
Owusu, Benjamin; Bökemeier, Bettina; Greiner, Alfred

Article  —  Published Version

Assessing nonlinearities and heterogeneity in debt
sustainability analysis: a panel spline approach

Empirical Economics

Provided in Cooperation with:
Springer Nature

Suggested Citation: Owusu, Benjamin; Bökemeier, Bettina; Greiner, Alfred (2022) : Assessing
nonlinearities and heterogeneity in debt sustainability analysis: a panel spline approach, Empirical
Economics, ISSN 1435-8921, Springer, Berlin, Heidelberg, Vol. 64, Iss. 3, pp. 1315-1346,
https://doi.org/10.1007/s00181-022-02284-8

This Version is available at:
https://hdl.handle.net/10419/305798

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

  https://creativecommons.org/licenses/by/4.0/

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1007/s00181-022-02284-8%0A
https://hdl.handle.net/10419/305798
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


Empirical Economics (2023) 64:1315–1346
https://doi.org/10.1007/s00181-022-02284-8

Assessing nonlinearities and heterogeneity in debt
sustainability analysis: a panel spline approach

Benjamin Owusu1 · Bettina Bökemeier1 · Alfred Greiner1

Received: 17 September 2021 / Accepted: 11 July 2022 / Published online: 12 August 2022
© The Author(s) 2022

Abstract
This paper empirically studies public debt sustainability with the penalized panel
splines approach for 25 EU economies from 2000 to 2019 by estimating the response
of the primary surplus to lagged debt relative to GDP, respectively. A positive coeffi-
cient on average indicates sustainable policies, which is supported by all our results.
Moreover, we show that this relationship is not homogeneous across the distribution
of the debt ratios but varies with the magnitude of public debt to GDP. The estimations
reveal a strongly increasing reaction for small and high debt ratios while it is rather
flat for intermediate levels. This holds for normal times, too, whereas during years
of economic crisis a monotonously increasing response can be observed. Addition-
ally, for a cluster consisting of smaller EU economies, there is an indication of ‘fiscal
fatigue’, meaning that the effort of active fiscal counter-steering peters out for high
ratios of public debt to GDP. The same effect can be observed for the whole sample
and a sample including the large EU economies, once Greece is removed.
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1 Introduction

With the 2008/2010European debt crisis, the interest in public debt sustainability anal-
yses has revived. Further, the current Covid-19 pandemic affecting countries around
the world forces governments to react in order to protect the societies and to cushion
the negative economic effects with the help of huge rescue and recovery programs
that are mainly financed by issuing bonds. Thus, these policies affect both the current
and the future budget as well. Therefore, studying public debt sustainability and fiscal
discretionary policies is as urgent as ever.

Based on the seminal contributions by Bohn (1995, 1998), we assess public debt
sustainability by analyzing the reaction of the primary balance to changes in public
debt relative to the gross domestic product (GDP), respectively. If a government reacts
to a rise in the public debt ratio by actively adjusting its discretionary fiscal policy
in terms of higher primary surpluses, the debt policy is considered to be sustainable.
Usually, the relationship is empirically tested in a single equation linear regression
model. However, standard econometric specifications, assuming linearity between a
response and explanatory variable, could lead tomodelmisspecification if the true data
generating process is nonlinear and hence, could lead to wrong inferences. Therefore,
it seems necessary to resort to nonparametric or semi-parametric models.

The need to increase the size of the data sets to improve statistical inference and
to study the dynamic relationships between variables has made panel studies popular
in applied macroeconomics research. The basic specification in panel studies is the
fixed effects model, where the unobserved time-invariant individual heterogeneities
are allowed to correlate with the regressors. That model assumes a linear relationship
between the response variable and the covariates and allows to measure the marginal
effects of the latter on the former.

