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Revisiting Reinhart and Rogoff after the
crisis: a time series perspective

Juergen Amann® and Paul Middleditch*

This paper offers a straightforward and descriptive contribution to the recent and
busy debate on fiscal discipline made popular by the seminal Reinhart and Rogoff
(2010; Growth in a time of debt. American Economic Review, vol. 100, no. 2, 573—
78) paper, after policymakers have sought foundation and justification for a policy
known as austerity measures, following on from the sovereign debt crisis of 2010.
We revisit the debate on whether or not higher debt levels impede growth rates and
offer a time series perspective of a corrected data set and a more recent higher-
frequency source. We find that with further hindsight, and from a time series per-
spective, there is little to no support for the view that higher levels of debt cause
reductions in economic activity. In contrast to Reinhart and Rogoff (2010), we
suggest that economic slumps tend to cause debt build-ups rather than vice versa.
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1. Introduction

In the aftermath of the global financial crisis, we revisit the popular debate on fiscal
discipline that has become crystallised around a controversial study by Reinhart and
Rogoff (2010), the findings of which suggest that countries with higher debt/GDP
ratios (of above 90%) are associated with impeded growth rates. Our contribution
to this debate is a time series analysis that makes use of a more recent and higher-
frequency data source, obtained from the OECD, alongside a corrected version of the
original data from Herndon et al. (2014), responsible for previous implications that
austerity measures can be implemented to reactivate an economy experiencing a deep
recession.

In contrast to the majority of the literature on the debt growth nexus, our approach
is one that makes use of a deliberately simplistic time series perspective. We provide an
exploratory and descriptive presentation of the facts, in a similar way to Reinhart et al.
(2012) and some of the earlier literature surrounding the findings of Reinhart and
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Rogoff (2010). We do so alongside a comprehensive debt-threshold analysis which we
suggest is perfectly adequate for the purpose of providing further evidence to this busy
debate, offering an alternative view on a topic that has been the subject of wide contro-
versy inside and beyond the field of economics. We consider our contribution a worthy
addition to the literature, given that more sophisticated empirical studies have so far
found inconclusive support for the Reinhart and Rogoff’s (2010) ‘debt-threshold’ hy-
pothesis and are oftentimes confronted with severe empirical challenge. We find little
to no evidence to support the view that higher public debt levels dampen economic
growth, and rather the converse case, where depressions in output lead to higher debt,
is more likely in line with other papers that have stressed the reverse-causal nature of
economic growth and public debt (Irons and Bivens, 2010; Lof and Malinen, 2014;
Puente-Ajovin and Sanso-Navarro, 2015).

The financial crisis of 2007 brought an extraordinary slump in economic activity
and significant increases in gross government debt for many Western developed econ-
omies. Increased borrowing and the need to recapitalise financial institutions left gov-
ernments across Europe vulnerable in terms of borrowing ability, and consequently
facing sovereign debt crises. Even though the causality linkage between public debt
and economic growth is rather complex, and not yet fully understood, it is believed to
be best described through a bidirectional relationship: In conventional views, public
debt build-ups through increases in public spending are assumed to have a positive
short-run expansionary effect on demand, but also a crowding out of capital and thus
lower economic growth in the medium to long run.

On the other hand, low economic growth is also likely to induce higher public debt.
Given the rise in gross government debt figures across advanced nations, it is of little
surprise that scholars have tried to find an answer to the question of whether or not
economic growth can be stifled by excessive public debt. Up until the unfolding of
the financial crisis, there had been little research in this area. An influential study by
Reinhart and Rogoff (2010) found a link between public debt and economic growth
with evidence of a debt-threshold (of 90%) at which economic growth is reduced by
half. This study is not alone in the support of the debt-threshold hypothesis (Caner
et al., 2010; Cecchetti et al., 2011; Baum et al., 2013; Casni et al., 2014; Woo and
Kumar, 2015).

In an environment of surging public debt and crumbling growth rates, international
organisations and policymakers have found their own interpretation of studies such
as this to legitimise rigorous public spending cuts, commonly referred to as austerity
measures; a term used to describe a form of fiscal discipline, and discussed in detail
by Konzelmann (2014).! Whereas the effectiveness and legitimacy of austerity meas-
ures are widely discussed in the public, economic and political arenas, the findings in
Reinhart and Rogoff (2010) have also provoked rigorous discussion in the field of ap-
plied economics, including contradictions by Chang and Chiang (2012) and Panizza

! See, for example, Olli Rehn, EU Commissioner for Economic Affairs, International Labor Organisation
on 9th April 2013: ‘Yet, public debt in Europe is expected to stabilise only by 2014 and to do so at above
90% of GDP. Serious empirical research has shown that at such high levels, public debt acts as a per-
manent drag on growth. If it is not reduced, it will become an ever-heavier burden on our economies,
eating resources that could otherwise be channelled into productive investment needed to support job cre-
ation’ (http://europa.eu/rapid/press-release_ SPEECH-13-294_en.htm?locale=en); Paul Ryan in “The Path
to Prosperity. A Blueprint for American Renewal’; or, as noted in Minea and Parent (2012), by the OECD,
the EU Commission and the French Report on Public Finance in 2010.
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and Presbitero (2014), and serious technical challenges to the validity of the method-
ology, such as Herndon et al. (2014), Kourtellos et al. (2013) and Minea and Parent
(2012).

In this study, we re-visit the busy debate on the causal relationship between economic
growth and sovereign debt by offering a twofold contribution: In Section 2, we com-
partmentalise the literature using the most recent empirical contributions surrounding
the field of fiscal discipline, discussing empirically motivated work in the context of
correlation, causality, endogeneity and cross-country heterogeneity. We argue that the
field has yet to present a coherent framework with consistent evidence for the exist-
ence of a ‘debt-threshold’ or a strong case for a significant and negative causal link
between public debt and economic growth. In Section 3, we emphasise the need for a
more careful evaluation in the context of heterogeneity patterns and threshold effects
via a simple visual analysis of two comprehensive data sets: We employ the corrected
Reinhart and Rogoff’s (2010) data provided by Herndon et al. (2014) and a more
recent and higher-frequency OECD data source to provide a non-parametric and de-
scriptive evaluation of both the potential causal link between the variables as well as
the ‘debt-threshold’ hypothesis.

A key advantage of extending our analysis to encompass the higher-frequency data
source is the additional ability to consider higher-frequency information including
intra-annual fluctuations; although one might question the usefulness of this add-
itional measure, given the notorious persistence in debt and growth dynamics gen-
erally. In the context of the Reinhart and Rogoff’s (2010) study, the usefulness arises
from the time period in question. The OECD sample benefits from increased scope
and captures a period of increased volatility witnessed since 2009. We therefore suggest
that the perspective provided by the OECD quarterly data is an enhanced one.

