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Fiscal and External Sustainability: a Two-Step
Time-varying Granger Causality Assessment
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Abstract

We implement a two-step analysis of fiscal and external causality patterns using a data set
covering the 27 EU countries in the period 2002Q1-2023Q4. In the 1* step, we compute fiscal
and external sustainability time-varying coefficients, modelling the cointegration relationship
between government revenues and government spending, and between exports and imports. In
the 2" step, we use three recursive strategies, combined with Granger causality tests: forward
expanding, rolling, and recursive window methods to capture causal relationships. Our results
show that: (i) peripheral countries have lower sustainability coefficients, while non-Eurozone
countries have higher sustainability coefficients, (i1) after the 2008 global financial crisis, there
was an improvement in fiscal and external sustainability for most countries, (iii) during the
Eurozone crisis in 2010-2012, in Austria, France, Greece, Ireland, Netherlands, Slovakia and
Spain, there was causality between fiscal and external sustainability, (iv) during that period,
causality was observed between the external and fiscal sustainability in EMU countries
(Austria, Germany, Malta, Netherlands, Slovakia, Slovenia, Spain) and in non-EMU countries.
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1. Introduction

Fiscal sustainability has been a topical issue in the last years, notably in the context of the
European Union (EU), where a common fiscal framework is in place as guidance for the
respective Member States’ fiscal authorities. This framework, with some additional
adjustments, dates back to the Stability and Growth Pact (SGP), and to the start of the 3™ phase
of the Economic and Monetary Union, in January 1999. In the context of the SGP, specifically
considering the preventive arm and of the corrective arm (notably the Excessive Deficit
Procedure), fiscal sustainability has always been a main tenet, both to ensure sound fiscal
policies and to provide a stable environment for the implementation of the common monetary
policy in the Euro Area countries.!

After the Global Financial Crisis (GFC), which impacted adversely EU’s public accounts
and external positions, particularly prompting international financing programs, notably for
Greece, Portugal, and Ireland, the EU put forward in 2011, in addition to the common fiscal
surveillance, also a so-called Macroeconomic Imbalance Procedure (MIP). With this
surveillance mechanism, Member States intended to identify, prevent and address the
emergence of potentially harmful macroeconomic imbalances, and external sustainability
issues, in a particular Member State, the Euro Area, or the EU as a whole. Hence. The MIP
foresees the possibility of enhanced surveillance for countries identified with excessive
imbalances named the Excessive Imbalance Procedure.?

Therefore, the questions of fiscal sustainability and external sustainability are paramount,
and can also be framed in the Twin Deficit Hypothesis (TDH) where fiscal deficits tend to
translate into current account deficits. Indeed, the TDH relationship can be explained in the
framework of the Mundell-Fleming Model, stemming from the macro accounting identity for
aggregate demand, where the current account balance is defined as the sum of net private saving
(net lending position of the private sector) and net public saving (general government balance).
Hence, a fiscal shock could drive the current account in the same direction.® For instance, a
government budget deficit can cause a current account deficit when the government budget is

not fully financed by domestic private saving and needs foreign capital inflows as well.

! To limit government deficit and debt, EU Member States have agreed reference fiscal thresholds, enshrined in
the EU treaties: a 3% deficit ratio and a 60% debt ratio (calculated relative to a Member State’s GDP).

2 One of the Scoreboard Indicators in the MIP is that the 3-year backward moving average of the current account
balance as percent of GDP, should be within the thresholds of +6% and -4%.

3 See Appendix TDH.



Nevertheless, a budget deficit can lead to an increase in the net lending position of the private
sector, and then no effect on the current account balance occurs.

More specifically, we are then interested in assessing the relationship between the fiscal
sustainability and the external sustainability for EU countries. In other words, in this paper we
check four possible scenarios: whether the fiscal sustainability Granger causes the external
sustainability, if the external sustainability Granger causes the fiscal sustainability, if there is
bi-directional Granger causality, or if there is no relationship between fiscal and external
sustainability.

Therefore, we use a data set covering the 27 EU countries during the period 2002Q1-2023Q4
to implement a two-step analysis of fiscal and external causality patterns. In the 1% step, and
using Schlicht’s (2021) method, we compute the fiscal and external sustainability time-varying
coefficients, modelling, on the one hand, the cointegration relationship between government
revenues and government spending, and on the other hand, the cointegration relationship
between exports and imports. In the 2" step, we then use a lag-augmented vector autoregression
with three recursive strategies, combined with Granger causality tests; the forward expanding
window method; the rolling window method; and the recursive evolving window method to
capture the potential causal relationships.

Our main results show that: (1) peripheral countries have lower sustainability coefficients,
while non-Eurozone countries have higher sustainability coefficients, (ii) after the 2008 global
financial crisis, there was an improvement in fiscal and external sustainability for most
countries, (ii1) during the Eurozone crisis in 2010-2012, in Austria, France, Greece, Ireland,
Netherlands, Slovakia and Spain, there was causality between fiscal and external sustainability,
(iv) during that period, causality was observed between the external and fiscal sustainability in
EMU countries (Austria, Germany, Malta, Netherlands, Slovakia, Slovenia, Spain) and in non-
EMU countries. Hence, the patterns of causality between the fiscal and external sustainability
have specificities in each country.

The organization of the paper is as follows. Section 2 provides the literature review. Section
3 explains the methodology. Section 4 presents the data, and section 5 carries out the empirical

analysis. Section 6 concludes.

2. Literature review
2.1. Fiscal and external sustainability
The literature has addressed fiscal and external sustainability related issues in the past.

Hamilton and Flavin (1986), for example, carry out stationarity tests on the budget balance and
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public debt in a pioneering study applied to the United States. The methodology for studying
the properties of public debt became very popular based on this article. The analysis of the
cointegration relationship between government revenues and expenditures (Hakkio and Rush,
1991) is another method to examine the sustainability of public finances. According to these
authors, if government revenues and expenditures are non-stationary, the existence of
cointegration between both variables is a necessary condition for the government to comply
with the present value budget constraint (PVBC), and, therefore, to ensure fiscal solvency.

Furthermore, there is the perspective of Bohn (1998) who maintains that fiscal sustainability
is ensured if the primary government balance responds positively to increases in the public
debt-to-GDP ratio (backward-looking approach). This is consistent with a Ricardian fiscal (or
monetary predominance) regime, in which the government has to attain primary government
surpluses in order that its budget constraint is consistent with the repayment of the initial stock
of real public debt. Canzoneri et al. (2001), along with Bohn (1998), are part of the literature
on so-called fiscal reaction functions, being the perspective of Canzoneri et al. (2001) forward-
looking. Hence, in a Ricardian regime, a budget surplus results in the reduction of public debt
in the future. Earlier, Trehan and Walsh (1991) note that the stationary of the first differences
of the stock of real public debt is a sufficient condition for fiscal sustainability.

