reveal those in the existing literature that found that the 

countries exhibiting higher levels of debt are the same that are inclined to present larger 

negative growth impacts from higher debt levels. Yet, this analysis shows that the threshold 

parameter that determines the effect of debt on growth is the quality of institutions rather 
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than the level of debt itself. Also, it is noted, that the Low-Democracy regime is also typical 

of lower growth and income relative to the High-Democracy regime. 

Table 7.5 

 

 

Kourtellos et al. (2013, b) found very little evidence for non-linearities regarding the debt-

growth relationship when investigating a number of suggested threshold parameters, 

surprisingly public debt included. One threshold parameter was found to crucially influence 

non-linearities, and that is the quality of democracy. Further public debt increases result to 

lower growth if the measure of a country’s institutions lies under a certain quality level. But, 

if the quality of institution is considered as high, then public debt is growth neutral.  
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8. Conclusion  

Researches focusing on the effects caused by growing sovereign debt of developed countries 

on economic growth gained new momentum in the past few years. One half of the empirical 

studies concludes that the rising debt slows down the pace of economic growth while the 

other half of the analyses says this rule works only above a fix rate of the proportion of debt 

to GDP. All of them are calling for fiscal austerity measures especially after the massive 

increase of debt levels over the years following the financial crisis. 

But according to the presented results, the issue turns out to be rather confusing, as there 

are empirical researches indicating that there is no clear evidence about the extent to which 

we should be concerned about the public debt increase and no clear evidence for the 

existence of debt thresholds. 

Results have important policy implications. If debt thresholds exist, it drives policymakers in 

favor of pursuing fiscal austerity measures; not only at stabilizing debt but at reducing the 

debt burden in fear of ‘dangerous’ debt levels.  The most vocal academic supporters of fiscal 

austerity point out to these panel studies in order to justify their policy recommendations.   

If debt thresholds do not exist, a completely different policy approach could be followed. It 

would imply that priority should be increasing growth, instead of decreasing debt and, 

therefore, that much less short-term fiscal austerity is required. 

Looking at the debt-growth nexus literature two characteristics become apparent. The 

empirical work that identified robust thresholds should be regarded with skepticism as 

researchers have not managed to correctly address the endogeneity problem of debt. This 

means that they may not just interpret to a different extent the negative impact of debt on 

growth but more importantly that they have not identified the right direction of the 

causality between the two key macroeconomic variables. 

Second to notice was that in many of the cases where a negative non-linear relationship 

between debt and growth has been established, the thresholds were not robust across 

samples, specifications and estimation techniques. Heterogeneity is crucial and the 

aggregate non-linear relationship between debt and subsequent growth might be induced 

by very different country-specific patterns. Maybe the key is that researchers should 

recognize that thresholds are importantly country-specific and stop investigating common 

threshold effects across countries. 

Summing up, is spite of the rhetoric already embraced by a number of governments, 

defining a causal relationship from public debt to growth as well as the potential 

nonlinearity between them is widely considered as unresolved or at best highly contentious 

empirical issues. It is remarkable that the majority of the papers analysed stressed the need 

to further examination of the mechanisms underlying the nonlinearities before making 

economic policy recommendations, particularly in the high-debt framework.   

 

Turning back to the questions raised in the introduction of this essay we have to say that 

there is at present no clear agreement on the answer. It is puzzling to deduce a clear-cut 
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relationship that links debt and growth, especially when considering the presence or the 

absence of nonlinearities. It will remain an issue of heated academic and political debate at 

the forefront of public policy debate as perhaps are going to remain many of the traditional 

debt management issues. 
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