The use of lower-frequency data can lead to confusion over the direction of caus-
ality, a key issue in the context of this debate over the relationship between debt and
growth. The causal relationship can appear immediate in lower-frequency data, and
this may explain the conflicting findings in the debt growth nexus literature, under-
lining the value of exploratory analyses such as this study. By comparing different
frequencies with varying data coverage, we illustrate a robustness in our findings that
holds despite some data discrepancies across both sets.? Given that debt levels have
risen consistently from the beginning of the financial crisis, and for many countries
surpassing the 90% mark of the sovereign debt-to-GDP ratio, this study benefits from
a longer time series perspective on the correlation between debt levels and economic
growth; one which encompasses these crucial debt build-ups in the latter part of the
OECD sample. We find consistency across both data sets and provide particular focus
and comparison of the period leading up to the financial crisis with that of the period
of global recovery, where economic activity has returned to more normal levels.

With the benefit of the extended scope provided by the two different data sets,
we illustrate that there is little to no evidence to support the view that higher public
debt levels dampen economic growth. Instead, our findings lend support to those who

2 Tt has to be noted that the debt regime classifications follow the ad hoc rule outlined in the paper based
on two secondary data sets and may at times be inconsistent across sets or provide data for non-overlapping
periods only; see, for example, Italy or Greece in Figure A1l vs. Figure A3. It is noteworthy to point out that
the results of the analysis hold despite these inconsistencies. Whereas there is some considerable variation
with regards to some of the values of the variables analysed in this study across both data sets, Table Al re-
veals that both sets are internally consistent over their domains.
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suggest a reverse causality, where slumps in economic activity are largely responsible
for increases in public debt. This becomes obvious as debt build-ups typically proceed
economic downturns, a pattern that regularly appears, irrespective of the actual debt
level. At the same time, even though actual growth outcomes are shown to be high
in volatility, median growth rates for countries above the 90% threshold are indistin-
guishable from their low-debt counterparts.

As debt levels have risen consistently from the beginning of the financial crisis, and
for many countries surpassing the 90% mark of the sovereign debt-to-GDP ratio, this
study benefits from a longer and time series perspective on the correlation between
debt levels and economic growth. With the benefit of extended scope and hindsight,
our study finds no clear-cut evidence in favour of the debt-threshold hypothesis. We
conclude that our analysis throws serious doubt over previous findings that austerity
measures might assist in the reactivation of an economy from a deep recession.

2. Relevant literature

Within the empirical literature, numerous approaches have been employed in the at-
tempt to shed light on the debt—growth relationship.?> While we acknowledge the wider
scope of the literature, the purpose of this study is to concentrate on the empirical
post-crisis strand which has the ‘debt-threshold’ hypothesis at its core. We argue that
this particular strand of the literature has yet to present a coherent framework with
consistent evidence for the existence of a ‘debt tipping point’ or a strong case of a sig-
nificant and negative causal link between public debt and economic growth. We show
this in the preceding paragraphs using the delineating factors of exploratory evidence,
correlation and causality, endogeneity, and cross-country heterogeneity.

2.1 Exploratory evidence

In their influential study, Reinhart and Rogoff (2010) suggest a debt threshold of 90%
at which growth is reduced by half for a sample of OECD countries. More precisely,
their ‘[...] main result is that whereas the link between growth and debt seems rela-
tively weak at ‘normal’ debt levels, median growth rates for countries with public debt
over roughly 90 percent of GDP are about one percent lower than otherwise’ (Reinhart
and Rogoff, 2010, p. 573). Even if it is clear that association or correlation between two
variables by no means implies a causal effect of one variable on the other, the authors
are probably over ambitious in arguing that, ‘[...] when gross external debt reaches 60
percent of GDP, annual growth declines by about two percent; for levels of external
debt in excess of 90 percent of GDP, growth rates are roughly cut in half’ (Reinhart
and Rogoff, 2010, p. 573).

The Reinhart and Rogoff (2010) paper has also sparked controversy through the
empirical replication of their study by Herndon et al. (2014) who reported that coding
errors, selective data exclusion and unconventional weighting of summary statistics

3 Multiple studies have been concerned with the sustainability of debt policies which, among other tech-
niques, base their assumption of debt sustainability on time series properties of the debt variable; see, for
example, Neck and Sturm (2008) or Bohn (2008) for a comprehensive survey of this field.
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lead to an inaccurate representation of the relationship between public debt and GDP
growth for the data sampled. After correcting these deficiencies, the previously re-
ported, extraordinary debt threshold effect becomes significantly smaller, leading
Herndon et al. (2014, p. 278) to conclude that ‘policy-makers cannot defend austerity
measures on the grounds that public debt levels greater than 90% of GDP will consist-
ently produce sharp declines in economic growth’. Nonetheless, it would be unjust and
rather convenient to hold Reinhart and Rogoff (2010) accountable for the direction
into which the public, political or economic debate has been leaning, let alone for the
economic consequence of austerity itself. Reinhart and Rogoff (2010) might have been
the first to discuss the adverse effect of high sovereign debt levels on economic growth
outcomes after 2008, but their findings have not remained without support. Various
studies have provided a more formal test of the 90% ‘debt-threshold’ hypothesis and
have, to some extent, confirmed its existence:

In a literature survey-style paper, Reinhart et al. (2012) extend the analysis of
Reinhart and Rogoff (2010) to analyse ‘debt overhangs’ in advanced economies
starting from the year 1800. The authors define ‘debt overhangs’ as periods where
debt-to-GDP ratios exceed 90% for at least five years and compare average GDP
growth rates for these regimes. The authors do not address the legitimacy of their 90%
ad hoc ‘debt-threshold’ view or their choice of the five-year selection window even
though they argue that their results are ‘[...] reasonably robust to choices other than
90 percent as the critical threshold’ (Reinhart et al., 2012, p. 70). What makes the
threshold argument problematic in the eyes of the authors of this study is that through
their ad hoc selection rule, Reinhart et al. (2012) identify 26 debt overhang periods
for only 13 out of their sample of 22 advanced countries and furthermore note that
‘[...] many debt overhangs result from costly wars. There are distinct clusters around
World War II and, to a lesser extent, World War I’ (Reinhart et al., 2012, p. 77). This
leaves the analysis for more recent, public debt overhangs since 1970 for advanced
economies to no more than six countries: Belgium (1982-2005), Canada (1992-99),
Greece (1993-2012), Ireland (1983-93), Italy (1988-2012) and Japan (1995-2012)
(Reinhart et al., 2012, Table 2).

Among other studies that have motivated their research using a descriptive and ex-
ploratory data analysis, only a few have found quantitatively similar effects. For ex-
ample, Egert (2015B) performs a descriptive analysis of the original Reinhart and
Rogoff’s (2010) data, its corrected counterpart (Herndon et al., 2014) as well as a
third data set by Egert (2015A) where the author had matched government debt data
presented in Reinhart and Rogoff (2010) with growth rates from Barro and Ursula’s
(2010) data set. In line with the results in Egert (2015A), Egert (2015B) shows that
real GDP growth slows down considerably when the debt-to-GDP ratio surpasses
30% but also finds no further slowdown for higher debt levels. This observation holds
when using lagged levels of central government debt as well as 10-year average growth
rates. Furthermore, this study claims that exact instances where public debt of over
90% slows economic growth are simply not present in the data: the stylised fact of a
debt overhang regime appears to be a statistical fallacy (Egert, 2015B).