The empirical literature on fiscal sustainability initially focused on individual countries or
small groups of countries and was based on unit root tests and the study of the causality and
cointegration relationship between government revenues and expenditures (Haug, 1995;
Getzner et al. 2001). Within the scope of the empirical literature on fiscal sustainability, later,
studies emerged using a panel data structure from a relatively wide range of countries,
employing standard panel techniques as well as examining panel cointegration relationships
(Afonso, 2008; Afonso and Rault, 2010). The use of data with an annual frequency is a common
view of analysis (Weinchenrieder and Zimmer, 2014; Lee et al., 2018), however, we can find
studies that use quarterly data (Afonso and Jalles, 2017; Afonso and Coelho, 2023). In several
articles, the empirical scope comprises the European Union or even Euro Area countries
(Vanhorebeek and Rompuy, 1995; Afonso, 2005; Brady and Magazzino, 2018; Afonso et al.,
2021).

Regarding the topic of external sustainability, we can identify two complementary
definitions of external accounts solvency, namely: (1) current net foreign assets must equal the
symmetric of the sum of future net exports (the economy will have to achieve future net exports

whose present value covers the symmetric of the current value of net foreign assets); and (ii)



the present value of current net foreign assets is zero in infinity (in order to ensure a sustainable
path for the external position).

The absence of Ponzi games is empirically tested by studying the stationarity of the stock of
current net foreign assets in first differences. From a practical point of view, the stationarity of
the current account balance is tested. In the same way as in the analysis of fiscal sustainability,
the rejection of stationarity does not mean the absence of sustainability (according to Trehan
and Walsh, 1991). In addition, external sustainability can be also tested through cointegration
tests between exports and imports of goods and services. A current account balance would be
sustainable if the series of exports and imports of goods and services are cointegrated (Husted,
1992; Wu, 1996). A sufficient condition for the intertemporal constraint to hold is that there is
a negative relationship between net exports and net foreign assets (see Durdu et al., 2013).

Empirically, external sustainability can be analyzed from two perspectives, both of which
are related to the intertemporal current account constraint. The first perspective considers the
macroeconomic determinants of this restriction to compute the required adjustments (see, for
instance, Afonso et al., 2019, based on Milesi-Ferretti and Razin, 1996). The second perspective
performs time-series and panel data tests to ascertain the behavior of the current account
balance, exports and imports of goods and services over time.

More specifically, Afonso et al. (2019) analyse external sustainability for 22 European
Union countries between 1970Q1 and 2015Q4 according to two perspectives. In particular, the
authors found evidence of sustainability of the current account balance and cointegration
between exports imports of goods and services in just a few countries. In turn, Afonso et al.
(2020) examine external sustainability considering the same sample and conclude that the
current account balance is non-stationary, although there is a stable long-term relationship
between exports and imports of goods and services.

Within the scope of the second perspective of the empirical analysis of the external
sustainability, unit root tests of the current account balance are carried out (Raybaudi et al.,
2004; Chen, 2011), with cointegration tests between exports and imports (Husted, 1992;
Camarero et al., 2013) or both (Wu, 1996; Holmes, 2013). Moreover, there are also nonlinear
approaches, which admit structural breaks, regime shifts and threshold values (Apergis et al.,
2000; Chen, 2014; Lanzafame, 2014; Camarero et al., 2015; Andre et al., 2018), and the use of
error correction models to assess reaction functions of net exports to net foreign assets (Durdu
et al., 2013; Bajo-Rubio et al., 2014). These analyzes are applied to individual countries
(Raybaudi et al., 2004; Camarero et al., 2013) as well as to panels of countries, namely

developed and emerging, OECD and Euro Area (Holmes, 2006; Camarero et al., 2015).
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Although there are studies that use a quarterly data frequency (Chen, 2011, 2014), the use of
annual data is more usual (Husted, 1992; Bajo-Rubio et al., 2014).

2.2. Interplay between fiscal and external accounts

The literature advances five perspectives to explain the relationship between the government
balance and the external balance, namely: (i) the Twin Deficit Hypothesis; (ii) the Ricardian
Equivalence Hypothesis; (iii) the Current Account Targeting Hypothesis; (iv) the feedback
linkage; and (v) the Twin Divergence Hypothesis.

The Twin Deficit Hypothesis (TDH) states that the fiscal deficit tends to result in a current
account deficit. This relationship can be explained in the framework of two perspectives: the
Mundell-Fleming Model (Mundell, 1960; Fleming, 1962) and the Keynesian Absorption
Theory. From the first perspective, in an economy with a flexible exchange rate regime, a fiscal
deficit leads to higher domestic real interest rates, which in turn attracts foreign capital flows
and results in an appreciation of exchange rates. A stronger national currency reduces net
exports and translates into a loss of the economy's external competitiveness, which in turn
creates an external accounts deficit. In a fixed exchange rate regime, an increase in government
deficit results in an increase in prices and income, which consequently leads to a real
appreciation of the currency, which it turns negatively affects the current account balance. The
second perspective suggests that an increasing government deficit can translate in upward
pressure on domestic absorption, which results in increased domestic spending, and thus
contributes to increased imports, leading to a deterioration in the current account balance.

Abell (1989) and Rosenweig and Tallman (1993), using Vector Auto-Regressive (VAR)
models and impulse response functions, corroborate this perspective for the United States. More
recently, McFarlane et al. (2020) and Kim (2024) confirm this result. Also using quarterly data,
Makin and Narayan (2013) for Australia and Janko (2020) for Canada obtain evidence from the
TDH, using cointegration tests and an Autoregressive Distributed Lag (ARDL) model.
Furthermore, Vamvoukas (1999) for Greece, Daly and Siddiki (2009) for OECD countries, and
Trachanas and Katrakilidis (2013) for Greece, Ireland, Italy, Portugal and Spain conclude by
verifying the causality between the fiscal balance and the external balance.

The Twin Deficits Hypothesis, in addition to being corroborated by time series studies,
which are generally applied to individual countries or to a group of countries with similar
characteristics, is also confirmed by studies using panel data. These studies, which are less

frequent than the first type, apply the usual econometric panel estimation techniques (e.g., for



large panels, Altayligil and Cetrez, 2020; for OECD countries, Piersanti, 2000; for European
Union countries, Afonso and Coelho, 2022).

According to the Ricardian Equivalence Hypothesis (REH) (Barro, 1974; 1989), the fiscal
balance and the external balance are unrelated, as fiscal changes induce an intertemporal
reallocation of savings (with intertemporal substitution between taxes and government deficits),
whereas the intertemporal fiscal constraints of private agents, the real interest rate, investment,
and the current account balance all remain unchanged. Therefore, fiscal deficits do not result in
changes in interest and exchange rates and the effects on the current account are null, and there
is no relationship between the budget balance and the external balance. Algieri (2013) reports
empirical support for the REH for Greece, Ireland, Italy, Portugal and Spain, through causality
tests and using data with a quarterly frequency.

