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Abstract

We propose a stochastic indicator to assess government debt sustainabil-
ity. This indicator combines the effect of economic uncertainty —represented
by stochastic simulations of interest and growth rates— with the expected fiscal
response that provides information on the long-term country specific attitude
towards fiscal sustainability. We apply our framework on post-war data for
nine OECD countries and find that our indicator —the potential increase in
debt in bad states of the world— distinguishes countries that have sustainability
concerns: Italy, Spain, Portugal and Iceland, from those that do not: United
States, United Kingdom, Netherlands, Belgium and Germany.
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1 Introduction

Whether government debt —and fiscal policy in general- is sustainable in the medium
and long-term has been one of the main topics of debate in the current Euro crisis.
An assessment of debt sustainability is a key input in decisions concerning the speed
of fiscal consolidation, the need for reform and the determination of risk premia on
government debt. Furthermore, fiscal surveillance is a key concern within a mone-
tary union, where unsustainable public finances may cause significant cross-border
spilloversE There is considerable debate, however, on how to measure debt sustain-
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ability. The original sustainability norms envisaged at the creation of the European
Monetary Union (EMU) were to follow the Maastricht Treaty criteria: ceilings of
3% and 60% on government deficits and debt-to-GDP ratios, respectively. However,
these criteria have proven to be inadequate as several countries violated these cri-
teria without consequences, while others that met them have been nonetheless hit
by the crisis. In particular, Spain had debt-to-GDP ratios and budget deficits well
below these Maastricht limits, but has still suffered sovereign debt problems.

The objective of this paper is to find more informative economic indicators that
provide guidance on medium- and long-term fiscal sustainability. We develop a
dynamic framework for the assessment of sustainability of public finances and focus
on the question whether governments can be expected to be "in control" of public
finances. Our approach entails a simple and practical stochastic simulation which
takes into account the response of fiscal policy to the state of public finances.

Our methodology has two steps. First, we follow Bohn| (1998, 2008) and esti-
mate a fiscal reaction function (FRF'), which provides information on the long-term
country-specific behaviour of that country’s government and its attitudes towards
fiscal sustainability. A positive and significant FRF coefficient denotes a country that
has been committed to reduce or maintain steady debt-to-GDP ratios conditional
on short-term economic fluctuations and temporary government expendituresﬂ In
the second step, the estimated FRF is combined with the stochastic debt simulation
method proposed by (Celasun et al.| (2006) and Budina and van Wijnbergen| (2008),
which uses historic volatility of interest and growth rates to generate a distribution
of future expected debt levels. We then simulate this model ten thousand times to
generate a distribution of debt paths, which can be used to analyse the effect of
fiscal responses and interest and growth rate volatility on debt-to-GDP ratiosﬂ

The main contribution of this paper is that using this framework we derive a
stochastic indicator for the assessment of sustainability of government debt. Our
indicator provides insight into the question whether a country is "in control" of its
public finances. In practical terms, debt can be regarded as sustainable if it does
not lead to ever diverging debt ratios in the long run —i.e. if the simulated debt-
to-GDP distribution is properly defined and bounded (Hall, [2013). We define our
sustainability indicator to assess the upward risk associated with the distribution
of the simulated future debt levels. In particular, our indicator measures the devi-

2In particular, a positive and significant FRF coefficient can be interpreted as a government that
engages in fiscal austerity to reduce debt levels even when markets are not specifically concerned
about those debt levels, nor is there international pressure (e.g. EU institutions) to reduce them. A
reason for engaging in austerity even when not forced might be that fiscally responsible politicians
have larger re-election probabilities in advanced economies (Brender and Drazen, 2005} 2008]).

IMedeiros| (2012) also combines a VAR with a fiscal reaction function. However, he relies on
shorter time series and is therefore restricted to estimate a panel fiscal reaction function that yields
the average fiscal response. This approach thus has the limitation that it assumes that each country
has the same fiscal response, irrespective of institutional settings, policy-maker attitudes towards
debt and historical precedents. Berti| (2013) uses a VAR to capture the shocks as well, she however
has no endogenous fiscal response, yet focuses on incorporating central projections for fiscal policy.



ation of the distribution’s upper bound with respect to its medianﬁ Note that we
explicitly avoid using any limit or critical debt level as part of our sustainability
indicatorﬁ If the upward risk is large —as reflected in our sustainability indicator—
default fears cannot be dismissed as irrational, since after all, the debt level could
rise significantly. A stronger FRF limits upward risk and leads to lower indicator
values, reflecting the confidence by market participants that the government will
take the actions necessary to restore financial stabilityﬁ Conversely, more volatile
interest and growth rates increase upward risk as they lead to more uncertainty.

Given the long-term character of a fiscal response, we collected annual historic
data on GDP and government finances for nine OECD countries spanning over a
century: United States, United Kingdom, Netherlands, Belgium, Germany, Italy,
Spain, Portugal and Iceland. In this paper we focus on the post Second World
War period, using the pre-war data as a robustness check. We find that until the
1980s, public debt was reduced by real growth and relatively low -and at times
negative- real interest rates. In practical terms, this means that in this period it
was not necessary to implement fiscal austerity plans to substantially reduce public
debt. With financial liberalisation from the 1980s onwards, however, governments
are less capable of controlling real interest rates and this increased the importance of
fiscal policy for debt sustainability. We find that for the United States, the United
Kingdom, the Netherlands, Belgium and Germany the fiscal response to increases
in the debt-to-GDP ratio has been robust and positive for the whole sample as
well as the post-war period. On the other hand, Spain, Portugal and Iceland have
non-significant fiscal responses in the post-war period, which creates doubts about
their capacity to reduce debt by fiscal austerity. Italy has a positive and significant
fiscal response coefficient, yet has debt sustainability concerns as its high current
debt level makes it very susceptible to fluctuations in interest and growth rates. For
instance, the simulated future debt paths for Italy, Spain, Portugal and Iceland show
that their larger interest and growth rate variance requires a relatively large fiscal
response to prevent debt levels from becoming unsustainable.

Finally, we show that our debt sustainability indicator ("DSI") performs well as
an early-warning indicator. When we use only data until 2007 (i.e. prior to the
financial crisis), we find that our indicator is highly correlated with sovereign risk

4For example, if the distribution of the simulated debt levels is relatively wide, then the probabil-
ities of future debt levels to increase substantially are higher than when the distribution is relatively
narrow. This upward risk is captured by a higher level of our sustainability indicator. Technically,
our indicator is defined as the difference between the 97.5% upper bound minus the median of the
simulated debt distribution. The use of the 97.5% level is arbitrary, but using values of 95% and
99% yield the same qualitatively results.

5Several papers find that debt above a certain level has negative consequences for economic
growth (Reinhart and Rogoffl |2010; (Cecchetti et al., [2011; |Checherita-Westphal and Rother} 2012}
Egert7 2012; |[Baum et al., |2013). However, the causality between debt and growth is difficult to
establish and critical debt levels are generally country-specific (e.g. Japan has debt levels way
above any critical level mentioned in the literature, while other countries had debt crisis well below
these critical levels), which makes the cross-country results from these studies not informative in
an indicator when applied to different countries.

SBursian et al.| (2015) study the role of trust on fiscal reaction functions.



premia between 2009 and 2012. Our indicator thus clearly identifies those countries
that were later hit by the debt crisis: Portugal, Iceland, Italy and Spain. Moreover,
it outperforms market based indicators prior to the crisis such as CDS rates in 2007.

An assessment of debt sustainability using this approach can complement exist-
ing indicators. Static sustainability indicators, such as the size of public debt or
the budget balance are often used to assess government finances in the short- and
medium term (European Commission), 2012b)m While these indicators are straight-
forward and unambiguous, they provide little information on the uncertainties public
finances face in the near future. Moreover, these indicators neglect the role of the
policy maker in controlling public debt. There is ample evidence, however, that the
responsiveness of fiscal policy to economic setbacks and the quality of fiscal institu-
tions are essential to debt sustainability. Our approach contributes to this literature
by explicitly modelling the effect of economic uncertainty on medium/long term debt
sustainability. Nevertheless, it is important to note that our results are not informa-
tive over short-term developments. In particular, our analysis is based on ex-post
data (at least a year old) that already accounts for any endogenous behaviour be-
tween fiscal policy, financial markets and the real economy —but these mechanisms
are still at play in any short-term debt sustainability assessment and thus, they are
beyond the scope of our analysisﬁ

The paper is organised as follows. Section [2| presents the theoretical background
on debt sustainability. Section [3] describes the data. In Section [4] we elaborate on
our empirical strategy and present country-specific econometric results. Section
describes our stochastic analysis and Section [6] explains how we construct our debt
sustainability indicator and how to apply it as an early-warning indicator. Section
[ summarises our main results.