Similar to Egert (2015A), Minea and Parent (2012) was one of the first papers to
investigate the claims made by Reinhart and Rogoff (2010) by compiling an alter-
native data set which features the same countries as in the original study and resorts
to GDP data from Bolt and van Zanden (2014) to calculate the GDP growth rate as
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Fig. 1. GDP growth, Reinhart and Rogoff’s (2010) data, 1946-2009. (a) Smoothed median GDP
growth rates over time. (b) Smoothed median GDP growth rates and scatters per debt regime over
time.

well as from Abbas et al. (2010) for public debt measures. Minea and Parent (2012)
undertake the same empirical analysis based on discrete bins associating pre-defined
debt threshold levels of <30%, 30-60% and >90% with their corresponding growth
rates and find a much less pronounced dip for the ‘debt overhang’ regime. Similar ex-
ercises were undertaken by Irons and Bivens (2010), Bell et al. (2015) or Amann and
Middleditch (2017) who all use scatter-plot techniques of (variations of) Reinhart and
Rogoff’s (2010) original data and find little to no evidence of a comparably devastating
drop in GDP growth rates at or around the ‘debt overhang’ threshold. The same ob-
servation is made by Puente-Ajovin and Sanso-Navarro (2015), who plot the 10-year
average government debt-to-GDP ratio against real GDP growth for 16 OECD coun-
tries between 1980 and 2009, or by Afonso and Jalles (2013), who plot GDP growth
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rates against sovereign debt (Afonso and Jalles, 2013; see Figure 1b for the sub-set of
OECD countries). On the other hand, Woo and Kumar (2015, Figure 3) look at 38
advanced and emerging economies over the period 1970-2007 and present evidence
suggesting that average five years ahead GDP growth rates are considerably lower for
countries with an initial debt-to-GDP ratio of above 90%, compared to countries with
a ratio of below 30% across various country groups.

Finally, Pescatori et al. (2014) follow a somewhat different set-up to explore the
long-run relationship between debt and growth when plotting the average growth rates
of the sets of countries exceeding a varying threshold parameter over a time window of
1,5, 10 and 15 years. The authors conduct their analysis for a sample of 34 countries
spanning the period 1875-2010 and find no evidence in favour of the ‘debt-threshold’
hypothesis or a debt overhang regime with innately different growth dynamics. Rather,
they report that the association of debt and growth tends to weaken for higher levels
of debt, particularly when controlling for peer country growth rates. The authors also
present evidence suggesting that the debt trajectory may be even more important than
the actual level of debt to predict future economic growth outcomes.

2.2 From correlation to causaliry

From an empirical point of view, a less sophisticated approach to learn about the relation-
ship between economic growth and sovereign debt would be to investigate the sign and
statistical significance of the debt-to-GDP ratio coefficient of the simple linear model:

GR, = a+ 8D, + u, @Y)

where GR, is the percentage growth rate of output between periods 7 and z+k% (also
referred to as the k-period ahead growth rate) and D, is the debt-to-GDP ratio (country
subscript z suppressed). An immediate issue arising is the obvious endogeneity problem
resulting in an estimation bias of

5o Bo? + o2
o2 + 6202

2

which we derive in Appendix A2. This concern has been addressed in the literature
among others by Panizza and Presbitero (2014), Bell et al. (2015) or Dube (2013).
Apart from this algebraic relationship, the endogenous connection between both vari-
ables becomes even more illustrative if we consider the fact that some policy inter-
ventions may explicitly further endogenise both variables: For example, it is widely
believed that debt financing can be a useful way to help an economy recover more
quickly from a recession and is hence more likely to occur during episodes of particu-
larly low growth. Conversely, austerity advocates have argued that particularly high
debt levels have to be brought down in order to allow for a swift economic recovery.

A straightforward way common within the literature to address this issue is by
treating both GR and D as endogenous by means of a vector autoregressive (VAR)
model of the form:

Pp PGrR

GR =a+Y BDii+ Y 7GR i+ u (3a)
=1 =1
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bPGr Pp
D =5+ 6iGR 1+ ) &:Dii+u, (3b)
=1 =1

where (pp, pgr) denotes the selected lag length of both variables. One can then think
of an endogeneity test of past debt-to-GDP ratios on GDP growth as a simple test of
non-Granger causality formulated as,

H()ZB[ZO for lzla---)PD

In equation (3a) a positive side-effect is that this set-up accounts for the effect of
debt trajectory, which is rarely addressed outside the VAR framework (Dube, 2013;
Pescatori et al., 2014). In this context, an interesting point has been raised by Irons
and Bivens (2010) who discuss that the traditional crowding-out argument is more
concerned with the actual flow (deficit) rather than the stock (of debt). Therefore, debt
build-ups are rather a symptom than the causal root of stifled economic growth. This
rational provides a more theoretical argument for a ‘reverse causality’ link from low
growth to high debt where high deficit spending may be one but not the only driving
force of crumbling GDP growth rates. As it turns out, these ‘reversely causal’ links are
readily found in the literature: In a sample of 16 OECD countries spanning 30 years,
Puente-Ajovin and Sanso-Navarro (2015) apply a panel bootstrap Granger causality
test developed by Koénya (2006) which accounts for cross-country heterogeneity as
well as cross-sectional dependence. The authors fail to report evidence that govern-
ment debt Granger causes real GDP growth but find evidence that gross debt is nega-
tively affected by economic growth.

The same implication of ‘reverse causality’ is found by Lof and Malinen (2014) who
employ a VAR analysis to investigate the debt—growth nexus by means of impulse-
response functions for a panel of 20 as well as 10 developed and developing countries
for the periods 1905-2008 and 1954-2008, respectively. As before, the authors find
no significant impact on the GDP growth rate when introducing a shock to debt, but
a significant negative effect of a GDP shock on debt. By applying the Hsiao’s (1981)
procedure, Gomez-Puig and Sosvilla-Rivero (2015) test for bidirectional Granger
causality analysis for central and peripheral countries of the European Economic and
Monetary Union (EMU) between 1980 and 2013 with little evidence of a causal rela-
tionship between both variables. However, when allowing for endogenously detected
break points, the authors report evidence of a negative effect of debt on economic
growth for some EMU countries, but also a significant effect for some other mem-
bers. Another study which analyses a Granger causal relationship is Irons and Bivens
(2010) who study the debt—growth nexus for the case of the USA and fail to reject
non-Granger causality going from debt to growth but finds significant evidence of a
reverse causality link from growth to debt.