However, in this paper, we intend to get additional insight into the data generat-
ing process and go beyond the standard linear fixed effects model that is commonly
used in panel debt sustainability analyses. Thus, we question the hypothesis that the
response of the discretionary fiscal policy is uniform across the distribution of the
debt ratios, but, we allow it to vary with the magnitude of the debt ratios. (“Does size
matter?”) Particularly, we can show that the reaction of the structural primary balance
changes with the size of the debt ratio, implying that in situations with low debt ratios
the response coefficient is expected to be different as compared to situations with
high debt ratios. In addition, we consider two different clusters of EU economies to
allow for country specifics and we distinguish between times of economic crisis and
normal times, where we use AMECO data for 25 EU economies from 2000 to 2019.
The reasoning for focusing on this sample is obvious against the background of the
sovereign debt crisis in Europe around the years 2010. The estimations demonstrate
that the reaction to higher debt ratios differs in the two clusters and that it is higher
in times of crisis than in normal times. Thus, our estimations provide support for the
hypothesis of heterogeneity in the data. These refinements are particularly important
for policy implications and help to improve recommendations as they indicate that the
status of the current debt and the economic situation is essential for the assessment
and evaluation of fiscal sustainability. Our results show that, yes, size does matter! The
level of the explanatory variable influences the reaction coefficient and, thus, sustain-
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ability. This means policy recommendations need to consider the status of the current
debt situation in order to be successful, as the reaction shows different behavior for
low debt levels compared to medium or high ratios.

The contribution of the paper is threefold; firstly, we applied a semi-parametric
fixed effects model (Panel penalized splines) to study the nonlinearities in debt sus-
tainability analysis for EU countries. Hitherto, only limited numbers of papers had
explored nonlinear models for debt sustainability analysis in the panel data context.
The panel penalized spline models provide the opportunity to visualize the behaviour
of the reaction coefficient (primary surplus) over the distribution of the covariate of
interest (lagged debt-ratio). Secondly, the paper employs a clustering algorithm to
segregate our datasets due to the potential heterogeneity of the countries in the panel.
This enabled us to study the debt sustainability characteristics of each cluster in the
EU. Finally, the paper adds to the empirical literature of nonlinear models in debt
sustainability analysis.

However, there are still limitations to the study. Our data set covers observations
until 2019 only. Certainly, the effects of the pandemic requiring immediate unprece-
dented policy responses by governments and leading debt ratios to skyrocketing levels
are not covered yet. Also, technically the applied models do not take cross-sectional
dependence into account. All these issues are open for further research.

The rest of this paper is organized as follows. The next section presents a short
literature review. Section 3 briefly discusses the theoretical background and Sect. 4
presents the estimation method and the outcomes. Finally, Sect. 5 summarizes the
main results, indicates further research and concludes. Additional information about
the empirics can be found in “Appendix”.

2 Literature overview

Statistical testing of whether the inter-temporal budget constraint of a government is
fulfilled began with the paper by Hamilton and Flavin (1986). Those authors tested
whether the present-value borrowing constraint of the US federal government holds
with annual data from 1960 to 1984. They did so by analyzing if the time series of
the US federal public debt contains a bubble term that would indicate that public
debt exceeded the present value of expected future primary surpluses, implying an
unsustainable debt policy. Hamilton and Flavin performed several tests and found
evidence for the sustainability of the US federal debt policy.

The test procedure applied by Hamilton and Flavin has been criticized by Wilcox
(1989) because their test does not allow for a stochastic interest rate. Therefore, he
proposed a different test where the discounted time series of public debt should be
analyzed and if that series converges to zero, sustainability of the public debt would
be given. Applying that test to the same time series Hamilton and Flavin used, Wilcox
finds evidence that the US federal debt is unsustainable.

The result obtained by applying the test proposed by Wilcox heavily depends on
the interest rate with which the series of public debt is discounted. Since this is a
random variable and realizations of that variable in the past do not give information
about future interest rates, it has been argued that tests should be resorted to that yield
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1318 B. Owusu et al.

outcomes which are independent of the interest rate. Hakkio and Rush (1991), for
example, tested for the cointegration of revenues and expenditures. The idea behind
that approach is that a cointegrating relation between spending and revenues implies
a stationary first difference and, thus, a sustainable debt policy for a positive interest
rate.