2 Fiscal reaction functions and debt sustainability

We analyse debt sustainability using the approach developed by Bohn| (1998, [2008).
In essence, Bohn equates fiscal sustainability with the stationarity of the debt-to-
GDP time series —i.e. when the debt-to-GDP time series is stationary over time, the
debt is sustainable. His approach uses historical information on government finances
and identifies the channels that determine the path of the debt-to-GDP ratio over
time.

Bohn’s approach uses two equations to determine the evolution of the debt-to-
GDP ratio: the accounting equation for debt and a behavioural equation for pri-
mary surplus. Both equations are specified with an error-correction for the primary

"See http://ec.europa.eu/economy_finance/economic_governance/index_en for an overview
of European regulations and directives based on such indicators. For the long term, the European
Commission employs projections to assess the sustainability of public finances against the back-
ground of ageing populations (European Commission), [2012a)).

8Readers interested in short-term behaviour should use indicators from the signals approach
(Berti et al., |2012) or resort to structural modelling.
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surplus-to-GDP ratio and the debt-to-GDP ratio. First, the accounting equation:

1+7°t
I+ uy

dip1 = (dt — st), (1)

which says that the debt-to-GDP ratio at the beginning of period ¢t + 1, dy41, equals
the debt-to-GDP ratio at the beginning of period ¢ minus the primary surplus-to-
GDP ratio over period t, s¢, times the gross interest rate factor over period ¢, 14 r,
divided by the change in the GDP over period ¢, 1 + ytﬂ For our analysis we use
real growth and interest rates[T")

Second, we estimate a behavioural equation for the primary surplus-to-GDP
ratio, which tells us how the government’s budget responds to debt accumulation
given a structure of shocks occurring in the background. We estimate the following
regression:

st = a+ pdy + BZLy + &, (2)

where p is the fiscal reaction parameter, which indicates whether the government
has increased its primary surplus as a reaction to an increase in the debt-to-GDP
ratio, Z is a set of other primary surplus determinants and &; is an error term. We
will refer to this equation as the fiscal reaction function (FRF)EE

The use of Z is crucial to account for shocks and it consists of two variables:
YVAR, a measure of cyclical fluctuations in output (e.g. business cycles); and
GVAR, a measure of temporary government spending (e.g. military expenditure
during war periods)E The presence of these shocks makes it difficult to detect if
d is stationary. Including these variables, hence, is crucial for the results (Bohn)

1998) 1]

9Throughout this paper stock variables are defined at the beginning of the period, whereas flow
variables are defined over the period. Interest rates refer to effective interest rates defined as the
proportion of interest payments to the overall government debt level.

10We could have used nominal growth and interest rates as well. Note that the nominal interest
rate is given by i = (1 +r)(1 + 7) — 1 with 7 inflation, and the nominal GDP growth rate is given
by g = (1 +y)(1+7)— 1. In equation they cancel out to the first order.

"'Note that it is also possible to postulate an auto-regressive process for s;, as in |Bartoletto et al.
(2013). Then the actual fiscal response is captured by a combination of an auto-regressive and a
response to debt parameter. We prefer to stay as close as possible to Bohn’s approach and proceed
by calculating our fiscal response using autocorrelation consistent estimators in Section

2There is a potential bias in equation , which is of limited consequence. If the debt-to-GDP
ratio has a unit root, the estimated fiscal response coefficient will be biased downwards towards
zero. Then, the parameter § (to be introduced later) will be biased upwards and we will conclude
with even more certainty that debt is not sustainable. If the debt-to-GDP ratio does not have a
unit root, our results are unbiased and this does not matter. We added text to bring this point
across.

13Bohn| (1998) uses Barro| (1979)’s classical tax-smoothing theory to underpin the use of these
variables as temporary government expenses and the effects of business cycle slow-downs should be
financed by a higher budgetary deficit.

MFrom our empirical estimations, however, we find that the crucial variable is YVAR. In our
sensitivity analysis, when we drop GVAR and use only YVAR, our main results hold (see Section
. Moreover, our results are also robust to the use of lagged YVAR and GVAR variables to
control for an unknown form of endogeneity in Equation




Substituting equation in yields an expression for the evolution of the debt
level:

diy1 =71 —p)dy — v (o + BZy + &), (3)

where v summarises the relationship between interest rates, growth rates and infla-

tion:
o 1 + Tt

14y
As E(Z;) = 0, debt sustainability becomes a function of v and p. When we use av-

erage values for interest and growth rates (7 and g, respectively), we can summarise
this information using the parameter ¢, such that:

Yt

5=v<1—p>=1j;<1—p> (4)

We distinguish three cases:
e § < 1 implies stationary debt-to-GDP ratios[| [[f]

e § > 1 but with 0 < p < 7 — g implies mildly explosive paths for debt-to-GDP
ratios (but growing slowly enough to be consistent with IBC)E

e § > 1 with p <0 and 7 — y > 0 characterises exponentially growing debt.

We require, following |Bohn| (1998, 2008) and |Ghosh et al.| (2013), a stationary
process for the debt-to-GDP ratio — thus § < 1. By doing so, we deviate from the
literature that uses unit root or cointegration tests to test whether the intertemporal
budget constraint (IBC) holds@ As the intertemporal budget constraint holds
whenever there is any corrective action (p > 0), a mildly explosive debt path is not
ruled out. This can be problematic as a mildly explosive debt path implies a mildly
explosive path for the fiscal response (p times d) and hence primary surplus as well
(Bohn, [2007)).

Requiring a stricter condition on sustainability makes the features of the FRF
test not less convenient. Mendoza and Ostry| (2008) describe in detail the benefits
and limitations of the FRF analysis. First, it does not require knowledge of the

5Bohn| (1998) argues that the coefficient estimates of equation are unbiased if § < 1. He
assumes that ¥ and « + BZ; + ¢, are stationary and states that if (1 — p)y < 1 then d should be
stationary. If d is stationary, the debt-to-GDP ratio follows a auto-regressive process with near unit
root behaviour and OLS coeflicient estimates are unbiased. If (1 — p)¥ > 1, estimates of p may be
biased towards zero, which makes debt look even more non-stationary.

The deterministic steady state debt level can be obtained by writing equation in first
differences:

Adt+1 = - (1 - 6) dt - ’S/OZ,

where we use that, by construction, F(Z¢) = E(e:) = 0. Then the deterministic steady state yields
d=(1-0)""70

17See [Bohn| (2007) for a formal proof. At the boundary between the first and the second case lies
a difference-stationary debt (this is the most studied scenario in the unit root literature).

8See |Afonso| (2005) for a survey of these type of studies.



specific set of government policies on debt, taxes and expenditures. The FRF test
determines whether the outcome of a given set of policies implicit in the past primary
balance and debt data is in line with fiscal solvency, without knowing the specifics
of those policies. Second, since asset pricing applies to all kinds of financial assets,
the analysis does not require particular assumptions about debt management, or
the composition of debt in terms of maturity or denomination structure. Third,
it relies entirely on ex-post realisations of all our variables. This means that it
already contains the outcomes of the endogenous process that interacts governmental
policies, financial market assessments and the response of the real economy in the
short-run.

A final remark concerning the FRF analysis is that a time-invariant conditional
response of the primary balance to the debt level (p) alone is a sufficient but not
a necessary condition for debt sustainability. A non-linear and/or time varying
response can also generate fiscal solvency as long as the response is strictly positive
above a certain debt-to-GDP threshold ratio. This implies that countries without
a positive p and with v > 0 do not necessarily have unsustainable government
finances. Theoretically, they could have a response that kicks in at some higher,
not yet reached, debt level or specific set of government policies that will likely
improve primary surplus in the future. In practical terms, this refers to non-linear
relationships in equation , for which we test in our empirical analysis.

What does this analysis tell us about the channels through which the debt level
is controlled? From equation ({4]) we see that the evolution of the debt ratio is driven
by three contributing channel

1. Fiscal reactions. These are captured by the estimated coefficient (p) of the
FRF and provide information on the historical fiscal reaction of governments
(i.e. changes in primary surpluses) to changes in the debt-to-GDP ratio. A
positive and significant FRF coeflicient denotes a country that has been histor-
ically committed to reduce or maintain steady debt-to-GDP ratios conditional
on short-term economic fluctuations and temporary government expenditures
(e.g. military expenditures during Wars)m The estimated FRF coefficient is
a long-term country-specific institutional indicator that provides information
on the fiscal behaviour of that country’s government and its attitudes towards
fiscal sustainability@

2. Real growth dividend. This term has a beneficial effect on the debt-to-GDP
ratios when real GDP growth (y) is positive and sustained over time. There-

9We depart slightly from Bohn’s classification, who defined "growth dividend" as the difference
between real interest rates on government debt and real GDP growth rates.