Bell et al. (2015) analyse the causality link of growth and debt by means of random
coefficients as well as multi-level distributed lag models to capture time- and country-
dependent heterogeneity. They present empirical evidence of a reverse causality
link going from (low) economic growth to (high) public debt, with results that in-
dicate strong patterns of heterogeneity and claim that the aggregated presentation
of the debt—growth nexus through ‘stylised facts’ as in Reinhart and Rogoff (2010)
is misleading, due to cross-country variation. Amann and Middleditch (2017), in a
UK-specific study, make use of Granger causality and co-integration tests that account
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for structural breaks and find no empirical support for the hypothesis that fiscal discip-
line can directly restore economic activity after a recession, or that there is any statis-
tically significant relationship between increasing public debt and growth. By contrast,
Afonso and Hauptmeier (2009) analyse the Granger causality relationship between
economic growth and the ratio of current primary surplus over GDP as well as the
debt-to-GDP ratio. For 20 OECD countries between 1988 and 2001, they report a
significant, bivariate Granger causality relation between the debt-to-GDP ratio and
GDP growth and add further evidence to the possibility of the presence of country-
specific heterogeneity (Afonso and Hauptmeier, 2009, appendix 1).

One crucial point regarding the above-discussed literature is that even though
Granger causality-related testing procedures are capable of adequately modelling
endogeneity, the issues arising from omitting relevant variables from the model re-
main. This is shown by Liitkepohl (1982) who argues that causal structures of sub-
processes of multivariate stochastic processes do not allow the drawing of a conclusion
with regards to the causal structure of the higher dimensional process. Consequently,
any Granger causality findings in a sub-process may be due to an omitted variable (and
vice versa) and consequently affect empirical results. Relationships between aggregated
variables are highly complex with possible multi-directional statistical connection,
feedback loops and two-way multi-lagged effects, all contributing to the realised chain
of economic events. What is more, the VAR approach as described in equation (3) is
limited to the linear domain by construction.

As shown in Baek and Brock (1992), such parametric and linear Granger causality
tests are found to have low power against certain non-linear alternatives. Even though
advances have been made to (endogenously) account for non-linearities and threshold
effects (Galvao, 2006) or time-varying coefficients (Christopoulos and Leén-Ledesma,
2008), to the knowledge of the authors, none of these techniques have been applied to
the debt—growth nexus yet.

2.3 Endogeneity in a cross-country setting

An alternative way to address reverse causality is by means of a method involving in-
strumental variables; though as in many other areas, researchers have found it difficult
to identify appropriate or adequately exogenous instruments. Panizza and Presbitero
(2014) instrument the debt-to-GDP ratio with the valuation effect of debt held in for-
eign currency and exchange rate movements. They find little to no evidence of a debt
threshold, arguing against the threshold-view as a justification for fiscal consolidation.
However, their instrument of choice has values close to zero with zero variance for
France, Germany, Japan, the Netherlands and the USA, borne from the fact that these
five countries simply do not hold sovereign debt in foreign currency.
Checherita-Westphal and Rother (2012) investigate the average impact of gov-
ernment debt on per capita GDP growth for 12 Euro area countries spanning the
period 1970-2008. Their exogenous instrument for country ¢ is the averaged debt-to-
GDP ratio of all remaining (12—7) countries; a proposition which may cast doubts in
terms of validity: Only if ‘there is no strong relationship between debt levels in other
Euro areas countries and the per-capita GDP growth rate in one specific country’
(Checherita-Westphal and Rother, 2012, p. 1398), their chosen instrument can be
considered adequate. In practice, the proposition that there is no connection between
the debt-to-GDP ratios and GDP growth rates for a set of countries within a monetary
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union might be seen as questionable. As rightly pointed out by Panizza and Presbitero
(2014), this is like assuming that under similar absolute debt measures for all coun-
tries, GDP of country : is not affected by all remaining countries. Furthermore, the
existence of ‘debt spill-overs’ is far from just a theoretical possibility; for example, in a
scenario like the European banking crisis where member countries had to join forces
to rescue systemic, trans-national banking conglomerates, it is entirely imaginable that
such joint efforts may have carried over to affect the economic performances of all in-
volved countries. The collective bail out of Fortis by Belgium and the Netherlands in
September 2008 serves as an illustrative example in this context.

Checherita-Westphal and Rother (2012) also employ endogenous instruments
to combat the challenges of endogeneity by means of a generalized method of mo-
ments (GMM) estimation framework. In a similar vein, Furceri and Zdzienicka (2012)
adopt a two-step GMM-system estimator when analysing the effect of debt, currency
and banking on growth for a sample of 154 countries for the period 1970-2008. They
conclude that debt crises can cause long and persistent losses in output growth and
that they may be more harmful for economic growth than the latter two. This approach
has proven to be quite popular; see, for example, Woo and Kumar (2015), Afonso and
Jalles (2013) and Padoan et al. (2012) who all use GMM alongside more conventional
tools such as simple Ordinary Least Squares (OLS), or panel fixed and random effects
(FE and RE).

Unfortunately, the inclusion of lagged, endogenous instruments may not adequately
address the (potential) endogeneity problem in this particular case as this method was
initially designed with microeconomic purposes in mind. It is not well suited for data
sets with a relatively small number of cross-sectional observations (Bond, 2002), a key
feature of macroeconomic data sets. More specifically, difference and system GMM
may be severely affected by the problem of weak instruments (Bun and Windmeijer,
2010) which, furthermore, may not be solved by simply introducing more lags to the
system, but rather increases the probability of introducing spuriousness (Bazzi and
Clemens, 2013). These noteworthy limitations raise doubts with regards to its legit-
imacy in this context: Panizza and Presbitero (2014) point to evidence suggesting po-
tential problems with some of the GMM estimation results reported in the literature.

To summarise, empirical efforts to unfold the debt-to-growth relationship through
a cross-country framework are challenged by their capability to adequately control for
model simultaneity. As far as the IV approach is concerned, valid exogenous instru-
ments are difficult to find and not adequate in most cases, while an endogenous in-
strument set-up may potentially be ill-suited for this empirical exercise. An interesting
point is raised by Dube (2013, p. 7) who observes that most papers following a
cross-country approach add lagged GDP levels, but hardly ever lagged GDP growth
rates as controls to their estimation. He stresses the importance of accounting for the
effect of the evolution of growth dynamics to adequately account for reverse causality
linkages, as increases in debt are found to have an effect on past but not on future
growth figures.

2.4 Heterogeneity

Important implications arise around the issue of cross-country heterogeneity. In this
context, we do not intend to direct the discussion towards the effects of debt on growth
with regards to the development stages of country groups. We recognise that there is
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a wide and distinguished empirical literature indicating that both the composition of
debt and the general impact of debt overhangs seem to affect developing countries
more than their developed counterparts; however, a more pronounced survey of this
field would go beyond the scope of this paper. Instead, we expand on the observation
by Eberhardt and Presbitero (2015) who apply the same visual analysis as Reinhart
and Rogoff (2010) using discrete bins as well as a fractional polynomial regression
of GDP growth against the debt-to-GDP ratio thereby producing visual evidence in
general support of the 90% threshold hypothesis; while their empirical models, which
allow for country-specific coefficients, fail to produce supporting econometric evi-
dence of this result.