Another test that does not rely on the interest rate is the one proposed by Trehan and
Walsh (1991). They test whether public deficits inclusive of interest payments grow
at most linearly. If that property is fulfilled a given series of public debt is sustainable
because any time series that grows linearly converges to zero if it is exponentially
discounted, provided the real interest rate is positive. Denoting by B public debt and
by r the interest rate, another test proposed by Trehan and Walsh (1991) is to analyze
whether a quasi-difference of public debt, Bt −λBt−1 with 0 ≤ λ < 1+r , is stationary
and whether public debt and primary surpluses are cointegrated. If government debt
is quasi-difference stationary and public debt and primary surpluses are cointegrated,
public debt is sustainable.

The dependence of sustainability tests on the interest rate has been heavily criti-
cized by Bohn (1995, 1998), too, since future realizations of that random variable are
unknown. Therefore, he tested whether the primary surplus relative to GDP is a posi-
tive function of the debt toGDP ratio that rises at least linearly with higher debt toGDP
ratios. The intuition behind that procedure is that a positive reaction of the primary
surplus to higher debt relative to GDP, respectively, implies mean reversion of the debt
to GDP ratio and a stationary debt to GDP ratio is sustainable in a growing economy.
This test is very plausible because it has a nice economic intuition: if governments
run into debt today they have to take corrective actions in the future by increasing the
primary surplus. Otherwise, public debt will not be sustainable. Many applications of
such a fiscal response function as suggested by Bohn have followed. A nice recent
overview can be found for instance in Beqiraj et al. (2018). Recently, some applica-
tions have focused on nonlinear fiscal behaviour and studied “fiscal fatigue”, which
is a reverse in behavior of the primary balance as debt ratios become very high, the
response peters out and becomes negative. This has been introduced by Ghosh et al.
(2013) and studied by Checherita-Westphal and Zdarek (2017) as well as Fournier
and Fall (2015) for example. Table 1 below provides a summary of papers regarding
European debt sustainability in the panel data context.

3 Theoretical background

To get a deeper insight into the logic of the test proposed by Bohn (1995), Bohn
(1998) and the fiscal response function, we consider the accounting identity describing
the accumulation of public debt in continuous time that is given by the following
differential equation:

Ḃ(t) = r(t)B(t) − S(t), (1)

with B(t) > 0 real public debt at time t , r(t) > 0 the real interest rate, S(t) ∈ IR
the real government surplus exclusive of interest payments and the dot over a variable

123



Assessing nonlinearities and heterogeneity in debt… 1319

Ta
bl
e
1

Su
m
m
ar
y
of

pa
ne
lfi

sc
al
su
st
ai
na
bi
lit
y
re
se
ar
ch

in
th
e
E
U
co
nt
ex
t

A
ut
ho

rs
Su

st
ai
na
bi
lit
y
te
st

Pe
ri
od

an
d
co
un

tr
y

Fi
nd

in
gs

A
fo
ns
o
an
d
R
au
lt
(2
01

0)
St
at
io
na
ri
ty

of
de
bt

an
d

co
in
te
gr
at
io
n
be
tw
ee
n

re
ve
nu

e
an
d
ex
pe
nd

itu
re

15
Se
le
ct
ed

E
U
co
un
tr
ie
s

(1
97

0–
20

06
)

Fi
sc
al
st
an
ce

su
st
ai
na
bi
lit
y

co
nfi

rm
ed

B
al
di

an
d
St
ae
hr

(2
01

6)
Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
of

pr
im

ar
y
ba
la
nc
e,
de
bt

an
d

bu
si
ne
ss

cy
cl
e
vi
ab
le
s

D
if
fe
re
nt

gr
ou

ps
of

E
U

co
un

tr
ie
s
(2
00

1–
20

04
)

Su
st
ai
na
bl
e
fis
ca
ls
ta
nc
e
fo
r

al
lg

ro
up

s
po

st
fin

an
ci
al

cr
is
is

C
he
ch
er
ita

-W
es
tp
ha
la
nd

Z
da
re
k
(2
01

7)
Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
of

pr
im

ar
y
ba
la
nc
e
re
sp
on
se

to
de
bt

18
E
ur
o
A
re
a
co
un

tr
ie
s

(1
97

0–
20

13
)