2OFor instance, in terms of the recent Euro crisis, a positive FRF coefficient can be interpreted
as a government that engages in fiscal austerity to reduce debt levels even when fiscal policy is
not pro-cyclical, or markets are not specifically concerned about those debt levels, nor is there
international pressure (e.g. EU institutions) to reduce them.

21 A probable reason why these fiscal reactions could be persistent is that in advanced economies
fiscally responsible politicians at the national level have larger re-election probabilities (Brender
and Drazen| 2005} 2008).



fore, this term groups governmental policies —such as structural reforms— and
external factors —such as technological innovations— on the real economy that
have a medium- to long-term effect on real growth rates.

3. Real effective interest rates (r) on government debt. This is the difference
between the nominal interest and the inflation rate. Thus, this category groups
the monetary and financial policy instruments available to governments to

reduce debt levels/Z]

If economic growth y is larger than the effective interest rate r, then v < 1 and
the debt-to-GDP ratio decreases over time and a positive fiscal response is not
needed to assure debt sustainability. This is also known as the "Aaron condition"
(Aaron| 1966). If this condition is not met (e.g. y < r and thus, 7 > 1) then debt
sustainability depends on the fiscal reaction function: primary surpluses should be
sufficiently responsive to the debt-to-GDP ratio to arrive at a stationary debt-to-
GDP level.

3 Data

We analyse countries with historical time series of at least 70 yearsﬁ The coun-
tries in our sample are: the United States (USA), the United Kingdom (GBR), the
Netherlands (NLD), Belgium (BEL), Germany (DEU), Italy (ITA), Spain (ESP),
Portugal (PRT) and Iceland (ISL). Long-time series are necessary as reliable esti-
mates of the FRF should span several business cycles and contain periods of increas-
ing and decreasing debt levels.

As most countries were affected significantly by the Second World War, the end of
the war provides a natural starting point for our main sample@ In this period, our
estimations can be directly related to the current institutional settings in our nine
OECD countries. Thus, using the post-war sample we can abstract from considering
other institutional settings that may have been present if we used the full historical
sample —that includes data as far back as 1691 for the United Kingdom. Therefore,
we only use the full-sample results as a robustness check for the post-war sub-sample.

We use the following time series: nominal GDP, real GDP, GDP deflator, gross
debt, primary surplus, interest payments on gross debt and government expendi-
tures )| YVAR is obtained from the real GDP series and GVAR from government

22These policies are also linked to the term "financial repression" coined by [Reinhart and Sbrancial
(2011)), who define it as policies that depress real interest rates —while the extreme case of periods
with negative real interest rates is defined as "liquidation years".

25With the exception of Germany, for which we only have complete data from 1970 onwards.

24The exact initial year of the sample varies between countries because of particular data limita-
tions.

ZThe last variables are all in nominal terms.



expenditures as a percentage of GDP. The sources and the assumptions we made
while preprocessing the data are fully described in Appendix

In Figure [1] we show the debt level per country in the post-war sample. Five
countries: the United States, the United Kingdom, the Netherlands, Belgium and
Spain begin with high debt levels after the Second World War. These levels declined
sharply afterwards, but have increased again in the later period —especially in the
last decade. The other countries: Germany, Italy, Portugal and Iceland began the
period with relatively low debt levels and have experienced steady debt increases.

As is shown in Figure [f] in the Appendix real growth rates have declined on
average for all countries since the Second World War. Italy, Spain and Portugal,
however, experienced a growth boom in the 1960s, while Iceland did so in the late
1970s. To identify periods with low real interest rates, Figure [7] in the Appendix
plots nominal interest rates against inflation (estimated from the GDP deflator).
Low real interest rates were experienced in all countries until at least the 1980s
and was largest for Iceland, Italy, Portugal and Spain. This is consistent with the
findings in [Reinhart and Sbrancial (2011)).

Figures 8 to[I2]in the Appendix show the time series for the debt-to-GDP ratio,
the primary surplus to GDP ratio, and ~ per country for the post-war sample. In
addition, we show the military expenditure for the US and the UK.

Finally, Table [3] in the Appendix shows the results of standard unit root tests.
They confirm our expectations from the previous section: the presence of a unit
root is firmly rejected in primary surplus, YVAR and GVAR for most countries, yet
cannot be ruled out in the debt-to-GDP time series. This is a result of the low power
of standard unit root tests in distinguishing unit root from near unit root processes.

4 Estimating fiscal reaction functions

Our empirical strategy is straightforward and consists of two main components.
First, we estimate equation for all countries to obtain the fiscal response pa-
rameter p. Second, we calculate the average values for the real interest rates and
real growth rates and use these values to obtain v. With both sets of information
we then estimate § as defined in equation (4). Using this information we analyse if
government finances have been sustainable and if it was due to prudent fiscal policy,
low real interest rates or the growth dividend.

We also tried a panel analysis. However, this approach is highly problematic.
First, we find them non-informative due to large cross-country heterogeneity in
response to fiscal policy, business cycles and temporary expenditure spells. Second,
the results yield a country-average assessment of debt sustainability, while debt
sustainability concerns are mainly country-specific.

26Table presents a short summary of the available data. Furthermore, unit root tests reject
the presence of a unit root for all variables, except the debt-to-GDP ratio series. This is however
closely related to the topic of the paper and treated extensively in Section E}

9
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Figure 1: Debt-to-GDP ratios in the post-war period.
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4.1 Linear regressions

The fiscal response coeflicients are estimated on the post-war period using both OLS
and autocorrelation and heteroskedasticity consistent estimators. As control vari-
ables we use the indicator of fluctuations in income growth (YVAR) and fluctuations
in government expenditures (GVAR), given the importance of these two variables
for the analysis (cf. Bohn, 1998)@

Analogous to Bohn! (2008), we use an HP-filter (A = 100) to extract the trend
component of log real GDP and define YVAR as the gap between the actual value
and this trend in percentage points of GDP@ We extract GVAR analogously to
YVAR by using the cyclical component of government spending@ These linear
multivariate regressions are the core of our empirical analysis, but we check the
robustness of these results in Section [£.4]

4.2 Non-linear regressions

We also examine whether the response of the primary surplus to an increase in the
debt-to-GDP ratio is non-linear. There are different ways, however, to interpret
these non-linearities. On one hand, non-linearities may arise because —above a cer-
tain debt-to-GDP ratio— the incentives for policy makers to increase the primary
surplus are missing, causing a debt overhang problem. This concept was introduced
by [Krugman| (1988) and confirmed empirically by |Callen et al.| (2003) and Mendoza,
and Ostry| (2008) for emerging market economies. On the other hand, non-linearities
may arise because policy makers get increasingly nervous about the possibility of
losing access to capital markets. In that case there are larger fiscal responses at
higher debt levels. For instance, high debt levels can raise financing difficulties for
the government. Bohn (1998, [2008)) finds that for the United States the conditional
response of primary surplus to debt is stronger when the debt-to-GDP ratio is high
by historical standards. In their recent study on fiscal space Ghosh et al.| (2013
combine both views.

We test for non-linearities using two approaches. First, we add the quadratic
terms: d? and (d; —d)? as explanatory variables in equation , where d is the mean
value of d. Second, we examine if the fiscal response is different above a certain level
of debt-to-GDP. To test this we create three dummy variables: dmaz, dmaz4g and
dmazxgy, where dmax = 1 if the debt-to-GDP ratio is above the historical debt
average, and otherwise dmaz = 0. Accordingly, dmazy and dmazxgy are equal
to one if d is above 40% and 60%, respectively. We add each additional variable
separately in equation , but only present the results for d? and dmaze.

2"The univariate regressions are available upon request.

28 A more structural way is to estimate potential GDP first and then define the difference between
actual and potential GDP as the output gap. This is used by the |(OECD]| (2005). We do not apply
this method due to data limitations. However, the HP-filter generates an output gap comparable
to those in OECD (2005), so the potential measurement error is small.