This is an important interjection: Given a model which assumes parameter homo-
geneity and finds an aggregated significant effect of some sort, it does not necessarily
follow that the observed aggregated pattern holds true for the majority of the units
on an individual level as well. In other words, recorded non-linearities may simply be
spuriously occurring results of aggregating cross-sectional heterogeneities rather than
of systemic nature (Haque et al., 1999). Eberhardt and Presbitero (2015) also point out
that underlying and unobserved factors might have a significant effect on the estima-
tion outcomes and crucially depend on the data set used for the analysis. Particularly
for a set of homogeneous and strongly interconnected entities, cross-sectional de-
pendence may severely bias estimation results. Using a dynamic Common Correlated
Effects (CCE) Mean Group estimator which allows for varying country-level coeffi-
cients, they find no empirical evidence of a common cross-country debt threshold.

The importance of accounting for cross-country heterogeneity is also stressed by Chudik
et al. (2017) who provide evidence of cross-sectional heterogeneity of the ‘debt-threshold’
hypothesis in a dynamic, heterogeneous panel set-up. The authors provide threshold
estimates of between 60 and 80% for the full sample as well as 80% for the advanced
economies and between 30 and 60% for developing countries, respectively, when not ac-
counting for unobserved common factors. Their cross-sectionally augmented models fail
to reject the hypothesis of no simple debt threshold. Consequently, they draw no conclu-
sive picture of a significant debt threshold for either advanced or developing economies.

Further evidence on the existence of cross-country heterogeneity in debt effects are
also made in the VAR framework by Gémez-Puig and Sosvilla-Rivero (2015). The au-
thors find no evidence of Granger causality between debt and economic growth when
analysing a sample up to 2009. However, when allowing for endogenously detected
break points, the authors report evidence of a significant, negative Granger causality
for five of the 11 countries for the period after the breaks with potential threshold levels
ranging from 53 to 103% but also identify another set of other countries which retain
their positive Granger causality relationship of D to GR even after the crisis. The au-
thors thus show how cross-country heterogeneity is of fundamental importance even
when looking at a relatively homogeneous group of (EMU) countries.

The observation of heterogeneity has also been raised on the inter-temporal front:
Exemplarily, Minea and Parent (2012) acknowledge the existence of countries with
high public debt ratios (above 115%) and high economic growth; particularly in the
post-World War II period and last decade of the twentieth century. As discussed be-
fore, Baum et al. (2013) find evidence of a considerable increase in the significant
debt threshold (from 66 to 72% and 96% for the non-dynamic and dynamic panel,
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respectively) if the crisis years 2008—10 are added to the analysis. Including the period
1980-89 results in insignificant threshold estimates.

2.5 Summary

In this section, we have surveyed a wide and contradictory field of academic research
concerned with the importance of public debt for economic activity. We have focused
on the most consistent and well developed body of the ‘debt literature’ in advanced
economies in terms of modelling choices. Our reading of the literature is that the
debt—growth relationship is both more complex and heterogeneous, when considered
across countries and time periods, than initially assumed. What is more, it also raises
the question as to whether gross debt is indeed the correct measure for this investiga-
tion in the first place, because of its inherent inability to consider the cross-sectional
heterogeneity of national debt compositions. In other words, if there is a common
factor in the composed measure of sovereign debt that stifles economic growth, the
current practice of analysing (aggregated) sovereign gross debt makes it impossible to
disentangle such a force in the same way that an aggregation might lead to a potentially
misleading formulation of the ‘debt-threshold’ hypothesis.

One interesting characteristic of the debate, to date, is that as the argument de-
velops over time, the consensus appears to be reversing, with later studies tending to
disagree with the existence of the debt threshold. We can see this through the increase
in studies finding evidence against the debt-threshold nexus; or failing to reject the
reverse causality hypothesis since the intervention by Herndon et al. (2014), a study
that appears to have attracted the attention of more technical treatments capable of
reversing the earlier findings in favour of the debt threshold when allowing for issues
such as cross-country heterogeneity and parameter instability. Until more accentuated
data are available, researchers are required to make an educated guess as to how homo-
geneous or heterogeneous country-level data may allow for a clear aggregated analysis
of the debt—growth nexus. We intend to address this in the second part of the paper,
where we look at two separate data sets and discuss both common and heterogeneous
patterns in the data, before exploring ways to identify debt tipping points.

3. Exploratory data analysis: a time series perspective

In this section, we revisit the central claims made in Reinhart and Rogoff (2010) by
employing a novel exploratory approach to visually disentangle the linkage between
economic growth and public debt. We do this by using the corrected Reinhart and
Rogoff’s (2010) data set following Herndon et al. (2014) which we contrast with
up-to-date and higher-frequency OECD data.

We offer a deliberately uncomplicated contradiction to the findings of Reinhart and
Rogoff (2010) and the earlier supporting literature, by employing basic visual and ex-
ploratory techniques, in a similar way to Reinhart et al. (2012), allowing us to highlight
channels and directions of causality, that might remain difficult to disentangle in more
sophisticated empirical techniques. In doing so, we use an approach that we hope will
facilitate wider access to this important debate, beyond the field of economics. Our
goal is to develop insights regarding the time-dependent causality pattern of debt and
growth, their structural nature as well as any potential threshold effects of debt by com-
paring the patterns of the same set of countries and periods at different frequencies. We
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have chosen to compare the two different data sets, to mitigate possible bias on pre-
vious studies caused by the loss of high-frequency information and also to see how the
marked increase in volatility for the debt-to-GDP ratio since 2009 affects our results
for the k-period-ahead average growth rate for various debt thresholds.

3.1 Inter-temporal linkage of debt and growth

In order to evaluate the relationship between public debt and time, we introduce three
regimes for debt and growth which we define based on the findings in the literature: As
for sovereign debt, we chose the first regime postulated by Reinhart and Rogoff (2010)
with a gross government debt-to-GDP ratio of above 90% and following the empirical
literature by defining a middle regime for ratios ranging between 60 and 90% of GDP
and a third debt regime of below 60%. Furthermore, we define three growth regimes
associated with GDP growth rates of above 2%, between 2 and 0% as well as below 0%.