An inverse relationship could also exist which moves in the direction of the external accounts
to the public accounts. The underlying idea is that the external position of an economy can
deteriorate because of factors that are exogenous to its fiscal position. In this scenario, a
government deficit can respond to this deterioration and adjust to stabilise the economy.
Adjustment can be made by using automatic stabilisers and/or discretionary fiscal policies.
Summers (1988) referred to this inverse relationship as “Current Account Targeting”. In this
context, there is an inverse and positive relationship from the current account balance to the
government balance. The Current Account Targeting Hypothesis (CATH) has empirical
support in Kalou and Paleologou (2012) and Nikiforos et al. (2015) for Greece, through
cointegration and causality tests and a Vector Error-Correction (VEC) model.

Feldstein and Horioka (1980), for 21 OECD countries, between 1960 and 1974, and using a
Simultaneous Equations Model (SEM), point that savings and investment are highly correlated
and thus this linkage translates into bi-directional relationship between the fiscal balance and
the current account balance, with both variables moving together. As the relationship between
variables occurs in both directions, this result may support both the TDH and CATH. Using
quarterly data between 1960 and 1984 for the United States, Darrat (1988) concludes that there
is a bi-directional relationship between the budget balance and the trade balance.

Lastly, Kim and Roubini (2008) assess the existence of endogenous movements of the fiscal
deficit and the current account deficit, for the United States. They suggest that “twin
divergence” is also likely, i.e., the current account deficit can improve when the government
deficit worsens. This result, induced by an increase of the real interest rate (due to an
expansionary fiscal policy), is attributed to two factors, namely, a partial Ricardian movement

of private savings and a crowding out effect on investment.
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3. Methodology

3.1. Time-varying fiscal and external sustainability

In the first step, and in order to measure fiscal and external sustainability, we follow notably
Afonso (2005) and Afonso et al. (2019) approaches, respectively. Specifically, and regarding
the fiscal sustainability, we rely on the cointegration relationship method between government
revenues (R) and government expenditures (G), while for the external sustainability we look
for the cointegration between exports (X) and imports (M). However, as we intend to use the
time-varying sustainability coefficients and not an average value for a given time period, we
rely on the Schlicht’s (2021) method, we compute the fiscal and external sustainability

coefficients through equations (1) and (2), respectively:

Ry = agit + Bie- Gip + ue (1)

Xt = Qi T Vie-Mie + & (2)

where f; + and y; ;. are the fiscal and external sustainability coefficients to be estimated for each
quarter t and for each country i, respectively The closer are 8 and y to unity, the higher are the
fiscal and external sustainability. As mentioned above, equations (1) and (2) are estimated
resorting to Schlicht’s (2021) methodology, which assumes that £ and y changes “slowly and

unsystematically over time””:

Bt = Be—1 + V¢ (3)

Yt = Vi-1 T € “4)

where v,~N(0,7%) and €,~N(0,7?).

Building on Schlicht (2021), equations (1) and (3), along with equations (2) and (4), should
be estimated simultaneously. The authors propose a method that extends the linear model by
allowing the independent variables to vary gradually over time, unlike the static assumption of
the linear model. The expected value of the fiscal (external) response coefficient at time t is
assumed to be the same as its value at time t — 1, following a random walk process. The
variation in the coefficients, represented by v, (or €;, for external sustainability), is assumed to

follow a normal distribution with a mean of zero and a variance of 2. These variances 7?2 are



estimated using a method of moments estimator, which coincides with the maximum-likelihood
estimator for large samples but is more efficient and transparent for small samples. Thus, the
standard regression model is a special case where 12 approaches zero, resulting in 8, = B;_;
(or y; = y,_,, for external sustainability). By allowing 72 to be small but non-zero, the
coefficients are permitted to evolve slowly over time, starting from the previous year’s
coefficients and incorporating any changes or deviations that occurred during that year.
Furthermore, we have assessed the presence of unit roots in each series for each country, as
presented in Table Al, in the Appendix, concluding that those series are mostly stationary at
first differences. Therefore, and as previously allured, we have computed the time-varying
fiscal, B, and external coefficients, y, resorting to the Schlicht’s (2021) approach, in order to

assess the time-varying Granger causality between fiscal and external sustainability.

3.2. Time-varying Granger causality

Following Shi et al. (2020), we rely on the lag-augmented vector autoregression (LA-VAR)
approach (Toda and Yamamoto, 1995; Dolado and Liitkepohl, 1996) for testing time-varying
causality between fiscal sustainability (external sustainability coefficient series) and external
sustainability (fiscal sustainability coefficient series). This approach does not require any
choices concerning the detrending or differencing of the series. Besides, it explicitly allows for
unknown changing points in the causal relationships. This approach relies on a series of non-
Granger causality tests (i.e., the null is the absence of Granger-causality between the variables).
These tests are robust to structural breaks, large-scale events that produces regime changes. The

LA-VAR model is expressed as follows for an n-dimensional vector y,

Ve =Yo+ Vit + TiaSive—i + Zﬁgﬂfj%—j + & Q)
where ¢ is a time trend, £ is the lag order of the original VAR model, d denotes the maximum
order of integration of the variables in y;, and & is the error term. The regression can also be
written as follows:

yt = FTt + d)xt + lPZt + gt, (6)

where

T'=oVYnxz Tt = Lok, X6 = Vit wor Yicidnkxts Zt = Vimge1s =00 Vimk—d)ndx1-



@ = (Jy, o, Jidnsnk> A W = (i1, oo, Jerd) nxcnd-

The null hypothesis of Granger non-causality is given by the restrictions:
Hy:Rp =0 (7

where ¢ = vec(®) using row vectorization, and R is a m xn’k matrix. The elements of the
coefficient matrix W of the final d lagged vectors are taken to be zero. Then, equation (5) can

be extended to a more compact form as:
Y=+ X®'+7Z¥P +¢ ()

Where Y = (yl' y2 AL yT){TXno T= (Tli ey TT)’,TXZ: X = (xlr ey xT)’,TXnka Z = (Zlﬁ IZT){T'XTLCD
and &€ = (&1, ., &7)rxn. Let Q; = Iy —t(z'7) 17" and Q = Q, — Q. Z(Z'Q.Z2)"1Z'Q,.
The OLS estimator is:

®=Y'0X(X'QX) L )

The standard Wald statistic W to test the hypothesis Hy is:
N/ N / - 1 1p 2
W = (RP)'[R{Z: ® (X'QX)"}R'] "R¢, (10)

where ¢ = vec(®), £, = = &'¢, and ® denotes the Kronecker product.