29Mendoza and Ostry| (2008) also use this approach. Their results are robust to different specifi-
cations for extracting the cyclical component.
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4.3 FEconometric results

The country-specific results are summarised in Table [l The upper part of this table
presents a summary of the regression results in Tables [5] to [I3] in the Appendix.
For the United States (USA), the United Kingdom (GBR), the Netherlands (NLD),
Belgium (BEL), Germany (DEU) and Italy (ITA) the fiscal reaction coefficient (p)
is positive and significant for the post-war samplem This shows that these govern-
ments have significant and strong fiscal responses to increases in the debt-to-GDP
ratio, once we control for the business cycle (YVAR) and temporary expenditures
(GVAR). On the other hand, Spain (ESP), Portugal (PRT) and Iceland (ISL) do
not have significant fiscal reaction coefficients, and it is even negative for the last
two countries.

Furthermore, when using non-linear specifications we find that for the United
States, the Netherlands, Belgium and Italy the response to square debt is positive
and significant. This means that these governments have a stronger fiscal response
when debt-to-GDP ratios are above their historical average. Contrastingly, the non-
linear coefficients are negative and significant for Germany, Spain, Portugal and
Iceland, which creates additional concerns about the debt sustainability of these
countries.

The lower part of Table [1| presents the average value of real interest and growth
rates and provides our summary parameters: 7 (i.e. the Aaron condition) and §
(which combines the Aaron condition with fiscal reaction coefficient p) for three
different time periods. Recall that the Aaron condition (7 < 1) can be satisfied with
low (or negative) real interest rates, the growth dividend, or a combination of both
and that government finances are deemed sustainable if 6 = v(1 — p) < 1.

The Aaron condition is satisfied —on average— for all countries in the post-war
period, except for Belgium and Germany@ However, since Belgium and Germany
have a sufficiently positive and significant fiscal reaction coefficient (p), their § pa-
rameter is below one and government finances are deemed sustainable. This applies
to all other countries on average in the post-war period too. However, there is a
structural change for most countries at the end of the 1980s. We chose the year 1987
as the break point of the series for illustrative purposes, these results do not depend
on the exact year that is chosen. For Italy and Spain we find negative real interest
rates until the late 1980s. After 1987 interest rates have large average values well
above their average growth rates and thus, both countries do not satisfy the Aaron
condition any longer. This combination of higher interest rates and lower growth
after 1987 also applies to the United States, the United Kingdom, the Netherlands,
Belgium and Germany. On the other hand, Portugal and Iceland still had relatively

30The policy response of the United States decreases significantly when 2010 and 2011 are included
in our estimations. This may imply a structural break in the fiscal stance towards debt or it may
indicate that the US government has a delayed response to debt increase which has yet to materialise.
However as the fiscal response from the longer historical time series 1792-2011 equals the response
from 1948-2009 (compare columns 1 and 7 in Table [5|in the Appendix), we prefer long-term fiscal
responses to short-term variations at the end of the sample and choose to restrict our sample.
31Bohn| (2011) also finds that v < 1 for the US.
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Table 1: Summary of estimated coefficients, average values and the d-parameter, for
all countries in the post-war and sub-samples.

USA GBR NLD BEL DEU ITA ESP PRT ISL
1948- 1946- 1948- 1955- 1970- 1948- 1946- 1945- 1946-
2009 2011 2011 2011 2011 2011 2011 2011 2011

Estimated coefficients from linear regressions:

p 0.078 **+  0.045 *++ 0.078 **+ 0.038 *++ 0.026 * 0.073 *++  0.005 -0.005 -0.020
YVAR 0.284++  0.410 0.451 *++  0.612 *++ 0.227*+  0.360 0.298 == 0.053 0.203
GVAR -0.083 -0.143 0.046 -0.101 *** -0.260 **+ -0.039 -0.039 -0.048 -0.093

Estimated coefficients from non-linear regressions:

d? 0.238 * 0.021 0.158 *++  0.153 *  -0.196 *x* 0.370 *** -0.820 *++ -0.106 -0.114
dmaxeo 0.044+  -0.037 -0.019 -0.038 -0.022 #x  0.125 *+*x -0.120 **+ -0.050 *** -0.050

Average values, full post-war sample (varies by country):

=3I

S

Average values, post-war until 1986:

=3I

S 2

Average values, 1987-2011:

=3I

S 2

0.022 0.015 0.022 0.042 0.036 -0.004 0.001 -0.036 -0.054
0.032 0.022 0.035 0.028 0.021 0.036 0.042 0.037 0.053
0.991 0.993 0.988 1.014 1.014 0.961 0.960 0.929 0.898
0.913 0.948 0.911 0.975 0.988 0.891 0.960 0.929 0.898

0.013 0.003 0.008 0.043 0.025 -0.026 -0.044 -0.056 -0.093
0.036 0.023 0.042 0.034 0.025 0.051 0.049 0.045 0.069
0.978 0.980 0.968 1.009 1.000 0.927 0.912 0.903 0.848
0.902 0.936 0.892 0.970 0.974 0.859 0.912 0.903 0.848

0.037 0.035 0.044 0.042 0.042 0.033 0.073 -0.001 0.010
0.025 0.021 0.024 0.021 0.019 0.013 0.031 0.025 0.028
1.011 1.013 1.020 1.021 1.024 1.020 1.041 0.974 0.983
0.932 0.968 0.940 0.982 0.997 0.945 1.041 0.974 0.983

Notes: The full regression results are shown in Tables[5to[[3]in the Appendix. Significance levels:
*** p<0.01, ** p<0.05, * p<0.1 (computed using heteroskedasticity- and autocorrelation-consistent
standard errors with Newey-West lag window of size 1). Dependent variable is the primary surplus
to GDP ratio. Explanatory variable YVAR is the gap between log real GDP and its trend and
GVAR is the gap between log of government expenditures and its trend for all countries but the
USA and GBR (for which "gvar" equals military expenditure). Both trends are extracted using an
HP-filter (lambda=100). d* is the square of the debt-to-GDP ratio (d) and dmaceo is a dummy
variable equal to one if d is above 60%. Average values for the real interest (7) and real growth
rates (§) come from Appendix 6 parameters are all calculated using the full-sample estimated p
values when significant.

low real interest rates well into the 2000s. This means that for both countries debt
in the post-war period was made sustainable as a result of low or negative real in-
terest rates (for part or the whole period), and thus, strong fiscal responses were not
required.

The post-war results do not ensure that debt is or will be sustainable in the
near future for these countries. In particular, since the period with low real interest
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rates ended, the importance of fiscal responses has greatly increased. Countries
that lack a significant fiscal response may then have difficulties to maintain debt-to-
GDP ratios at sustainable levels. Moreover, the absence of a linear fiscal response,
in conjunction with a negative non-linear response for Germany, Spain, Portugal
and Iceland rises the concern that debt may not be sustainable in these countries.
Our stochastic analysis in Section [6] will use this information combined with a VAR
analysis to provide our early-warning sustainability indicator.

4.4 Sensitivity analysis

In this section we test the robustness of our econometric results and present the
outcomes per country in Tables [5] to [[3]in the Appendix.

First, we employ alternative definitions of GVAR, for some countries, and YVAR
for all countries. For the United States and the United Kingdom —where military
spending has been historically a big driver of temporary government spending— we
define GVAR as the military spending-to-GDP ratio@ For the Netherlands we use
gas revenue as a proxy for GVAR following |Wierts and Schotten (2008]). Moreover,
we run the regressions without any GVAR term (only YVAR) and the estimated
p values remain significant (with the exception of Germany) and with qualitatively
similar values. For YVAR we employ instead of the difference of actual real GDP
from a trend extracted by an HP-filter the difference of actual real GDP from a
moving average of 8 years, where assess a mid-point moving average, which uses
3 years prior to the current year, the current year and four years after, and an
end-point moving average, which uses the previous 8 years and corrects for average
growth. In the last case the fiscal response increases significantly for Belgium and
Ttaly.

Second, we include the real interest rate as an explanatory variable in equation
. The intuition is that the primary surplus can also react to changes in real interest
rates. For instance, when governmental policies generate negative real interest rates
(e.g. through financial repression) the government faces less pressure to reduce the
debt with fiscal responses. Also, high real interest rates can force the government
to apply fiscal austerity, even when the debt-to-GDP level is not that high. For the
United States, [Bohn (1998) found that interest rates are not a significant control
variable. We find similar results for all countries but Germany, where the inclusion of
the real interest rates yields a non-significant p parameter. We also include inflation
as an additional variable as high inflation allows for a less responsive fiscal policy.
Inflation turns out to be insignificant in most cases, and when it is significant it does
not change the fiscal response parameter.