In our efforts to analyse the inter-temporal relation between economic growth and
public debt, we plot the median annual, one-period-ahead, GDP growth rates for each
country of the Reinhart and Rogoff’s (2010) data set over time. In order to reduce
the noise of the series, we replace the actual series with their respective third-order
moving-average representation and associate each regime with the corresponding
high-, medium- and low-debt regimes of above 90%, between 60 and 90% and below
60% using the colours red, blue and green, respectively.*

The findings in Reinhart and Rogoff (2010) imply that countries with higher public
debt levels are associated with much lower growth rates. Thus, with the data presented
in this way, we would expect to see a ‘sandwich-like’ pattern in Figure la where the
red line would be present at lower GDP growth rates, followed by blue and eventually
green both of which associated with more favourable debt regimes. Instead we observe
that gross government debt levels in excess to 90% are more apparent at the begin-
ning and the very end of the sample (see Figure 1b). Between 1960 and 1980, most
countries are associated with the low-debt regime. Additionally, we see that the general
pattern of GDP growth rates is downwards-sloping and seems to be less volatile across
the sample of countries since the 1980s.

For the period starting in 1980, there seems to be very little difference in the
growth performances of countries across all three regimes. Furthermore, we can see
the devastating effect of the financial crisis on GDP growth rates at the very end of
the sample represented by a universal and steep drop across all observed countries.
Figure 1b allows for some additional insights with regards to the volatility of economic
growth across the three regimes, illustrated by adding the actual median growth rates
for each year and three debt regimes, respectively. This helps to illustrate the strong
pattern of variability across all regimes, with no distinct regime-specific patterns.

Equipped with these insights, we next apply the same visual tools on the quarterly
OECD data. We do this as we are interested to see if the previously observed patterns
also hold true for the more recent past, as well as on a higher-frequency level and, in
particular, how the financial crisis and the post-crisis era have left their marks on the
data.’ Interestingly, in Figure 2a, we again fail to recognise the previously hypothesised

“We present a disaggregated, individual-country-type version of this graph in Figure Al for further
reference.

*We present a disaggregated, individual-country-type version of this graph in Figure A3 for further
reference.
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sandwich-like layering of growth rates but find that most countries recorded moderate
growth rates and appear to move together. What is striking is how similar the evolution
of the median growth rates across all three debt regimes plays out. This joint trend
also continued during the crisis: Independent of the level of debt, all countries were
similarly struck by this seismic economic event with very little volatility in the variation
of growth rates across debt regimes (Figure 2b). There also seems to be little visual
evidence to suggest that the absorption of the financial crisis reflected by the decline
in the growth rates seem to be associated with the debt regime of the corresponding
countries in any way: As a matter of fact, we observe the highest drops in GDP growth
rates during the financial crisis for two countries associated with the low-debt regime,
Finland and Ireland, a slump which was only surpassed by Greece in 2011.
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Fig. 2. GDP growth, quarterly OECD data, 1996Q01 to 2018Q2. (a) Smoothed median GDP
growth rates over time. (b) Smoothed median GDP growth rates and scatters per debt regime over
time.
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Fig. 3. Debt-to-GDP ratio, Reinhart and Rogoff’s (2010) data, 1946—2009.

We see this as clear empirical evidence against the idea that countries with higher
debt levels have been struck more severely by the crisis or have experienced a more
sluggish recovery after the crisis. Quite to the contrary, it seems suggestive of the fact
that the crisis has had a ‘unifying’ effect on the growth dynamics across regimes. While
the above analysis provides some important insight into the relationship of economic
growth and public debt over the last decades and through the financial crisis in par-
ticular, it does not provide sufficient evidence to make a statement with regards to the
inter-temporal direction of causality on a more general level.

We try to address this issue in Figure 3 where we again use Reinhart and Rogoff
(2010)’s annual data set and plot the levels of the debt-to-GDP ratio against time.
As we are particularly interested in learning about the timing of the changes in the
debt structures that are associated with the lower-growth regimes, we fade out the
high-growth regime of above 2% by only depicting it in a light grey.® Our rational
behind this is the following: If high public debt is causing low economic growth, we
would assume to see more medium- and low-growth regimes associated with coun-
tries with higher debt levels. Furthermore, if the negative link from high debt to low
growth holds universally true, we would expect their growth regime to change from
grey to blue for lower levels of debt and consequently to red at (or around) the debt
overhang regime of 90%.

However, the empirical evidence presented in Figure 3 draws a different picture:
Rather than being typically present for extremely high levels of the sovereign debt ratio,
periods of low economic growth seem to occur at similar time periods across countries
(and have become more frequent in the 1980s to mid-1990s). In other words, visual
evidence is more suggestive of economic growth being affected by exogenous factors
‘other’ than the actual level of the debt-to-GDP ratio at the time of the crisis. Further
inspection of the graphs also shows that periods of low economic growth are typically
followed by build-ups in public debt which can be seen when noting that almost all

6 We keep the previously defined colours for the medium and low regimes. For the country-level figures
in the appendix, we resort to the previously defined red, blue and green colour pattern for both the Reinhart
and Rogoff’s (2010) data in Figure A2 as well as the quarterly OECD data in Figure A4.
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more accentuated line segments, which are associated with lower-growth regimes, are
upward-sloping. This pattern is particularly pronounced in the 1980s, suggesting in-
stead a reverse causality link of economic growth on public debt.

What is more, it is our opinion that Figure 3 provides a strong counterargument
against the ‘debt-threshold’ hypothesis represented by the vertical, dashed line at 90%
of the debt-to-GDP ratio. Given the evolution of debt levels over time and their corres-
ponding growth regimes, this figure leaves little to no room for the credible argument
that, at least for this sample of countries, there could be a tipping point at 90% which
would demolish economic growth. Finally, we again turn to the quarterly OECD data
in Figure 4. We observe that the debt levels before the financial crisis were rather stable
and the majority of countries were reporting growth rates of two or more percent;
similar to previous observations. With regards to the timing of movements, the finan-
cial crisis led to a big drop in economic activity resulting in a negative growth rate for
almost all countries in the sample, followed by a considerable increase in sovereign
debt levels.

These results, together with the historical evidence on how Western economies re-
acted to the unfolding of the financial crisis, throw doubt on any hypothesis suggesting
the debt build-ups were caused by anything else but the financial crisis. Furthermore,
even though debt levels came to a rise for almost all countries in the sample, GDP
growth rates turned positive around the beginning of 2010 which can be verified in
Figure A4. For example, Italy, with a very high debt ratio before the financial crisis,
also had growth rates return to normal in 2010. After a second setback in late 2011,
GDP growth returned to levels between 0% and 2% in 2013—at a debt ratio of 130%.
Similar trends of non-negative growth regimes far above the 90% debt threshold can
be observed in a wide range of countries including France, Spain, the UK or the USA.

We summarise with the following points: By means of a straightforward inspection
of two separate data sets, we present evidence that low-growth periods happen much
around the same time for our sample of countries, suggesting that common external
economic shocks might at least be partially responsible for this pattern. Furthermore,
the plots suggest that the actual levels of the debt-to-GDP ratio are very unlikely to be
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associated with a particular growth regime. A key insight of this analysis is that if, as
argued by Reinhart and Rogoff (2010), high public debt is detrimental to economic
growth, high debt levels should generally be associated with more and longer spells
of low growth rates. Instead, what we see is that growth slumps generally appear to
happen before an increase in the debt level; but it does not seem to depend on the
initial level of the debt share. Consequently, it is our opinion that the notion of a sig-
nificant and homogeneous debt threshold at 90% is lacking any factual or empirical
foundation.