Three recursive strategies, combined with Granger causality tests, can be used: (i) the
forward expanding (FE) window method; (ii) the rolling window (RW) method; and (iii) the
recursive evolving (RE) window method. According to the simulations by Shi et al. (2020), the
RE window algorithm provides the most reliable results, followed by the RW method.*

4 In their simulations, Shi et al. (2020) considered different cases for the order of integration in a bivariate VAR
model: both variables are stationary (case 1), one variable is I(1) and the other one is stationary (cases 2 and 3),
and both are non-stationary (case 4). All the tests are very close to the nominal size of 5 percent and the RE method
shows power improvements when (a) the causal strength is moderate (0.8), (b) the sample size is large (7=200,
7=300), and (c) the minimum window size is below 24% of the observations.
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Figure 1. Forward expanding, rolling, and recursive evolving windows schemes
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Source: Adapted from Baum et al. (2021, 2022).

Specifically, the FE window method fixes the starting point at the first observation and
moves the ending points from S, to 7' (see Figure 1). Next, the RW technique moves the starting
and ending points together with a constant distance S,. The window size is thus kept constant
across the time variation. Regarding the RE window method, the ending point S> varies across
the range [Sw, T]. However, the starting point changes from 1 to (S> — Sy) + 1.

Thanks to the aforementioned recursive strategies, we can obtain a series of Wald statistics®
S1€[1,(S2=Sw)+1 . . .
{WSLSZ}S:ELW( 275w) ]. To test for the Granger non-causality hypothesis, Shi et al. (2020)
propose a sup-Wald statistic when recursive evolving window technique is utilized:

Sup — Wy, = sup {WS1,SZ}- (11)
S225w,S1€[1,(S2—Sw)+11]

Alternatively, Shi et al. (2020) construct a sub-sample Wald test statistic with heteroskedastic

% When S, is equal to S, then S; is equal to 1 and the window size can expand until reaching S, as can be seen in
the upper part of Figure 3. When S,, is equal to (1/2)S>, then S; is equal to 1/2 and the window size can expand
until reaching S>, as can be seen in the lower part of Figure 3.
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CIrors:
w* =T, (R$) [R{F-17-1}R'| 'R, (12)

where ¢ = VGC(‘i’) and & is the OLS estimate for the sub-sample running from S to S».

Besides:

V=1, ®QwithQ = - xxi,
. (13)

N T A
X= EZ $eSe with e = & @ xq.

Therefore, the heteroskedastic-consistent sup-Wald test statistic can be expressed as:
Sup — Wy, = sup ]{WS*LSZ}. (14)

S22S,51€[1,(S2—Sw)+1

The main advantage of this methodology, fully described in Shi et al. (2020), is that the null
of absence of causality is not constrained to be fulfilled over the whole sample. In this sense,
the approach that we use in the paper is more general. Thus, these tests are more dependable
and have more economic underpinnings than standard Granger causality tests. Three outcomes
are possible with these tests: (i) absence of causality over the full period; (ii) causality over
specific periods; and (iii) causality over the whole sample. In the first case, the causality
between fiscal and external sustainability is absent. In the second case, the causality between
fiscal and external sustainability is observed over specific subperiods and can support the “twin
deficit” channel and/or the “international spillover” channel. In the third case, the causality is

observed over the full sample period as in the standard Granger causality tests.

4. Data

Our study comprises 27 European countries, namely, Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, covering the 2002Q1-2023Q4 period.

The data on government revenues and expenditures to compute the time-varying fiscal

sustainability as well as the data on exports and imports to obtain the time-varying external
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sustainability coefficients were retrieved from the Eurostat database. Regarding the government
revenues and expenditures dynamics as well as exports and imports evolution though time, in
Figures 2 and 3, we have highlighted such dynamics for some selected countries. Generally,
while there is an overall co-movement between exports and imports, translating a more
balanced external sector, the dynamics between government revenues and expenditures follow
sometimes opposite directions, emphasizing some periods of fiscal imbalances.

These perceptions are somehow corroborated by the descriptive statistics for the full sample,
presented in Table 1. As can be observed, the average time-varying external sustainability
coefficient (y = 0.744) is five times larger than the average time-varying fiscal sustainability
coefficient (f = 0.140), highlighting the dissociation between the two sustainability
coefficients. Additionally, in Table 2, we present the average time-varying fiscal and external
sustainability per country, further illustration the higher magnitude of the external sustainability
estimated coefficients. In Figure 4, a temporal dynamics of these coefficients is depicted for
some selected EU economies where some co-movement is visible.

Table 3 reports the averages of the time-varying coefficients of fiscal and external
sustainability for several groups of EU countries: core, periphery, Baltic, Central and Eastern,
Euro Area and non-Euro Area.® We consider this distinction between Euro Area and non-Euro
Area since the loss of the exchange rate policy may lead some economies to suffer from
recurrent external imbalances that forced some financial and fiscal international program
interventions, namely the peripheral Euro Area economies. The distinction between Euro Area
and non-Euro Area countries may further elucidates the impact of monetary union on fiscal and

external sustainability.

® The core EU countries’ group is composed by Austria, Belgium, Denmark, Finland, France, Germany,
Luxembourg, the Netherlands, and Sweden. In the peripheral EU countries’ group, we consider Cyprus, Greece,
Ireland, Italy, Malta, Portugal and Spain. Estonia, Latvia and Lithuania belong to the Baltic EU countries’ group.
The Central and Eastern EU countries’ group integrates Bulgaria, Croatia, Czechia, Hungary, Poland, Romania,
Slovakia, and Slovenia. The Euro Area countries are: Austria, Belgium, Croatia, Cyprus, Estonia, Finland, France,
Germany, Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Portugal, Slovakia,
Slovenia, and Spain. In turn, the non-Euro Area countries are: Bulgaria, Czechia, Denmark, Hungary, Poland,
Romania, and Sweden.

13



Figure 2. Relationship between government revenues and government expenditures for selected countries,

2002Q1-2023Q4
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Figure 3. Relationship between exports and imports for selected countries, 2002Q1-2023Q4
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Source: EUROSTAT database.

In particular, Table 3 shows that the average of the time-varying coefficients of fiscal
sustainability for the core countries is lower when considering all the countries. However, the

average time-varying coefficients of external sustainability are higher. In turn, peripheral
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countries exhibit lower averages in relation to core countries and the full sample for both fiscal
and external sustainability coefficients. For the Baltic countries, the average fiscal sustainability
coefficients are higher compared to the full sample; in the case of external sustainability
coefficients, the average is lower. Central and Eastern countries exhibit higher averages relative
to the full sample. Comparing countries that belong to the Eurozone and those that do not belong
to the Eurozone, the average values of the time-varying coefficients of fiscal and external

sustainability are lower for countries that are part of the Eurozone.