Third, we assess the stability of the fiscal response over time. The most obvious
choice is to include the full historical sample available and not only the post-war

32This is comparable to [Bohn| (2008) who defines GVAR as the gap between a permanent com-
ponent of military outlays to GDP from an estimated AR(2) process and the actual values. Our
approach probably overestimates temporary military spending by a constant term, which likely has
no impact on our estimate of p.
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period. These results are presented in the penultimate column of the country-specific
Tables in Appendix [B] —except for Germany for which we do not have data before
1970. It is remarkable that for the United States and the United Kingdom, the full-
sample historical fiscal reaction coefficient is significant and very close in value to the
post-war estimation. For the Netherlands and Belgium the full-sample coefficient
is significant but has a lower value. While for Italy and Spain the significance of
the coefficients for both samples is reversed. In Italy p is significant in the post-war
sample, but it is not significant in the full-sample, while in Spain only the historical
p coefficient is significant. Portugal and Iceland have non-significant coefficients
for both samples. We also used |Bai and Perron| (1998, |2003)) tests for endogenous
structural breaks after the Second World War. The resulting sub-samples, however,
are usually too short to estimate a stable fiscal reaction function that can assess
the long-run institutional stance towards fiscal sustainability@ In that case p picks
up short-term policy fluctuations and is not suitable for our analysis. The same
logic applies when dropping an arbitrary post-war sub-sample. In developing our
early-warning indicator we estimated our FRF for a post-war sample that ends in
2007, instead of 2011. This specification intends to eliminate the possible effects of
the current financial crisis on our estimations. We find that for only three countries
the significance of the p parameter is changed: Spain has now a highly significant
(p < 0.01) coefficient of 0.07, Portugal has a lower significant (p < 0.1) coefficient of
0.02, and the significance level of the German coefficient is increased.

Fourth, to assess the impact of potential codeterminacy of the response of pri-
mary surplus to debt, the business cycle and temporary government spending, we
perform two checks: we use one-year lagged variables for YVAR and GVAR and
we estimate our regression with GMM with lags of debt, YVAR, GVAR, primary
surplus, inflation, real growth rates and real interest rates as instruments. We find
that the p coefficient remains robust to this specification. In general, we find it
reasonable to expect that the business cycle will be independent of country-specific
debt level@ In the case of temporary government expenditures, when they are prox-
ied by military expenditure —as in the original FRF estimations for the US by [Bohn
(1998, 2008)— we also find it reasonable to assume that these are independent of debt
levels. When GVAR is estimated as the cyclical component of government expendi-
ture, the case is less compelling. However, as explained above, the use of GVAR as
an independent variable is not critical to our estimations of the p coefficient.

Fifth, we check whether there is a delay in the response of fiscal policy to debt
might have a downward bias on our fiscal response functions by including lagged
primary surplus. The total effect is than the coefficient of the response of debt
divided by one minus the coefficient of lagged primary surplus. The results are very

33In addition, these shorter samples are sensitive to specific political events that affected govern-
ment behaviour in the period. For instance, the dictatorship years in Spain and Portugal under
Franco and Salazar.

34Note that this does not mean that in short-term (year-to-year) episodes there might be a causal
interplay between both variables. But in our historical long-term analysis we do not expect such
an interaction to be problematic.
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similar. This can be explained by the fact that the debt ratio is a slow moving
variable, which means that the effect of an increase in the debt ratio will persist
over time even if the response of primary surplus is small initially. Thus, as in |[Bohn
(1998, 2008) we find that OLS estimations of the FRF is a reasonable approach.

5 Stochastic debt sustainability simulations

The results presented in the previous section are based on the assumption that
interest and growth rates are equal to their long-run average. However, interest and
growth rates fluctuate over time and this has a significant impact on the evolution of
the debt level. Higher interest and growth rate volatility increases the distribution of
future debt levels and requires a larger fiscal response to keep government debt under
control. For instance, |[Catao and Kapur| (2006) provide evidence that differences in
macroeconomic volatility are the key determinant of higher spreadsﬂ

To assess this relationship we extend the results from the previous section by
simulating future interest and growth rate values, which in turn provide a probability
distribution for future debt-to-GDP levels.

Specifically, we insert simulated interest and growth rates, represented by +,
into equation :

dit1 = %(1 — p)di — Hra. (5)

Here we used that by construction F(Z¢) = 0 and E(g;) = 0. To obtain a path for
the public debt level d;, we integrate forward equation ﬁ The simulated interest
and growth rates of every step are obtained from a simple two variable VAR model
following Budina and van Wijnbergen! (2008). This VAR model captures the historic
volatility of interest and growth rates:

T
Tt Tt—j
= a+ ) A T 4, 6
(?ﬁ) P> j(l/t—j) " )
var(n,) = V

In this set-up shocks to real interest and growth rates are not correlated over time but
are correlated within the same time period. The interest and growth rate themselves
are correlated over time and within the same time period due to the auto-regressive
specification.

We then run this procedure ten thousand times to obtain a distribution of future
debt paths. The set of debt levels from the simulation at time ¢ + s is then the dis-
tribution of expected future debt levels at time ¢t 4+ s. The shape of the distribution

35In a related study, |Genberg and Sulstaroval (2008) show how the right hand tail of the distribu-
tion of the debt-to-GDP ratio depends on the second moments (i.e. variability) of macroeconomic
variables and then regresses these second moments on interest spreads.

360 get debt at time ¢t + 1 —i.e. di41— we substitute d; and the interest and growth rates of
period t in equation . Then, to get di+2, we use the estimated d;+1 and the interest and growth
rates in period ¢ + 1 and so on and so forth.
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of debt paths is informative on fiscal sustainability. In particular, a narrower distri-
bution indicates greater certainty on future debt levels and characterises a country
that is more in control of its finances.

Two main processes influence this distribution. First, higher volatility in interest
and growth rates broadens the distribution of future debt levels. Second, a larger
fiscal response narrows the distribution. This latter happens because, for p > 0,
fiscal policy responds to a deviation in the debt level from its steady state value
d. Then, shocks in interest and growth rates that drive the debt level away from
d are countered by a fiscal response in the subsequent period(s). Similarly, shocks
that drive the debt level towards d are mitigated by a smaller fiscal response. This
effect is stronger for larger p. Furthermore, if the fiscal response is too weak or if
the volatility of interest and growth rates is too strong, the width of the distribution
may grow without bound over time. In this case the distribution is not properly
defined (i.e. bounded) and, as Hall (2013)) shows, the debt level is not stationary.

Our simulations generate a debt path for the period: 2012-2021. We run the
simulation for two scenarios: one with the estimated p values (cf. Table [1) and
another where we assume no fiscal response, i.e. p = Om Equation @ is estimated
per country using 1987 as a starting point. We thus do not use the historically low
real interest rates period experienced in the preceding decades. In addition, we set
the number of lags equal to two in equation @ﬁ

The simulated distributions of expected future debt levels are shown in Figures
to Note that the left-hand figure always includes a fiscal response (p > 0).
This implies that for those countries with p = 0: Spain, Portugal and Iceland, we
artificially set p = 7% for illustrative purposes. All right-hand figures have p = 0.
The debt level is on the vertical axes and time is on the horizontal axis. The black
line indicates the median debt level from the simulated distribution, the light orange
area contains 90% of the simulation results and the dark orange area contains the
next 5%. The two blue lines are visual aids at the 60% and the 90% debt level.

In general, the width of the simulated debt distributions is determined by the
variability of the growth and interest rates, while the fiscal reaction (p) affects the
median of the distribution —although it also has a slightly effect on the width of the
distribution.

The debt levels have relatively small 90% and 95% confidence bands for the
first set of countries: the United States, United Kingdom, Netherlands, Belgium
and Germany. For the second group —Italy, Spain, Portugal and Iceland— these
confidence bands are larger, due to the larger variability in growth and interest

3TFor p = 0 we use a = Ps in equation 7 with ps the average primary surplus. This correction
prevents a change in the average fiscal stance while making fiscal policy irresponsive to the debt
level.

38@Given the number of observations, we could use one or two lags. We test for the number of lags
to include using the Akaike Information Criterion. The differences are small and we chose two for
all countries as it allows for richer dynamics. The Cholesky-decomposed covariance matrix of the
residuals is given in Table EL We have tested for autocorrelation in the residuals and were able to
reject and tested for stability of the VAR and found that for most countries all eigenvalues are in
the unit circle.
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rates experienced by these countries. From Figures [3] and [4] it is clear that the
imposed value of p = 7% is not sufficiently large for Italy, Spain or Portugal to bring
the bandwidth of simulations results to levels comparable with the other countries.