3.2 Non-linearities and thresholds

We acknowledge the argument that even if previous debt levels might not have been
detrimental in causing low economic growth, as suggested in our analysis, this does not
mean that sovereign debt-induced economic slowdowns are an impossibility. In other
words, even though our analysis so far has shed some light on the question of potential
causality linkages and highlights the role of global economic factors and dynamics, we
cannot argue or conclude by any means that there might not be a debt threshold level
at which economic growth is impeded. Even if this threshold may not be at 90% for the
annual data set, we might very well find a threshold effect at other levels. Conversely, as
far as the more recent, quarterly data are concerned, a significant number of countries
have reported ever increasing debt levels as a result of the financial crisis.

From the empirical tools used so far it is unclear as to how these countries experi-
enced growth rates significantly lower than their counterparts, below the 90% cut-off.
With this issue in mind, we analyse the evolution of average, short- to long-run growth
rates for various debt levels. In doing so, we explicitly consider the growth perform-
ances of countries which either, surpass a particular debt threshold level 7 from below
and remain above said threshold for the consecutive period; and also for countries that
report debt levels above 7 in both periods. We do this because we are interested in the
distribution of contemporary as well as mid-run growth performances conditioned on
varying debt threshold levels.

In more mathematical terms, we define the k-period-ahead average growth rate for
each debt threshold level 7 as

T

11 (&
= e (2 1000

t=1 =1

where the k-period-ahead average growth rate for an arbitrary country ¢ and time

period 7 is calculated as
- (GDPZ',erk)(m/ v
Skie =\ \"GDP,,

for annual (m = 1) and quarterly (m = 4) data, respectively, and

1 ifDj,>71
1 (Djy7) {0 otherwise.
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Furthermore, we define

T’r
Tr=> 1(Dis7)
t=1

and equivalently for N,.” We assess the relationship between GDP growth and poten-
tial debt thresholds by calculating for 7 = {20,25, ...,155,160} and %k = {1,5,10,15} for
the annual as well as 2 = {4,20,40} for the quarterly data set. This allows us to com-
pare the one-, five- and 10-year-ahead GDP growth rates from both data sets of our
interest. We present the results in Figures 5 and 6 where we plot the average growth
rates g, . and the corresponding 5th and 95th percentile against the possible levels of
T, using the annual as well as quarterly data sets respectively.

Generally speaking, our results are in line with comparable approaches undertaken
in the literature (e.g. Pescatori et al., 2014). More precisely, in Figure 5, we observe
that for the annual data, the one-period-ahead growth rate presented in the outer left
panel can be associated with a relatively strong negative trend for GDP growth rates.
Similar to other exploratory pieces exploiting the corrected Reinhart and Rogoff’s
(2010) data base, we observe that one-period-ahead GDP growth rates at a threshold
level of T = 90 (illustrated by a dashed vertical line) are associated with a mean GDP
growth rate of somewhat above 2%. We also observe a very high degree of heterogen-
eity: The grey, vertical lines associated with each plot show the variation of the 5th
to 95th percentile of the data. Observing the evolution of average growth rates over
increasing values of 7 in the outer left panel, we also note that there seems to be little to
no evidence of a debt threshold compatible with the 90% hypothesis. However, we do
observe a notable yet steady drop in average one-period-ahead growth rates for a debt
level of 20% (of somewhat above 3%) versus a debt level of 160% (0.5%).

As noted earlier, one should be cautious when deducing a causal relationship of
high debt adversely affecting GDP growth because of (possible) endogeneity feedback
mechanisms. Consequently, and similar to the empirical literature discussed in the
first part of this piece, we try to mitigate this problem by extending the time horizon
of the analysis which also lets us smooth out business-cycle effects as well as out-
liers to analyse the five-, 10- as well as 15-year-ahead GDP growth rate in panels 2
to 4 in Figure 5. Comparing these findings with the simple one-period-ahead growth
rates, three observations seem particularly noteworthy: First of all, when increasing
the time period considered, we see noticeably less variation in the data. This seems to
go hand-in-hand with a less pronounced reduction of average GDP growth rates with
increasing levels of 7, that is, the observed reduction in average growth rates associated
with increased sovereign debt ratios decreases over the mid-term.

Most interestingly, this rotation of the average growth rate line seems to be the result
of fewer observations with high, negative growth rates. This result is intuitive and is in
line with our previous observations: Crises can typically be characterised by a sharp
drop in average growth rates and seem to generally lead to a debt build-up afterwards.
However, when considering longer time periods, these dramatic events are typically

7 It would be interesting to compare the debt trajectories of countries surpassing the debt threshold from
below with the average growth rate and its deviation for the group of countries that surpass the same debt
threshold from above or to introduce an additional requirement, that any country would have to stay above
(below) the various threshold values for a pre-specified time period to eliminate short-term disturbances. As
it stands, this is left for further research.
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Fig. 6. Average k-period-ahead GDP Growth rates vs. debt threshold levels T, quarterly OECD data,
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smoothed out and hence the hypothesised causal relationship from debt to growth
would be expected to wash out too. This is precisely what we observe in Figure 5 when
comparing, in particular, the 5th percentile across all four panels: Most notably, for
the case of &£ = 15, we see that 95% of all recorded cases show an average growth rate
of approximately 1.5% for a debt level of T = 20 compared to approximately 1% for
7 = 160.

Finally, we apply the same approach to our quarterly data set from the OECD. For
this case, and because of data availability issues, we limit our analysis to the one-,
five- and 10-year-ahead growth rates only. From Figure 6, we can see some consist-
ency with our results using the corrected Reinhart Rogoff (2010) data set: Extending
the time horizon smooths out negative effects and reduces variation, also that mid-run
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growth rates seem to be consistently above the 1% mark for 95% of the considered
sample and debt levels up to 7 = 160. In contrast to our earlier results, we can see
more clearly the increased uncertainty around k-period-ahead growth rates caused by
the quarterly fluctuations and the increase in volatility in growth rates from 2009 on-
wards. Nevertheless, growth figures are nowhere near the negative aggregates reported
in Reinhart and Rogoff (2010) for the 90% threshold, of which there appears to be
very little evidence.

4. Conclusion

The continuing debate over the imposition of measures to deal with sovereign indebt-
edness, since the financial crisis, has become centred on the seminal contribution by
Reinhart and Rogoff (2010). With the wide adoption of fiscal discipline policies, also
known as austerity, the importance of this perspective for economic policy should not
be overstated. Since the publication of various inaccuracies in methodology pointed
out by Herndon et al. (2014) among others, the argument has continued unabated.
Our straightforward contribution to this topic critically assesses the results in Reinhart
and Rogoff (2010) and the empirical strands of literature that have evolved from the
‘debt-threshold’ view.