Table 1. Descriptive Statistics, full sample

Variable Mean Std. Dev. Max. Min. Obs.
Revenues 42.475 6.436 56.362 21.939 2376
Expenditures  45.101 6.816 64.894 21.198 2376

Exports 63.001 35.710 213.501 18.545 2376
Imports 60.732 30.011 181.690 22.651 2376
B 0.140 0.124 0.502 -0.154 2376
Y 0.744 0.222 1.065 -0.393 2376
Source: Authors’ calculations.

Table 2. Average time-varying fiscal and external sustainability coefficients,
2002Q1-20230Q4

Fiscal External Fiscal External
Austria 0.016 0.928 Italy 0.125 0.664
Belgium 0.063 0.815 Latvia 0.157 0.528
Bulgaria 0.199 0.722 Lithuania 0.097 0.713
Croatia 0.133 0.684 Luxembourg 0.282 0.954
Cyprus -0.008 0.391 Netherlands 0.189 0.840
Czechia 0.300 0.975 Malta 0.027 0.792
Denmark 0.441 0.975 Poland 0.165 0.706
Estonia 0.239 0.692 Portugal 0.019 0.781
Finland -0.046 0.813 Romania 0.209 0.636
France 0.030 0.858 Slovakia 0.032 0.801
Germany 0.113 0.828 Slovenia 0.386 0.849
Greece 0.121 0.737 Spain 0.037 0.729
Hungary 0.159 0.820 Sweden 0.132 0.881
Ireland 0.154 -0.033

Source: Authors’ calculations.

Table 3. Average time-varying fiscal and external sustainability coefficients by country groups,
2002Q1-2023Q4

Sample Fiscal External
Full Sample 0.140 0.744
Core countries 0.135 0.877
Periphery countries 0.068 0.580
Baltic countries 0.164 0.644
Central and Eastern countries 0.198 0.774
Euro Area countries 0.105 0.719
non Euro Area countries 0.229 0.816

Source: Authors’ calculations.
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Given the effects of 2008 Global and Financial Crisis (GFC) on EU countries, and the
subsequent Eurozone crisis in 2010-2012, we distinguish between the periods prior and after
the GFC, i.e., the pre-GFC and the post-GFC periods refers to the timespan before and after
2009 (inclusive), respectively. Thus, based on Table 4, we can see that after the 2008 GFC,
there was an improvement in fiscal and external sustainability for most European Union
countries as well as for the European Union as a whole, especially with regard to external
sustainability. This evidence is due to the fiscal and external adjustments that occurred in these
countries after 2009 and also following the Eurozone crisis in 2010-2012, which resulted in the
correction of the fiscal and external imbalances that had accumulated until then.

Furthermore, Table 5 points that the fiscal/external sustainability and external/fiscal
sustainability causal relationships became stronger after the outbreak of the 2008 global
financial crisis for the several groups of countries included in the analysis.

Nonetheless, despite the descriptive statistics and the average time-varying fiscal and
external coefficients per country and groups of countries, we compute the correlation between
such variables, as illustrated in the heatmap of Figure 5. We can clearly see a higher correlation
between expenditures and revenues, suggesting that there may be higher fiscal sustainability
levels, which is contradicted by the average value of the time-varying fiscal sustainability
coefficients, presented in Table 1. At the same time, we find low correlation values between
fiscal and external time-varying sustainability coefficients. Moreover, taking into account the
different time-varying sustainability coefficients of each economy, and given the different
development patterns and features of the EU economies we are considering in this study, we
calculated the correlation matrix along different country groups, presented in Table 6.

Regarding the correlations in Table 6, we can conclude that in core EU countries, the
correlation between fiscal and external sustainability coefficients is moderate (0.626),
indicating a nuanced relationship where fiscal policies and external balances influence each
other being relatively interdependent. This suggests that core countries may possess more
robust mechanisms to manage fiscal and external imbalances independently. Conversely, in
peripheral EU countries, the correlation is negative and close to zero, highlighting a weaker
interdependence between fiscal and external sustainability. This could imply that peripheral
countries are more vulnerable to external shocks, which can significantly impact their fiscal
stability.

Euro Area countries exhibit a lower correlation between fiscal and external variables,
particularly pre-GFC, suggesting that the shared fiscal and monetary policy framework may not

amplify the interdependence between these two aspects of sustainability. Non-Euro Area
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countries, on the other hand, show a more varied pattern, with some exhibiting strong
correlations while others do not, reflecting the diverse fiscal and external dynamics outside the
Eurozone.

The temporal analysis, comparing pre- and post-GFC periods, reveals significant shifts in
the relationships between fiscal and external sustainability. In the pre-GFC period, the
correlations are generally lower, indicating a more stable and less interdependent relationship.
However, post-GFC, the correlations increase, particularly in Euro Area countries, suggesting
that the crisis has heightened the sensitivity of fiscal sustainability to external factors. This shift
underscores the importance of external balances in maintaining fiscal health in the aftermath of

economic shocks.

Table 4. Average time-varying fiscal and external sustainability coefficients by countries, pre and post-
GFC, 2002Q1-2023Q4

Fiscal External

PRE-GFC POST-GFC PRE-GFC POST-GFC
Austria 0.011 0.018 0.928 0.927
Belgium 0.045 0.071 0.830 0.808
Bulgaria 0.238 0.180 0.545 0.805
Croatia 0.132 0.133 0.581 0.733
Cyprus -0.047 0.011 0.317 0.426
Czechia 0.281 0.309 0.924 0.999
Denmark 0.464 0.430 0.950 0.986
Estonia 0.201 0.257 0.574 0.746
Finland -0.063 -0.038 0.919 0.763
France 0.005 0.041 0.888 0.844
Germany 0.085 0.126 0.760 0.859
Greece 0.020 0.169 0.593 0.804
Hungary 0.127 0.173 0.738 0.859
Ireland 0.284 0.094 -0.331 0.106
Italy 0.092 0.141 0.603 0.692
Latvia 0.106 0.181 0.334 0.619
Lithuania 0.074 0.107 0.575 0.777
Luxembourg 0.280 0.283 0.912 0.974
Netherlands 0.190 0.188 0.735 0.890
Malta 0.009 0.035 0.740 0.817
Poland 0.167 0.165 0.583 0.763
Portugal -0.015 0.035 0.652 0.841
Romania 0.232 0.198 0.482 0.707
Slovakia 0.030 0.032 0.711 0.843
Slovenia 0.355 0.401 0.794 0.875
Spain 0.043 0.034 0.594 0.793
Sweden 0.166 0.116 0.915 0.865
Mean 0.130 0.144 0.661 0.782

Source: Authors’ calculations.
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Table 5. Normalized means of test statistics of causality tests by groups of countries, pre and post-
GFC, 2006Q4-2023Q4

Sample Fiscal causes External External causes Fiscal
Core 0.300 0.189
Peripheral 0.205 0.322
Baltic 0.299 0.275
CEEC 0.245 0.218
pre-GFC 0.134 0.169
post-GFC 0.278 0.252
Core pre-GFC 0.195 0.161
Peripheral pre-GFC 0.072 0.162
Baltic pre-GFC 0.100 0.150
CEEC pre-GFC 0.132 0.193
Core post-GFC 0.316 0.193
Peripheral post-GFC 0.224 0.346
Baltic post-GFC 0.328 0.294
CEEC post-GFC 0.262 0.221

Source: Authors’ calculations.