For p = 0 we see that the median debt levels are higher when there is no fiscal
response@ Furthermore, the width of the distribution slightly increases vis-a-vis
p > 0 for all countries. On the other hand, Portugal still has a very explosive
debt path even with a positive fiscal reaction coefficient of p = 7%. This is due to
the large historical Portuguese volatility over real growth and interest rates, which
creates large uncertainties and wide confidence bands in our simulations.

Figure 2: Stochastic debt projections for the United States, from 2011 to 2021. p
denotes the fiscal response.

150% - United States, p=7.8% 150% - United States, p=0
120% | 120% |
90% = === 90% ==
e
60% 60%
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% t—F++ % "+
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Notes: The dark orange band with p<0.95 encompasses also the light orange band with p<0.90.

39The Netherlands and Belgium are the exception, because both countries are characterised by
a strong fiscal response and a relatively stable debt level (see Figure . The fiscal response reacts
to both increases and reductions of the debt level from its long-run average, but in the Dutch and
Belgian case the latter applies. For instance, the inclusion of the fiscal response "stabilises" the
Dutch debt level around its post-war average of 60%, and this results in the projected median debt
level being lower with p = 0 than with p > 0.
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Figure 3: Stochastic debt projections for the United Kingdom, the Netherlands,
Belgium and Germany from 2011 to 2021. p denotes the fiscal response.
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Notes: The dark orange band with p<0.95 encompasses also the light orange band with p<0.90.
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Figure 4: Stochastic debt projections for Italy, Spain, Portugal and Iceland from
2011 to 2021. p denotes the fiscal response.
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6 Debt sustainability indicator

A positive and significant fiscal response has two main effects on our debt projections.
First, it directly contributes to a more sustainable fiscal policy by lowering expected
future debt levels, which in turn reduces the width of the distribution of debt levels
—as the value of the product of deviations in the interest and growth rates with
the debt levels is reduced. Second, a stronger fiscal response reduces the impact of
the effect deviations in interest and growth rates have on the debt level over time
by forcing the debt level towards its steady state. Both effects lead to a narrower
distribution of expected future debt levels. We capture this in a Debt Sustainability
Indicator (DSI), which is defined as follows:

DST = af - i, g

where d?i‘l%% is the 97.5th percentile of the simulated distribution of dy419 and dg’fﬁ)
is the median@ Therefore, our DSI denotes the upward risk of deviating from the
median debt level 10 years into the future in our simulation.

Table [2] presents the 2011 debt level, the median 2021 debt level and the value
of DSI —both with and without a fiscal response. For the first group of countries:
United States, United Kingdom, Netherlands, Belgium and Germany, we find that
DSI has low values. In the case of Germany, the fiscal response is crucial in reducing
debt. For all five countries, recent low volatility in interest and growth rates yield
relatively narrow confidence bands. For the second group of countries: Italy, Spain,
Portugal and Iceland we find that the DSI has high levels, with values ranging
between 49% for Italy and a staggering 167% for Portugal. This is caused by high
volatility in growth and interest rates and a lack of fiscal response.

The fiscal response (p) is instrumental in reducing the DSI. In particular for the
last four countries in Table [2| the value of DSI drops when p = 7% is assumed. In
other words, if these countries had a positive and significant fiscal response, their
debts would have been more sustainable. Yet, even then, their fiscal position still
does not reach the low levels of the other set of countries. In this respect, the his-
torical volatility in real growth and interest rates is also crucial in explaining the
expected large variability between countries, by indirectly measuring past macroe-
conomic volatility that creates greater expected uncertainty in the future.

To check whether DSI can be used as an early-warning indicator, we estimate
using only data until 2007 and then run the simulations from 2007 to 2017@ Figure
plots DSI —based on data until 2007— against the average sovereign credit default
swaps (CDS) rate between January 2009 and November 2012. We find a high cor-
relation of 0.78 indicating a strong predictive power of our sustainability indicator.
On the contrary, in 2007 there was hardly any variation in sovereign CDS spreads.
Hence, the values of DSI in 2007 were, with the benefit of hindsight, more infor-
mative than the market based data on the fiscal stress that occurred after 2008. It

40The use of the 97.5% level is arbitrary, but using values of 95% and 99% yield the same
qualitatively results.
41Similar results are find using as the starting year 2006 and 2005.
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Table 2: Summary of simulation outcomes and sustainability indicator for 2021

2011 2021 (p > 0) 2021 (p=0)

debt debt  DSI debt  DSI
United States 102 82 4 95 6
United Kingdom 82 73 9 73 11
Netherlands 65 50 8 44 11
Belgium 99 83 6 85 7
Germany 80 83 10 92 12
Italy 120 137 33 182 49
Spain 68 42 46 56 58
Portugal 107 132 132 199 167
Iceland 99 50 41 78 55

Notes: Units are percent of GDP. The Debt Sustainability Indicator (DSI) is defined in equation
m The columns with (p > 0) use the p values from Table except for Spain, Portugal and Iceland
for which we set p = 7%. The columns with (p = 0) sets the p values for all countries equal to zero.

clearly shows that Portugal, Iceland, Italy and Spain had high DSI values in 2007
that could predict the debt sustainability problems that occurred later on.
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While these results support using DSI as an early-warning instrument, a more
rigorous assessment with a wider sample of countries that employs the signals ap-
proach of Kaminsky et al.| (1998) should be undertaken@ Kaminsky et al.| (1998)
proposes, in the context of currency crisis, an early warning system based on the
signal-to-noise ratio of an indicator for predicting a crisis

7 Summary and conclusions

We develop an indicator for debt sustainability which measures upward risk. It
combines the effect of economic uncertainty —captured by stochastic simulations of
interest and growth rates— with the expected response of the government budget
to the debt level. We use long time series and find that five countries: the United
States, United Kingdom, Netherlands, Belgium and Germany have persistently posi-
tive and significant fiscal reaction coefficients, conditional on temporary government
spending (e.g. war expenditure) and cyclical economic fluctuations. These strong
fiscal responses are found in both the full sample and also in the post-war period. In
conjunction with on average moderate real growth and interest rates, their debt-to-
GDP ratios have been sustainable over time. Except for Germany, these countries
emerged from the Second World War with high debt-to-GDP ratios. Until the mid-
seventies, these debt levels were reduced drastically through low real interest rates.
After the mid-seventies, real interest rates increased, while real growth rates were
reduced and thus, these countries relied increasingly on fiscal responsibility (i.e.
moderate primary surplus to GDP ratios) to keep debt at sustainable levels. The
low values of our estimated DSI correctly reflect these facts.

On the other hand, for Spain, Portugal and Iceland, we do not find a significant
fiscal response. Therefore, if real interest rates increase these countries are less
prepared to maintain sustainable debt levels in the future. Our DSI clearly identifies
this weakness in the debt dynamics of these countries by showing large upward risk.
Finally, Italy has a positive and significant fiscal response coefficient, yet has debt
sustainability concerns as its high current debt level makes it very susceptible to
fluctuations in interest and growth rates. Therefore its debt sustainability indicator
is large, which justifies the doubts on Italy’s debt sustainability. As an aside, note
that from a pure modelling point of view a better debt sustainability indicator for

42As a complement to this paper, we are currently expanding the country sample to include
additional OECD countries and also emerging economies.

43This approach does not attempt to explain what drives the default probability, but merely
tries to make a predictor that is as accurate as possible. Related papers include |Berg et al.| (2005)
who perform a review of early-warning systems focusing primarily on the 1997 Asian crisis and
report mixed results. Over the global financial crisis, [Shi and Gaol (2010]) show the Kaminsky et al.
(1998) early warning system did reasonably well during the crisis, albeit in a modified form. Several
extensions to these type of indicators have recently been made. |Dobrescu et al.| (2011)) extend the
analysis to near-default events and show that including near-default events shows that fiscal stress
remains high in advanced economies. |Ciarlone and Trebeschi| (2005) extend the two-state approach
(default, non-default) to a three-state (default, non-default and post-default) and generate an early
warning system which predicts 76% of entries into crisis, with 36% false alarms.

23



Italy is more readily obtained by having a lower initial debt level and/or lower
volatility in interest and growth rates than by increasing its fiscal response,which
are similar to those in the United States, United Kingdom, Netherlands, Belgium
and Germany, by strengthening fiscal institutions.