Su
st
ai
na
bl
e
fis
ca
ls
ta
nc
e

C
la
ey
s
(2
00

7)
C
oi
nt
eg
ra
tio

n
be
tw
ee
n

re
ve
nu

e,
sp
en
di
ng

an
d
ne
t

in
te
re
st
pa
ym

en
t

Se
le
ct
ed

E
ur
op
ea
n
co
un
tr
ie
s

(1
97

0–
20

01
)

Su
st
ai
na
bl
e
fis
ca
lp

ol
ic
y

L
ee

et
al
.(
20

18
)

Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
of

pr
im

ar
y
ba
la
nc
e
re
sp
on
se

to
de
bt

E
U
re
gi
on

al
gr
ou

ps
(1
95

0–
20

14
)

V
ar
ie
d
re
su
lts

de
pe
nd

in
g
on

th
e
re
gi
on

M
ed
ei
ro
s
(2
01

2)
Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
an
d

V
A
R

15
E
U
M
em

be
r
St
at
es

Fi
sc
al
st
an
ce

su
st
ai
na
bi
lit
y
in

th
e
w
ea
ke
r
se
ns
e

Pr
oh

la
nd

Sc
hn

ei
de
r
(2
00

6)
C
oi
nt
eg
ra
tio

n
be
tw
ee
n
bu
dg
et

de
fic

it
an
d
pu

bl
ic
de
bt

15
E
U
co
un
tr
ie
s
(1
97
0–
20
04
)

Fi
sc
al
st
an
ce

su
st
ai
na
bi
lit
y

co
nfi

rm
ed

Pr
oh

la
nd

W
es
te
rl
un

d
(2
00

9)
C
oi
nt
eg
ra
tio

n
be
tw
ee
n

re
ve
nu

e
an
d
ex
pe
nd

itu
re

15
E
ur
op

ea
n
co
un

tr
ie
s

(1
97

0–
20

04
)

Su
st
ai
na
bl
e
fis
ca
lp

ol
ic
y

Sc
ha
lk

(2
01

2)
Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
12

E
ur
oz
on

e
C
ou

nt
ri
es

(1
99

9–
20

10
)

V
ar
ie
d
fis
ca
lr
es
po
ns
e

de
pe
nd

in
g
on

th
e
qu

an
til
e

St
oi
an

et
al
.(
20

22
)

Fi
sc
al
re
ac
tio

n
fu
nc
tio

n
26

E
ur
op
ea
n
U
ni
on

co
un
tr
ie
s

(2
00

5–
20

18
)

V
ar
ie
d
fis
ca
lr
es
po
ns
e

de
pe
nd

in
g
on

th
e
qu

an
til
e

123



1320 B. Owusu et al.

stands for the derivative with respect to time d/dt . A government is said to follow
a sustainable debt policy if its inter-temporal budget constraint is fulfilled, i.e. if the
present value of public debt converges to zero asymptotically. The latter means that
limt→∞ e−C1(t)B(t) = 0 holds, with C1(t) = ∫ t

t0
r(μ)dμ the discount rate.

Assuming that the government in the economy determines the primary surplus to
GDP ratio, s(t) = S(t)/Y (t), such that it is a positive linear function of the debt to
GDP ratio, b(t) = B(t)/Y (t), and of a term that is independent of public debt, φ(t)
(see Bohn 1995, 1998; Greiner and Fincke 2015; Afonso and Jalles 2019), the primary
surplus ratio can be written as

s(t) = ψ b(t) + φ(t), (2)

where ψ is the reaction or response coefficient determining the change of the pri-
mary surplus to variation in public debt, relative to GDP, respectively. The parameter
φ(t) ∈ IR is affected by other economic variables, such as social spending or transitory
government expenditures in general. As regards φ(t) we posit that it is bounded from
above and from below by a certain finite number that is constant over time. We should
also like to emphasize that φ(t) cannot be completely controlled by the government.
The government can influence that coefficient to a certain degree but it has not com-
plete control over it because φ(t) is also affected by the business cycle for example
that can affect temporary government outlays.