The study also highlights regional variations within the Euro Area, distinguishing between
peripheral and non-peripheral countries. Peripheral Euro Area countries exhibit higher
correlations and interdependency between fiscal and external sustainability post-crisis,
indicating a heightened vulnerability to external shocks. Non-peripheral Euro Area countries,
while also showing increased correlations post-crisis, maintain a relatively lower level of
interdependence compared to their peripheral counterparts. This suggests that non-peripheral
countries may have more resilient fiscal frameworks that can better absorb external shocks.

In summary, the correlation matrices underscore the complex and dynamic relationship
between fiscal and external sustainability across different EU regions and time periods. The
findings highlight the varying degrees of interdependence between fiscal policies and external
balances, influenced by regional characteristics, monetary union membership, and economic
shocks. These insights are crucial for policymakers aiming to enhance fiscal and external

sustainability, particularly in the context of economic integration and global financial volatility.
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Table 6. Correlation Matrix by countries’ groups and periods

Core European Countries

Peripheral European Countries

Revenues Expenditures Exports Imports Fiscal

Revenues Expenditures Exports Imports  Fiscal

Expenditures
Exports
Imports
Fiscal
External

0.841

-0.576 -0.616

-0.546 -0.570 0.995

0.062 -0.188 0.385 0.352

0.106 -0.152 0.344 0.301 0.626

0.808

-0.589 -0.574

-0.519 -0.513 0.981

0.252 0.109 0.357 0.355

0.562 0.452 -0.134  -0.068  -0.088

Euro area countries

Non-Euro area countries

Expenditures 0.851 0.896
Exports -0.385 -0.486 0.185 0.218
Imports -0.383 -0.470 0.986 -0.053 0.001 0.937
Fiscal -0.274 -0.319 0.517 0.531 0.403 0.219 0.113 0.001
External 0.537 0.380 0.050 0.060 -0.012 0.607 0.525 0.616 0.341 0.473
Baltic countries CEEC countries
Expenditures 0.613 0.830
Exports 0.498 0.198 0.391 0.274
Imports 0.370 0.020 0.916 0.334 0.217 0.969
Fiscal 0.947 0.405 0.477 0.412 -0.337 -0.402 0.298 0.349
External 0.407 0.252 0.917 0.722 0.308 0.271 0.168 0.791 0.661 0.330
Pre-GFC Post-GFC
Expenditures 0.874 0.863
Exports -0.102 -0.195 -0.308 -0.421
Imports -0.261 -0.316 0.958 -0.326 -0.423 0.985
Fiscal -0.096 -0.214 0.341 0.353 -0.046 -0.171 0.296 0.303
External 0.644 0.628 0.075 0.004 -0.037 0.495 0.276 0.052 0.048 0.308
Pre-GFC & Euro area Post-GFC & Euro area
Expenditures  0.835 0.861
Exports -0.153 -0.395 -0.434 -0.531
Imports -0.199 -0.396 0.984 -0.421 -0.513 0.986
Fiscal -0.516 -0.622 0.706 0.682 -0.215 -0.276 0.450 0.475
External 0.746 0.699 -0.018  -0.027 -0.524 0.511 0.286 0.038 0.052 0.180
Pre-GFC & non-Euro area Post-GFC & non-Euro area
Expenditures 0.883 0.890
Exports -0.081 0.015 0.104 0.027
Imports -0.295 -0.206 0.945 -0.090 -0.113 0.961
Fiscal 0.364 0.208 0.038  -0.023 0.428 0.257 0.234 0.092
External 0.669 0.651 0.324 0.086 0.598 0.570 0.345 0.529 0.312 0.646
Pre-GFC & Euro area & Peripheral Post-GFC & Euro area & Peripheral
Expenditures ~ 0.809 0.814
Exports -0.644 -0.638 -0.639 -0.664
Imports -0.570 -0.520 0.967 -0.562 -0.601 0.984
Fiscal -0.526 -0.666 0.797 0.665 0.410 0.284 0.254 0.277
External 0.750 0.780 -0.667 -0.519  -0.861 0.597 0.347 -0.181  -0.118 0.201

Pre-GFC & Euro area & non-Peripheral

Post-GFC & Euro area & non-Peripheral

Expenditures
Exports
Imports
Fiscal
External

0.811

-0.535 -0.701

-0.527 -0.678 0.995

-0.606 -0.590 0.844 0.827

0.531 0.237 0.183 0.145 0.080

0.924

-0.375 -0.453

-0.411 -0.470 0.990

-0.643 -0.624 0.566 0.608

0.153 0.063 0.486 0.419 0.173

Source: Authors’ calculations. We have also considered the Euro Area group combining all the countries that have
introduced the euro as currency. We set a country that belongs to the Euro Area when the euro currency begins to
circulate in a respective period.
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Figure 4. Time-varying fiscal and external sustainability coefficients, 2002Q1-2023Q4
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Figure 5. Heatmap of correlation matrix, full sample
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5. Empirical Analysis

5.1. Fiscal sustainability causes external sustainability?

In this sub-section we now use the time-varying sustainability coefficients obtained in the
1% step analysis, to compute the causality patterns between fiscal sustainability and external
sustainability.

Based on Figure 6, where we plot the recursive time-varying granger causality tests, the null
hypothesis of non-causality is rejected in several cases (forward and rolling window results are
reported in the Appendix). Hence, we can draw some conclusions about the evidence of
causality between fiscal sustainability coefficients and external sustainability coefficients for
the 27 European Union countries in the period between 2006Q4 and 2023Q4.

When the 2008 global financial crisis occurred, in some countries that fiscal sustainability
Granger causes external sustainability, namely in Austria, Croatia, Czechia, Germany, Ireland,
Netherlands, Slovakia, Spain, and Sweden (where the null hypothesis of no-Granger causality
is rejected, and with the test statistic surpassing the confidence bands).