For medium to long-term fiscal policy assessments, indicators based on stochastic
analysis and expected fiscal responses have several advantages over the currently
available indicators at a medium term horizon. Both the momentary indicators (debt
and deficit levels) and the ageing indicators (S1, S2) are static and do not capture
volatility in the economy and the government’s ability to control public finances.
Alternative indicators currently in use, such as structural balances or cyclically
adjusted budget balances (CABB), are often plagued by measurement issues. They
depend on projections of future growth, which are known to have an upward bias
(Larch and Salto, [2005), and their estimates are vulnerable to endogeneity problems:
it is non-trivial to disentangle the effects of expected growth on the CABB from
the effects the CABB has on expected growth. Our indicator do not suffer from
these shortcomings, since it incorporates economic volatility and the government’s
expected policy response from ex-post realisations only.

Our analysis, however, has some caveats. First, our estimated fiscal response (p)
is an institutional variable that measures how - over medium and long-time periods —
the government of a particular country deals with medium /long term changes in debt
levels. This means that we require long time series to estimate p, and furthermore,
our approach is not suitable to analyse short-term debt sustainability. It cannot
provide information on whether -for example- Spain will be able to roll over its
debt in the coming months. Second, the shocks in our simulations depend on the
historic volatility of interest and growth rates. That means they do not contain
all possible unexpected exogenous events (e.g. war, natural disasters). The results
of our simulation exercise are not informative on debt sustainability under such
catastrophic conditions. Third, our indicator is not informative on the policy change
that will solve the debt sustainability issue. Our framework merely states that
countries with a higher and more significant historical fiscal policy response are
more likely to solve such issues, should they arise@

Therefore, our indicator is not meant to replace current indicators, but rather
to complement the short term indicators and the indicators from ageing studies.
They could, for instance, provide guidance on whether it is reasonable for a country
to join a monetary union. In such a union, the use of financial and monetary
policies is limited for individual countries, making it unlikely for them to achieve debt
reductions through policies that yield very low or negative real interest rates. Thus,
there is an increased dependence on fiscal policy to tackle debt sustainability. Our
indicator captures this medium- to long-term institutional relation between fiscal
policy and debt sustainability and complements it with the historical macroeconomic

“In contrast, ageing studies (European Commission, [2012a) analyse the impact of ageing on
public finances given constant policy arrangements. If public finances are unsustainable, the policy
arrangements most impacted by ageing should change until the problem is alleviated.
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stability of each country that is implicit in the volatility of real growth and interest
rates.

Finally, we show that our indicator can be potentially useful as an early-warning
indicator for debt sustainability, as it would have provided valuable information back
in 2007 regarding the European sovereign debt crisis. Further tests, however, are
still necessary to check the sensitivity of the DSI to different countries and samples,
and to have a more robust assessment on how DSI performs as an early-warning
debt sustainability indicator.
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A Standard unit root tests

Table 3: Standard Advanced Dickey Fuller test results on the post WW2 sample.

debt / GDP ps / GDP yvar gvar

USA -2.5 -4, KHE -6.1 *¥*¥*  _G.Q *¥*F*
GBR -2.5 ST RRE -5.5 F¥*k _12.0 *¥**
NLD -1.9 -5.1 *k -2.8% -3.8 ¥¥*
BEL -1.6 -2.3 —4.0%¥* 51wk
DEU 0.7 -3.0 ¥* —4.1 kK 4 3 wkx
ITA -0.3 -5.0 ¥** S5.6 *FEF 4 0 FFF
ESP -1.3 -3.5 ¥k -4.Q ¥FF 5 QKX
PRT 1.1 -2.4 S5.8 KKK g 4 kX
ISL 0.2 -3.3 ** S3UTRRE 340K

Significance levels: *** p<0.01, ** p<0.05, * p<0.1

Table 4: Cholesky decomposed residuals matrix.

int,int int,gr gr,gr

USA 043 106 1.14
GBR 0.38 031 1.77
NLD 0.31 144 1.76
BEL 0.56 -0.29 1.62
DEU 038 1.03 1.71
ITA 0.39 0.71 1.46
ESP 4.83 -0.26 2.04
PRT 0.69 0.67 217
ISL 1.96 0.23 3.96

Values x100

B Regression results
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C Data sources and country graphs

Under the subsequent country headings we describe our data sources, elaborate on
the definitions used (general/central government) and whether breaks in the data
are present. Table [14] presents a summary of the available data for each country.

Table 14: Available data per country

Country Samples Observations
USA 1792-2011 218
United Kingdom 1691-2011 321
Netherlands 1816-1939 1948-2011 188
Belgium 1830-1913 1919-1939 1955-2011 157
Germany 1970-2011 42
Ttaly 1861-2011 150
Spain 1850-1935 1940-2011 156
Portugal 1852-2011 160
Iceland 1908-2011 104

In Figures we plot the debt-to-GDP ratio, the primary surplus to GDP
ratio, a smoothed series of interest minus growth rate and for the United Kingdom
and the US the GVAR indicator.

As the effective interest rate we use the simple formula: § = ip;/d;—1 where ¢
is the effective interest rate and ip is interest payment on debt d, both in nominal

termsPE]

United States

We use the data from [Bohn| (2008) from 1792—2009@ We updated this data until
2011. This is a continuous dataset on nominal and real GDP, government gross
debt, government primary surplus, government interest expenditure and government
military expenditure. A detailed description of the data used there can be found in
Bohn| (1991) and Bohn| (2008), and references therein.

Note that the data by Bohn provides gross federal debt levels for the United
States that are in the hands of the public. It does not include other governmental
holdings of federal debt. In our analysis we assume the gross federal debt not in
hands of the public remains constant as a share of GDP.

Government military expenditure is used as an indicator for temporary govern-
ment spending GVAR as government expenditure in wartime is significantly different

4This simple formula is almost perfectly correlated (0.9975) with a more precise specification
“1

given by: i§ = L%f (\/d% + d\;%l) where p is the GDP deflator and m = p/Pi—1.

“SHenning Bohn kindly provided us with an updated database which runs until 2009. He used
the 2011 Budget of the United States for this update.
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from government spending in peacetime. Using dummy variables for the war yearﬂ
instead of actual military expenditure does not change the results significantly.

United Kingdom

The sample from the United Kingdom is from 1692-2011 with a break in 1800 and
in 1946. There is a shift in the reporting year in 1800, prior to 1946 we use central
government data and after 1946 we use general government data. We use military
expenditure as a proxy for temporary government spending and there is a break in
this series in 1980 probably due to a different specification. Prior to 1946 military
expenditure and interest expenditure are the only two large items on the central gov-
ernments budget. Non-military non-interest spending never exceeds 2% of GDP@
Data is obtained from six sources:

e Data on central government expenditure (1692-1945), interest expenditure
(1692-1945), military expenditure (1692-1980), revenue (1692-1946), public
debt (1692-1979), CPI as a proxy for the GDP deflator (1691-1792), a GDP
deflator (1830-1946) and nominal GDP (1830-1946) has been obtained from
Michell| (1988)).

e From Peacock and Wiseman (1961) real and nominal GDP is obtained for the
years 1792, 1800, 1814, 1822, 1831. Constant growth rates in real and nominal
GDP are assumed between these dates.

e Real GDP for 1700 and 1800 is obtained from Maddison| (2003) world historic
tables. Constant growth rates in real GDP is assumed between 1700 and 1792
and in the period 1691-1700.

e General government expenditure, interest expenditure, revenue and real and
nominal GDP from 1946 onwards is obtained from the |Office of National Statis-
tics

e Public debt is obtained from the United Kingdom Ministry of Finance for
1980-2011

e Military expenditure for 1980-2011 is obtained from the OECD.

A GDP deflator and real GDP from 1692-2011 is obtained by coupling the various
partial GDP series with each other. Furthermore GDP has been adjusted such
that Ireland is excluded prior to 1920 as it is after 1920. Temporary government
expenditure GVAR is military spending. As an alternative we use gap between the
log of government expenditure and its trend.

471812-1815 War of 1812, 1846-1849 (Mexican-American War), 1861-1865 (American Civil War),
1917-1920 (World War I), 1940-1945 (World War II)

48Except for 1836 and 1837. In these years the government compensated slave owners for out-
lawing slavery.
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Netherlands

Data is obtained from [Bos (2007) and contains nominal GDP, a piecewise continuous
GDP deflator, gross government debt and a decomposition of government revenue
and government expenditure in their main components. It runs from 1815 till 2009
with gaps in the inter-war years. |Bos| (2007)acquires data on general government
finances in the period 1815-1900 from the work of van Zanden| (1996) and from 1900
onwards from Statistics Netherlands. In the period 1850-1900 only data on central
government finances are available. Furthermore data on local government interest
expenditure is missing until 1947.