Using (2) the period budget constraint of the government (1) is obtained as

Ḃ(t) = (r(t) − ψ) B(t) − φ(t) Y (t). (3)

Integrating equation (3) and multiplying both sides by e−C1(t) leads to

e−C1(t)B(t) = e−C3(t) B(t0) − e−C3(t)
∫ t

t0
e−C1(μ)+C2(μ)+C3(μ)Y (t0)φ(μ)dμ, (4)

with g(t) the growth rate of GDP and C1(μ) = ∫ μ

t0
r(ν)dν, C2(μ) = ∫ μ

t0
g(ν)dν,

C3(μ) = ψμ. As regards the interest rate, we posit that the interest rate on government
bonds exceeds the growth rate of GDP on average,

∫
r(μ)dμ >

∫
g(μ)dμ. We make

this assumption because otherwise the inter-temporal budget constraint would not pose
a problem for the government since it can grow out of debt in that case.

Now, assume thatψ is positive on average so that limt→∞ C3(t) = ∞ holds. Then,
we get limt→∞ e−C3(t) B(t0) = 0 and the first term in equation (4) converges to zero.

Since |φ(t)| < ∞ we can set φ(t)Y (t0) = 1 so that it is sufficient to consider for
the second term on the right hand side in (4) the following expression,

�(t) =
∫ t
t0
e−C1(μ)+C2(μ)+C3(μ)dμ

eC3(t)
.

If
∫ ∞
0 e−C1(μ)+C2(μ)+C3(μ)dμ remains bounded limt→∞ C3(t) = ∞ guarantees that

� converges to zero. In case of limt→∞
∫ t
t0
e−C1(μ)+C2(μ)+C3(μ) dμ = ∞, the limit
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of � is obtained by applying l’Hôpital as

lim
t→∞ �(t) = lim

t→∞
e−C1(t)+C2(t)

ψ
.

These considerations demonstrate that a strictly positive reaction coefficient on
average ψ > 0 and a positive interest rate—growth rate gap limt→∞

∫
r(μ)dμ −∫

g(μ)dμ = ∞must hold to imply that the debt policy of a government is sustainable
(see Greiner and Fincke 2015, chap. 2.2-2.5 for details). The latter requirement means
that the interest rate/growth rate difference must be positive on average in order for
the present value of public debt to converge to zero asymptotically. It must be pointed
out that the reaction coefficient ψ can be varying and it may even be negative for
some time periods. However, on average that coefficient must be positive. The aspect
regarding the interest rate—growth rate interval becomes particularly important when
considering ratios to GDP. A shortcoming of the former analysis is that it implicitly
assumes that the primary surplus can grow without upper bound. However, a positive
but small reaction coefficient on average does not necessarily guarantee a bounded debt
to GDP ratio. It can be demonstrated that the public debt to GDP ratio b(t) remains
bounded if the reaction coefficient ψ >

∫ t
t0

(r(μ) − g(μ)) dμ, while it diverges to

infinity in the case of ψ ≤ ∫ t
t0

(r(μ) − g(μ)) dμ. Thus, the reaction coefficient must
exceed the difference between the interest rate on public debt and the GDP growth
rate on average such that the debt to GDP ratio remains bounded.

Here, we should like to stress three aspects. Firstly, the previous calculations show
the significance of the difference

∫
r(μ)dμ − ∫

g(μ)dμ. If the GDP growth rate
exceeds the interest rate on public debt, the debt to GDP ratio remains bounded. In
that case, the government can grow out of debt as already mentioned above. Second, a
positive reaction coefficient that falls short of the difference between the interest rate
and the GDP growth rate implies a rising debt to GDP ratio, if the interest rate exceeds
the GDP growth rate. But, such a policy is not sustainable because it would require
permanently rising primary surplus to GDP ratios which is not feasible because the
primary surplus relative to GDP is bounded from above because the primary surplus
can never exceed GDP. Thus, there exists a critical threshold value of the debt ratio
beyond which sustainability is excluded. In that case the outstanding debt ratio is too
large to be covered by the sum of discounted future primary surpluses (cf. Greiner and
Fincke 2015, chap. 2.1, Prop. 3).