During the period of the Eurozone crisis in 2010-2012, in Austria, France, Greece, Ireland,
Netherlands, Slovakia and Spain, there was a causality between fiscal sustainability and
external sustainability. In some countries that are not part of the Euro Area, this pattern of

causality is also observed, namely Croatia, Romania and Sweden.
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Throughout the great confinement crisis associated with the SARS-CoV-2 pandemic (2020-
2022), we obtained empirical support for the causality between fiscal sustainability and external
sustainability in countries such as Croatia, Cyprus, Czechia, Denmark, Finland, Germany,
Greece, Ireland, Italy, Malta, Poland, Portugal, Romania, Slovakia, Slovenia, and Spain.

Furthermore, for Bulgaria, there is a pattern of causality between fiscal sustainability and
external sustainability as of 2010Q2; for Cyprus, from 2020Q3; Czechia, from 2021Q3; Malta,
from 2020Q2; Portugal, from 2018Q4; Slovakia, from 2021Q1; and Spain, from 2014Q2. In
Latvia, there is no causality between the fiscal and external sustainability coefficients in the

period under analysis.

Figure 6. Recursive evolving (RE) window approach time-varying granger causality, fiscal causes external
sustainability
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Source: Authors’ calculations.
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5.2. External sustainability causes fiscal sustainability?

Moreover, we now use the time-varying sustainability coefficients obtained in the 1° step
analysis, to compute the causality patterns between external sustainability and fiscal
sustainability.

Analyzing Figure 7, we can conclude that, during the occurrence of the 2008 GFC, the
pattern of causality between external sustainability and external sustainability was not
significant in the European Union countries, with the exceptions of Czechia, Poland, Romania
and Slovakia.

During the Euro Area crisis, causality was observed between the external and fiscal
sustainability coefficients in countries that are part of the Economic and Monetary Union -
Austria, Germany, Malta, Netherlands, Slovakia, Slovenia and Spain - as well as in countries
that did not adopt the single currency - Bulgaria, Denmark, Hungary and Poland.

In countries such as Bulgaria, Croatia, Denmark, Finland, France, Germany, Hungary,
Lithuania, Luxembourg, Netherlands, Poland, Romania, Slovakia, Slovenia and Sweden,
during the great confinement crisis, we may observe this pattern of causality.

In Italy, from 2013Q4, and in Romania, from 2012Q4, external sustainability Granger causes
fiscal sustainability. In Lithuania, this causality pattern between 2015Q2 and 2022Q2 is
observed. In Cyprus and Portugal, there was no causality between the external and fiscal

sustainability coefficients for the majority of the period under analysis.

Figure 7. Recursive evolving (RE) window approach time-varying granger causality, external causes fiscal
sustainability
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Notes: We select a minimum window size of 20 quarters. We include a trend in the underlying VAR model. The
size of the tests is controlled during 10 quarters. These statistics are robust to heteroskedasticity. The dotted line
indicates the 90¢k (lower line) and 95 (upper line) percentile of test statistics, where 499 bootstrap replications
have been used. We present the results of the recursive window at the 5 and 10% levels for readability purposes.
Source: Source: Authors’ calculations.

6. Conclusion

In this paper, we have performed a two-step time-varying analysis in order to identify
causality patterns between fiscal and external sustainability for 27 EU countries during the
period 2002Q1-2023Q4.

The first step of the empirical analysis consists of computing the time-varying coefficients
of fiscal and external sustainability, based on the cointegration relationships between
government revenues and expenditures as well as between exports and imports, using Schlicht'
(2021) method. Next, we follow three recursive strategies, namely forward expanding window,
rolling window technique and recursive evolving window, to implement Granger causality
tests, aiming to capture causal relationships between fiscal and external sustainability.

An important conclusion of our article is related to the existing heterogeneity of the so-called
fiscal and external sustainability coefficients of EU countries taken individually as well as
between groups of countries. More specifically, peripheral countries have lower sustainability
coefficients, while Central and Eastern countries exhibit higher coefficients. Furthermore, non-
Eurozone countries have higher sustainability coefficients relative to Eurozone countries. After
the 2008 global financial crisis, there was an improvement in fiscal and external sustainability
for most EU countries as well as for the EU as a whole, especially with regard to external
sustainability.

In addition, the patterns of causality between fiscal and external sustainability of the several
EU countries have specificities in each country. Nevertheless, the crises that occurred during
the period under analysis, namely the 2008 GFC, the Eurozone crisis in 2010-2012 and the great

confinement crisis in 2020-2022, provide a useful framework and explanations.
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Finally, following our work, one topic that could be studied in future research is the
examination of the determinants of fiscal and external sustainability and the interdependence
between both sustainability coefficients. This analysis could be conducted for a specific EU

country and/or for the broad panel of EU countries.
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Appendix TDH

The link between the current account balance (CA) and the government budget balance
(GB) stems from the standard macro identity:
Y=C+I+G+X—-M (A1)
where Y is domestic output, C is private consumption expenditure, / is private investment, G is
government consumption, X are exports of goods and services, and M are imports of goods and
services. Using the definition of national income (R) and net factor income (NFI) from the rest
of the world we have:
R =Y + NFI. (A2)
Therefore, disposable income (R — T) is consumed or saved:
R=C+S+T (A3)
where S denotes private saving and 7 taxes and the CA is the sum of the trade balance (X — M)
and NFI.
CA=(X — M) + NFL. (A4)

From the previous relationships, the CA is defined as the sum of net private saving (net
lending position of the private sector) and net public saving, the general government balance,
(GB =T - G):'

CA=(S—-1D+ (T -0G). (A5)
Hence, fiscal shocks could drive the current account in the same direction. In particular, a

government budget deficit (7— G < 0) would imply a current account deficit (CA < 0).

" For simplicity, we assume that the budget balance results from the difference between total taxes and public
consumption.
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Appendix

Table Al. Augmented Dickey-Fuller Stationarity Tests for the General Government Revenues and Expenditures, and Exports and Imports as percentage of GDP