We correct for that by using two assumptions. First, we assume that the interest
rate on non-central government debt equals the interest rate on central government
debt. In the Netherlands, the central government steps in and assumes full liability
when local governments are in financial distress. Therefore local government de-
fault risk is equal to central government default risk. Second we assume that local
government finances have run a balanced budget, as they are required by law, and
we interpolate non-central government debt between 1850 and 1900 linearly. This
seems a reasonable first assumption as in 1850 non-central government debt is 26.0%
of general government debt, in 1900 it is 20.2%. If these assumptions underestimate
local interest expenditure, primary surplus and implied interest rates prior to 1947
would be lower than their actual value. The effect on debt sustainability will be
absent, as primary surplus and the implied interest rates have opposite signs in the
accounting equation. This has been tested by using central instead of general gov-
ernment finances. As none of the regression coefficients except for the constant to
changed by more than one standard deviation, we deem these assumptions reason-
able.

Bos| (2007) provides GDP deflators from 1815-1913, 1921-1939 and 1948-2009,
Statistics Netherlands (CBS, 1959, (1994, 2001)) provides a consumer price index from
1900-2009. A continuous GDP deflator is constructed by using consumer price in-
dices to bridge the gap between the broken piece-wise continuous GDP deflators. We
approximate the GDP deflator from 1913-1921 and from 1939-1948 by the consumer
price index. The consumer price index is highly correlated with the GDP deflator
in the period 1900-1913, 1922-1939 and 1949-2009: correlation is 0.998 on level and
0.949 on first differences.

Temporary government expenditure is defined as the residual of government ex-
penditure after its HP-filtered mean has been removed. Note that Bohn (2008])
uses military expenditure as an alternative measure of temporary government ex-
penditure. Unlike the United States, where military spending drives government
spending prior to 1948, the only notable Dutch event is the Belgian war of indepen-
dence in 1830. |Wierts and Schotten| (2008]) argue gas revenue should be used from
1970s onwards as it had considerable impact in budgetary policy. Both alternative
specifications are used in robustness checks and do not provide significant changes.
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Belgium

The sample from Belgium is from 1830-1913, 1920-1939 and 1955-2011 with a break
in 1970. Prior to 1970 central government data is used, after 1970 general govern-
ment data. Data for Belgium has been obtained from 4 sources:

e A dataset on Belgium’s central government finances from the independence of
the state in 1830 until the first world war (1913) was created by Joseph Pi-
rard and published in [Pirard (1999). He reports central government revenue,
expenditure, gross government debt, interest expenditure nominal GDP from
1830 onwards. In this book Pirard also publishes this data for the Inter bellum
(1920-1939) and the years after the Second World War (1945-1995), which he
obtains from other sources. finance data after 1945 as the increase in debt is
always smaller than the difference between government revenue and govern-
ment expenditure and much to persistent to be due to stock-flow adjustments.
This might be due to the fact that some government bond redemptions are
classified as government expenditure.

e Real GDP for the period 1830-1960 is obtained from Maddison (2003) world
historic tables. For the years 1831-1839 no data is available here and thus a
constant increase between 1830 and 1840 is assumed.

e Data on central government finances (revenue from 1955 until 1970 is obtained
from the annual reports of the NBB, the Belgian central bank.

e From 1970 onwards data on general government finances and GDP is available
from the AMECQO| database of the European Commission.

The nominal GDP estimates of Pirard are in the period 1970-1995 approximately
13% lower than the AMECO data. We correct for this by increasing every data-point
in the nominal GDP series of Pirard by 13%. Temporary government expenditure
GVAR is determined as the gap between the log of government expenditure and its
trend.

Germany

We use the data from Hoppner and Kastrop, (2004)), which was updated for 2011 by
Elke Baumann. The have GDP and debt series starting in 1960, but only fiscal data
starting from 1970. From 1980 to 2011 we use the IMF World Economic Outlook
(April 2012) data on General Government expenditure, revenue, and budgetary
surplus.

Italy

We use the data from Bartoletto et al.| (2013) from 1861-2009 for consolidated debt
of the General Government, total expenditure and interest payments. This is com-
plemented with data from Baffigi (2011) for time series on nominal and real GDP.
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http://www.nbb.be/
http://ec.europa.eu/economy_finance/ameco/user/serie/SelectSerie.cfm

Furthermore, we update these data until 2011 using the IMF World Economic Out-
look (April 2012) to obtain data on real and nominal GDP, General Government
gross debt, expenditure, revenue and primary surplus.

Since there was no data in Bartoletto et al.| (2013]) on governmental revenue, the
budgetary surplus was estimated using the difference in gross debt with respect to
its previous year. From 1988 onwards we substitute the historical data with the
IMF WEO data on primary surplus. The correlation between both primary surplus
sources is 0.86 and our econometric results are qualitatively the same.

Spain

The sample is from 1850 to 2011 with a gap for the Spanish Civil War (1936-1939).
Data prior to 1995 is taken from [Prados de la Escosura (2003)) for GDP data in
real and nominal terms and Comin and Diaz| (2005) for the public sector data and
concerns national and provincial government finances. After 1995 data is obtained
from the AMECQ) database of the European Commission.

Temporary government expenditure GVAR is determined as the gap between
the log of government expenditure and its trend.

Portugal

The sample is from 1850 to 2011. Data comes from Marinheiro (2006]) for the period
1852-1995. In the statistical appendix to that paper Marinheiro describes the sources
from which he obtains his data. This is a continuous dataset on nominal and real
GDP, government gross debt, government primary surplus and government interest
expenditure. The government finances are on cash basis. After 1995 data is obtained
from the AMECQO)| database of the European Commission.

Marinheiro| (2006) also constructed interest rates for Portugal which are about
three percentage points higher on average than the ones estimated using actual
interest payments. However, our results did not change qualitatively using this
alternative.

Temporary government expenditure GVAR is determined as the gap between the
log of government expenditure and its trend. Portugal defaulted on its government
debt in 1892, which was ultimately resolved in 1902.

Iceland

The sample for Iceland is from 1908-2011. Data for Iceland has been obtained
from two sources. A since 2000 defunct Icelandic organisation "Pjédhagsstofnun
published general government revenue, expenditure, gross government debt, interest
expenditure and real and nominal GDP from 1908 until 1999. Iceland statistics
publishes data on general government revenue, expenditure, gross government debt,
interest expenditure and real and nominal GDP from 1945 onwards. The data
between 1945 and 1999 is identical to the data on the "Pjodhagsstofnun" website.
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Icelandic data concerns general government and contains long periods of high
inflation. Temporary government expenditure GVAR is determined as the gap be-
tween the log of government expenditure and its trend. Iceland sought and received
assistance from the IMF and the Scandinavian countries after the 2008 banking cri-
sis turned into a sovereign debt crisis for Iceland. This is considered as a public debt
default.
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.14

United States

.08
.06 \\
04 T
.02 N
OA
1945 1965 1985 2005
Netherlands
14
.08
06 ‘«Ah\/~\»\
o4 \-/\"\.\
.02 C
OA
1945 1965 1985 2005
Germany
.14
.08
.06
04 A—_\‘\—\A
.02 ~
0
1945 1965 1985 2005
Spain
.14
.08
06 /A/""\\
.02+ .
OA
1945 1965 1985 2005
Iceland

A

N\
N o~ N
A~ N\

.04 <
.02
0 L T T T T
1945 1965 1985 2005

46

Real growth rate Real growth rate Real growth rate

Real growth rate

.08
.06
.04

_02«.#4&*

.08
.06

_04 A#
.02

United Kingdom
.14

OAT
1945

1965 1985 2005
Belgium
1

~ -~
OA
1945 1965 1985 2005
ltaly
.14
A
.08
. /l\\“\
.04 o4 \
.02 ‘\'\
0]
1945 1965 1985 2005
Portugal
14
.08
N
.04 ] \I\_\
0]
1945 1965 1985 2005



Figure 7: Nominal interest rates (straight line) and inflation (dotted line) in the
post-war period (the vertical scale can be different across countries).
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Figure 8: United States and United Kingdom: Debt, primary surplus and military
expenditure ratios to GDP, and gamma parameter, post-war samples
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Figure 9: Netherlands and Belgium: Debt and primary surplus ratios to GDP, and
gamma parameter, post-war samples
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Figure 10: Germany and Italy: Debt and primary surplus ratios to GDP, and gamma
parameter, post-war samples
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Figure 11: Spain and Portugal: Debt and primary surplus ratios to GDP, and
gamma parameter, post-war samples
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Figure 12: Iceland: Debt and primary surplus ratios to GDP, and gamma parameter,
post-war sample
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