The discussion of the empirical literature reveals that there is mixed to little evi-
dence of any negative causal effect of high sovereign debt upon economic growth and
that cross-country heterogeneity seems to play a crucial role in the analysis of the rela-
tionship. In the second part of our study, we have offered a time series perspective by
contrasting the widely used Reinhart and Rogoff’s (2010) data with a second more re-
cent and higher-frequency OECD data source. Using the second data source allows a
robustness exercise in our analysis and offers a more sophisticated view of the direction
of this contentious relationship. Furthermore, we enjoy a sample that encompasses a
full decade after the financial crisis and one that controls for changes in the dynamics
between public debt and economic growth since.

When analysing the inter-temporal linkage between growth and debt, our time series
analysis provides crucial evidence on the much debated possibility that growth can be
endogenous on the level of external public debt. Whereas some previous studies have
assumed that this causality is one way, our study of the data lends itself to the ‘reverse’
causality hypothesis. We build this argument, firstly, on the observations that the times
series plots for growth in GDP, over the last six decades, reveal a downward trend over
the sample; a fact which could be the actual explanation for any negative correlation
between debt and growth. Secondly, after the financial crisis, it is evident that the
number of higher debt regimes has exploded, offering support for reverse causality of
debt caused by economic slumps. Thirdly, it seems that periods of low growth tend
to be clustered around common time periods for many countries and not bound to
country samples displaying particularly high levels of debt, thereby offering further
support for reverse causality.

In addressing the question of the existence of a debt threshold, we find no evi-
dence that countries will experience significant reductions in GDP growth after sur-
passing a certain percentage of the debt-to-GDP ratio. We draw this conclusion from
observing the evolution of average growth rates (and their variation) over an interval of
very low to very high aggregate debt levels. We demonstrate that the average negative
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relationship between economic growth and the debt-to-GDP ratio strongly depends
on the time dimension of consideration, and that accounting for business-cycle effects
and short-term volatility accounts for much of the negative variation in growth figures.
Our observations add to the evidence for the case of ‘reverse causality’ and suggest that
a much more rigorous analysis on the effects of higher public debt is required, espe-
cially where the policy impact of a study is so high.
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Appendix Al

For annual data, we use the corrected Reinhart and Rogoff’s (2010) data set by
Herndon et al. (2014, publicly accessible at https://www.peri.umass.edu/publication/
item/526does-high-public-debt-consistently-stifle-economic-growth-a-critique-of-
reinhartand-rogo-ff, last visit February 2017) and follow the authors’ sampling choices
to obtain one-period-ahead GDP growth rates for a sample of 20 OECD countries
for the period 1946-2009. We composed our quarterly data from the following two
sources of OECD.StatExtract:

* We use the OECD Quarterly National Accounts data set (http://stats.oecd.org/
Index.aspx?DataSetCode=QNA, last visit September 2018) to obtain ‘US dollars,
volume estimates, fixed PPPs, OECD reference year, annual levels, seasonally
adjusted’ (VPVOBARSA) in order to calculate GDP growth rates.

» For the gross government debt ratio, we use ‘general government total gross debt,
percentage of GDP at current prices and national currencies’ (PCTGDPA) taken
from OECD’s Quarterly Public Sector Debt (http://stats.oecd.org/Index.aspx?
DataSetCode=QASA_TABLE7PSD, last visit September 2018).

We restrict our analysis to the same group of countries which results in a sample
of 19 countries, given that there is no quarterly OECD debt data available for New
Zealand. Please see Table Al for a summary statistic of both data sets.

Table Al. Summary statistics

Stats Period GDP growth rate Debt-to-GDP ratio
RR OECD RR OECD RR OECD

Min. 1946 1995 -10.942 -10.282 3.279 4.015
1st Quartile 1963 2002 1.928 0.886 21.743 53.513
Median 1979 2008 3.310 2.086 39.839 71.954
Mean 1979 2007 3.428 1.924 45.389 82.233
3rd Quartile 1994 2013 5.100 3.311 60.238 106.028
Max. 2009 2018 27.329 29.119 247.482 240.149

Note: Corrected Reinhart and Rogoff’s (2010) data (referred to as RR) obtained by following Herndon
et al. (2014) with 7 = 90, £ = 1 left, quarterly OECD data (referred to as OECD) with 7 = 90, & = 4 right.
Country (obs.) Reinhart and Rogoff’s (2010) data: Australia (64), Austria (59), Belgium (63), Canada
(64), Denmark (56), Finland (64), France (54), Germany (59), Greece (21), Ireland (63), Italy (59), Japan
(54), Netherlands (53), New Zealand (61), Norway (64), Portugal (58), Spain (42), Sweden (64), UK (63),
USA (64). Country (obs.) quarterly OECD data: Australia (93), Austria (73), Belgium (90), Canada (93),
Denmark (73), Finland (73), France (70), Germany (78), Greece (73), Ireland (77), Italy (90), Japan (85),
Netherlands (78), Norway (90), Portugal (78), Spain (90), Sweden (90), UK (93), USA (93).
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Appendix A2

We build on the argument developed in Domar (1944) who analyses the economic
effect of sovereign debt. Assuming a balanced budget, the debt-to-GDP ratio in period
t, D,, is can be written as

Debr,
GDP,

Debt[_l GDPZ_l
GDP,_; GDP,

=D, =(14r)

Using the fact that G%%’_t - = (1 + GR,), the above relationship can be expressed in a

linear log approximation as
log (D,) = 6X+ 0GR, + v,

where we collect the lagged debt ratio and the interest rate in X. Using equation (1),
the OLS coefficient for D,, is given by

~  Cov(GR,, D,)
P2 D)

with Elu]=E[v] = E[u, v]=0, E[u?] =02, E[v}]=02 for all 1, Bis un-
biased only if # = 0 as

Cov (GR,, D,) = E (|GR, — E[GR)]] x [D, — ED,]])
= E|[[Bv; + u] X [fu, + v;]]
= E [Bv? + 0u? + yv,0u, + uv,]
= Bo2 + 002
and
Var(D,) = E (ID, — E[D,)*)
= E ([0u, + vJ?)

_ 2.2 2
=00, + 0.
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Appendix A3
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Fig. Al. Indiwvidual country plots of GDP growth, Reinhart and Rogoff’s (2010) data, 1946—2009.



Page 26 of 28 J. Amann and P. Middleditch

Australia Austria

150

Denmark Finland

100
75
50
25

Debt to GDP Ratio

Netherlands New Zealand

Norway Portugal

1960 1980 2000 1960 1980 2000

GDP Growth Rate —— below 0% -~ between 0% and 2% - above 2%

Fig. A2. Individual country plots of debt-to-GDP ratio, Reinhart and Rogoff’s (2010) data,
1946-2009.
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Fig. A4. Individual country plots of debt-to-GDP ratio, quarterly OECD data, 1996Q01 to
201802.