Revenues Expenditures Exports Imports
Levels Obs. F.D. Obs. Levels Obs. F.D. Obs. Levels Obs. F.D. Obs. Levels Obs. F.D. Obs.
Austria -2.419 86 | -5.436*** 85 -3.344** 86 | -4.265*** 85 -3.353** 86 | -4.198*** 85 | -3.675*** 86 | -4.285*** 85
Belgium -1.418 86 | -5.015*** 85 -2.283 86 | -4.579*** 85 | -4.334*** 86 | -5.580*** 85 | -4.309*** 86 | -5.685*** 85
Bulgaria -2.260 86 | -5.434*** 85 -2.629* 86 | -5.306*** 85 -2.398 86 | -4.010*** 85 | -4.263*** 86 | -3.661*** 85
Croatia -1.230 86 | -4.668*** 85 | -3.848*** 86 | -4.187*** 85 -0.756 86 | -6.168*** 85 -3.074** 86 | -3.771*** 85
Cyprus -1.458 86 | -5.325*** 85 -3.496** 86 | -5.656*** 85 0.212 86 | -3.843*** 85 0.685 86 | -4.439*** 85
Czechia -3.254** 86 | -6.648*** 85 -2.027 86 | -4.862*** 85 -2.512 86 | -3.878*** 85 -3.156** 86 | -3.720*** 85
Denmark -2.593* 86 | -4.135*** 85 -2.524 86 | -3.221*** 85 -1.585 86 | -5.070*** 85 -1.869 86 | -3.999*** 85
Estonia -2.612* 86 | -5.076*** 85 -2.684* 86 | -3.648*** 85 -2.273 86 | -3.328*** 85 -2.947** 86 | -3.884*** 85
Finland -1.129 86 | -5.519*** 85 -1.973 86 -3.393** 85 | -4.310*** 86 | -3.943*** 85 | -4.458*** 86 | -4.241*** 85
France -1.341 86 -3.295** 85 -2.585 86 | -4.091*** 85 | -4.031*** 86 | -4.438*** 85 | -3.948*** 86 | -4.458*** 85
Germany -2.37 86 | -4.511*** 85 -2.248 86 | -3.957*** 85 -2.533 86 | -4.225*** 85 | -3.556*** 86 | -4.568*** 85
Greece -0.895 86 | -5.000*** 85 -2.492 86 | -4.957*** 85 -1.397 86 | -4.112*** 85 -2.505 86 | -2.898*** 85
Hungary -1.578 86 | -4.972*** 85 -3.348** 86 | -5.494*** 85 -2.392 86 | -3.756*** 85 | -4.003*** 86 | -4.197*** 85
Ireland -0.666 86 | -4.574*** 85 -0.720 86 | -5.354*** 85 -0.285 86 -3.070** 85 -1.708 86 | -4.941*** 85
Italy -1.173 86 | -5.335*** 85 -1.507 86 -4 56*** 85 -1.819 86 | -3.787*** 85 | -4.458*** 86 | -4.564*** 85
Latvia -1.750 86 | -5.912*** 85 -1.872 86 | -4.285*** 85 -2.188 86 | -2.529*** 85 | -3.721*** 86 -2.876* 85
Lithuania -0.580 86 | -4.581*** 85 -2.335 86 | -4.529*** 85 -2.020 86 | -3.786*** 85 | -3.629*** 86 | -4.018*** 85
Luxembourg | -1.688 86 | -4.522*** 85 -2.473 86 | -3.877*** 85 -1.263 86 | -3.771*** 85 -0.919 86 | -4.522*** 85
Netherlands -0.914 86 | -5.901*** 85 -2.271 86 | -5.384*** 85 -1.349 86 | -3.612*** 85 -2.123 86 | -4.173*** 85
Malta -1.973 86 | -6.263*** 85 -2.709 86 | -3.968*** 85 -2.782* 86 | -3.615*** 85 -2.081 86 | -3.688*** 85
Poland -1.841 86 | -4.745*** 85 -2.789** 86 | -5.107*** 85 -1.764 86 -2.814* 85 -2.945%* 86 -2.879* 85
Portugal -1.548 86 | -6.967*** 85 -1.725 86 | -4.979*** 85 -1.705 86 | -4.297*** 85 -2.990** 86 | -3.998*** 85
Romania -2.732* 86 | -4.846*** 85 -1.839 86 | -6.035*** 85 -1.628 86 -3.352** 85 -2.849* 86 -3.498** 85
Slovakia -0.720 86 | -4.195*** 85 -2.133 86 -2.865* 85 -2.727* 86 -3.150** 85 -2.911%* 86 -3.184** 85
Slovenia -2.138 86 | -5.896*** 85 -2.208 86 | -5.488*** 85 -2.469 86 | -3.545*** 85 | -4.123*** 86 | -3.916*** 85
Spain -1.496 86 | -3.745*** 85 -1.821 86 | -4.326*** 85 -2.009 86 | -3.983*** 85 | -4.536*** 86 | -4.470*** 85
Sweden -0.503 86 | -4.669*** 85 -2.443 86 | -4.162*** 85 -2.630* 86 | -3.959*** 85 | -3.508*** 86 | -4.581*** 85

Notes: *, **, and *** denote statistically significance at the 10%, 5%, and 1% level respectively. Unit-root tests were carried out with one-lag, with constant and no trend.



A.1. Forward-Window

A.1.1. External causes fiscal sustainability

Figure Al. Forward expanding (FE) window time-varying granger causality, external causes fiscal

sustainability
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Notes: We select a minimum window size of 20 quarters. We include a trend in the underlying VAR model.
The size of the tests is controlled during 10 quarters. These statistics are robust to heteroskedasticity. The
dotted line indicates the 90¢: (lower line) and 95¢: (upper line) percentile of test statistics, where 499
bootstrap replications have been used. We present the results of the forward window at the 5 and 10% levels
for readability purposes. Source: Authors’ calculations.
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A.1.2. Fiscal causes external sustainability

Figure A2. Forward expanding (FE) window time-varying granger causality, fiscal causes external

sustainability
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Notes: We select a minimum window size of 20 quarters. We include a trend in the underlying VAR model.
The size of the tests is controlled during 10 quarters. These statistics are robust to heteroskedasticity. The
dotted line indicates the 90tk (lower line) and 95tk (upper line) percentile of test statistics, where 499
bootstrap replications have been used. We present the results of the forward window at the 5 and 10% levels
for readability purposes. Source: Authors’ calculations.
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A.2. Rolling Window

A.2.1. External causes fiscal sustainability

Figure A3. Rolling window (RW) time-varying granger causality, external causes fiscal

sustainability
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Notes: We select a minimum window size of 20 quarters. We include a trend in the underlying VAR model.
The size of the tests is controlled during 10 quarters. These statistics are robust to heteroskedasticity. The
dotted line indicates the 90¢: (lower line) and 95¢: (upper line) percentile of test statistics, where 499

bootstrap replications have been used. We present the results of the rolling window at the 5 and 10% levels
for readability purposes. Source: Authors’ calculations.
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A.2.2. Fiscal causes external sustainability

Figure A4. Rolling window (RW) time-varying granger causality, fiscal causes external

sustainability
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Notes: We select a minimum window size of 20 quarters. We include a trend in the underlying VAR model.
The size of the tests is controlled during 10 quarters. These statistics are robust to heteroskedasticity. The
dotted line indicates the 90¢: (lower line) and 95¢: (upper line) percentile of test statistics, where 499
bootstrap replications have been used. We present the results of the rolling window at the 5 and 10% levels
for readability purposes. Source: Authors’ calculations.
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