Third, and to finish our theoretical considerations, we want to point out that the
reaction coefficient must not be constant but may be varying. A constant reaction
coefficient is rather implausible. In fact, times series analyses provide strong empirical
evidence that this coefficient is not constant for instance over time (see Greiner and
Fincke 2015, chap. 2.2–2.5).We emphasize this point because in our empirical part we
estimate a nonlinear model describing the relationship between the primary surplus
and public debt. More concretely, our model is a semi-parametric model and the
estimation outcome consists of the average coefficient and of a smooth function such
that the actual coefficient for each observation consists of the average value plus the
nonlinear part given in the figure. In particular, we allow the reaction coefficient to
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vary across the distribution of the debt ratio. We estimate the fiscal policy reaction in
a flexible manner along the evolution of the debt ratio. See Greiner and Fincke (2015)
for detailed proof regarding the above theoretical discussions.

The use of a nonlinear model is of interest because the question arises of which
factors are responsible for variations in the coefficients. When analyzing the response
of the primary surplus to variations in public debt, there is evidence that the reaction
depends on the magnitude of the public debt ratio. For example, Ghosh et al. (2013)
have analyzed 23 advanced economies over the period 1970–2007 and found that
the reaction decreases once a critical value has been passed, what they refer to as
’fiscal fatigue’. Checherita-Westphal and Zdarek (2017) also explored ‘fiscal fatigue’
in euro-area economies with a focus on the primary balance.

4 Empirics

4.1 Estimationmethod

Regarding the methodology for the empirical estimation, we resort to the penalized
splines fixed effects estimator according to Puetz and Kneib (2018). Such additive
semi-parametricmodels have become increasingly popular in empiricalworks (Baltagi
andLi 2002).We argue that this approach is desirable because nonparametricmodeling
does not impose restrictions regarding the functional relationship between the response
variables and the regressors. Rather the functional shape of the co-variate effect is
derived from the datasets. Pioneering works on penalized splines can be traced back
to Hastie and Tibshirani (1990) with their introduction of generalized additive models
which provide a flexible way of modeling the response of a dependent variate to co-
variates. Subsequent contributions were made by Wood (2000) who introduced the
mixed model representation of penalized splines, as well as Ruppert et al. (2003),
Eilers and Marx (1996) and Kauermann (2005).

In panel data settings, the correlation between covariates and the unobserved time-
invariant factors in the error term is prevalent. Baltagi and Li (2002), Su and Ullah
(2006) andHenderson et al. (2008) have all proposed alternative semi-parametric fixed
effects estimators where the nonlinearity is modeled via a kernel estimator. However,
Puetz and Kneib (2018) argued that modeling fixed effects and nonlinearity with the
Kernel estimator is computationally demanding especially with large datasets. Penal-
ized splines on the other hand provide a flexible and convenient way of modeling the
nonlinearity without complications and the fixed effects in the model can be conve-
niently handled by way of a first difference operator.

Following Puetz andKneib (2018), we consider the following panel additivemodel

yi,t = μi +
p∑

g=1

fg(xgi,t ) + vi,t (5)

where i = 1, . . . , N represent the individual countries and t = 1, . . . T represent the
time period, yi,t is the response variable, whilst μi accounts for the time invariant
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unobserved heterogeneity also known as the individual fixed effects in this case. By
this, we allow the unobserved heterogeneity to correlate with the regressors instead of
the error term. The variable vi,t represents the error term which is assumed to be nor-
mally distributed with zero mean and a constant variance. The functions f1(xgi,t ),…,
f p(xgi,t ) are the nonlinear effects of the p continuous co-variateswhich can be approx-
imated by a penalized B-splines according to Eilers and Marx (1996) together with a
penalty term applied to penalized least squares criterion. The aim of the penalty term
is to penalize too much variability in the model as a way of regularizing the estimation
in order to deal with overfitting to the data.

Assuming that (5) holds for each point, we could express the lag as

yi,t−1 = μi +
p∑

g=1

fg(xgi,t−1) + vi,t−1 (6)

in order to eliminate the fixed effects, we subtract (6) from (5) to obtain

�yi,t =
p∑

g=1

[ fg(xgi,t ) − fg(xgi,t−1)] + vi,t − vi,t−1 (7)

where � is the difference operator. The nonlinear function fg is approximated by
the weighted sum of dg B-spline basis functions Bg1, . . . , Bgd such that

fg(xgi,t ) =
dg∑

g=1

Bgj (xgi,t )βgi,t = zTg (xgi,t )βg. (8)

Inserting (8) into (7) and applying the difference operator once again, we have

�yi,t =
p∑

g=1

[�zg(xgi,t )]Tβg + �vi,t . (9)

For the sake of simplicity, (9) can be written in compact matrix notation as

�y =
p∑

g=1

�zgβg + �v (10)

where �y = (y12 − y11, . . . , yN ,T − yTN ,T−1) is a column vector with dimension
N (T − 1) and �zg is derived by taking the difference between zg and its lags which
is of dimension N (T − 1)Xdh .
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In order to obtain a first difference penalized spline estimator, we minimize the
penalized least square criterion below

⎡

⎣�y −
p∑

g=1

(�zg)βg

⎤

⎦

T ⎡

⎣�y −
p∑

g=1

(�zg)βg

⎤

⎦ +
p∑

g=1

λgβ
T
g kgβg (11)

where the matrix k is introduced and assigned to each smooth function to penal-
ize too much variability of the adjacent coefficient in the vector βg . This prevents
overfitting the data to the model. λg is the smoothing parameter which is the weight
placed on the penalty term in the minimization criterion in (11). In reality, the smooth-
ing parameters are unknown ex-ante. However, they can be estimated via maximum
likelihood estimation by making use of the mixed model representation of the penal-
ized splines. To estimate the smooth function fg , equation (5) is identified such that
∑N

i=1
∑T

t=1 fg(xgi,t ) = zgβg = 0, for all g = 1, . . . , p. In order to account for serial
correlation in the residuals which could arise as a result of first difference transfor-
mation, a Generalized Least Square (GLS) approach is used where the differenced
model matrix (�zg) and �y in (11) are multiplied by a block diagonal matrix.1 This
ensures that the estimator is robust against serial correlation resulting from first dif-
ferencing. Another appealing feature of the semi-parametric fixed effects estimator is
the estimation of the derivative of the smooth function as well as the computation of
simultaneous confidence bands for inferences. SeeWiesenfarth et al. (2012) and Puetz
and Kneib (2018) for details regarding the simultaneous confidence bands.

4.2 Empirical results

In this paper, we model a fiscal reaction function in analogy to Bohn (1998) where the
primary surplus is assumed to be a linear function of debt, relative toGDP, respectively,
and of other macroeconomic variables which serve as control variables. In contrast to
Bohn we do not posit that the response of the primary surplus to public debt is linear,
but, we estimate a semi-parametric model of the form

Si,t = μi + f (Xi,t ) + γ ZT
i,t + vi,t (12)

where the Si,t is the response variable, Xi,t represents the variables which enter the
model nonlinearly and hence f (Xi,t ) is the penalized function which is orthogonal
to the linear part of the model. Zi,t are other variables which are modeled linearly, γ
measures the impact of the linear regressors on the response variable and vi,t is the
uncorrelated error term assumed to be centered around zero with a constant variance.
We shall apply (12) to test the fiscal reaction function in this paper.

As a first step, all variables are modeled nonparametrically, meaning that we do
not impose any restrictions on the relationship between the response variables and the
covariates. For instance, if the true relationship between any of the co-variates and the
response variable is indeed linear, the spline model will impose a linear relationship

1 See Puetz and Kneib (2018) for further details.
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via the effective degree of freedom of the co-variate in question.2 This is particularly
advantageous since we thus avoid misspecification of the model that would result if
apriori restrictions were imposed that are inconsistent with the true data generating
process.

The source of the data used for the empirical study is the European commission
AMECO (2021) website. Regarding the response variable, we use the cyclically
adjusted primary balance of the governments.3 In general the primary balance is
the fiscal balance of the government excluding interest payments. We focus on the
cyclically adjusted balance because it is devoid of shocks or one-off fluctuations and
because this is consistent with the EU fiscal framework (see Mourre et al. 2013). It
is expressed relative to GDP and denoted by pbratio with positive (negative) values
indicating surpluses (deficits). The explanatory variables include the lagged debt-ratio
of the previous period t − 1 which constitutes our main co-variate of interest. Fol-
lowing the Barro (1979) tax smoothing principle4, we use the business cycle variable
(YVAR) and the public expenditure gap (GVAR) as control variables. YVAR which
is also known as the output gap is computed as the deviation of output (GDP) from its
long-term trend. Similarly, we compute the GVAR as the deviation of real government
spending from its long-term trend. We use the HP filter to estimate the trend compo-
nents of output and real spending. In order to capture the influence of international
trade, we include the net export-ratio that is given by the difference between exports
and imports as a ratio to GDP. In addition, we include Inflation in order to explore its
influence on the primary balance as a proxy for monetary policy effects.5 A total of
25 EU countries constitutes the sample with the exception of Lithuania and Croatia
due to unavailability or missing data. The sample period is from 2000 to 2019, hence
a total of 500 observations in annual frequency were generated.

Before we present our estimation results we give a summary statistics of the vari-
ables in Table 2. It can be realized that the average primary balance is positive, although
rather small, and that the two variables of interest, the primary balance ratio and the
debt to GDP ratio, are left-skewed and right-skewed, respectively. A correlationmatrix
presented in Table 5 in “Appendix” depicts a positive relationship between the primary
balance and lagged debt-ratio even though the correlation coefficient is not so strong.
Inflation, GVAR and YVAR all have negative relationships with primary balance. We
also show the behaviour of the primary balance and lagged debt-ratio in Fig. 5 in
“Appendix” for selected countries. One can observe a sharp decline in the primary
balance ratio during the 2009/2010 period for the bigger economies. The lagged debt-
ratio is relatively flat and sturdy except for Greece, Spain, Portugal and Italy which
record a slight upward trend after the year 2010.

2 For Inflation this turned out to be the case, so it has been included in a linear manner. The effective degree
of freedom is a meaningful and scale-free measure of the complexity of the penalized spline fit (Harezlak
et al. 2018).
3 Fiscal policy is one of the most powerful instruments of a government to achieve political goals. The
primary balance reflects the quantitative outcome of discretionary tax and spending decisions, or rather of
the policy design, respectively.
4 According to the tax smoothing principle, the public deficit should be used such that the tax rate is constant
over time to minimize the excess burden of taxation.
5 We used the GDP price deflator as a proxy for inflation with 2015 the base year.
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Table 2 Summary statistics

Statistic Pbratio Lagged debt-ratio GVAR YVAR Inflation Net export-ratio

Mean 0.000107 0.585548 1.80E−11 −3.40E−11 0.905804 0.022806

Median 0.002366 0.540408 −0.136394 −0.255106 0.938120 0.015596

Maximum 0.097171 1.862386 52.88208 96.16156 1.166769 0.360148

Minimum −0.276920 0.037655 −36.70577 −106.6082 0.441318 −0.206930

SD 0.030345 0.343700 6.337278 16.20572 0.128713 0.087258

Skewness −1.700262 0.903345 1.808153 0.221095 −1.067245 1.257040

The next table gives the outcomes of our estimations for the full sample, both for
the linear and for the nonlinear model.6

Table 3 presents the standard linear fixed effects results for models 1 through 3,
with the latter giving the full model including all our control variables. It shows that
the response coefficient is positive and statistically significant for all three paramet-
ric specifications, indicating sustainable debt policies. Additionally, public spending
(GVAR) turns out to have a small negative influence on the structural primary balance,
while the business cycle effect represented by YVAR is rather weak and significant
only at the 10% level in models 2 and 3. The latter result may be due to the fact that
we use the cyclically adjusted primary balance. Inflation and trade did not turn out to
be statistically significant.

Next, we argue that allowing for a more flexible approach, where the effects are
modeled in a nonparametric manner, turns out to bemore informative. The second part
of Table 3 with specifications 4 to 7 presents the results for the penalized spline model
accounting for nonlinear effects of the lagged debt-ratio, GVAR, YVAR and of net
export-ratio.7 Net export-ratio and Inflation are now statistically significantly positive
and negative, respectively. The results for the lagged debt-ratio show a significantly
positive average response that, however, is a little smaller compared to the outcome
of the linear estimations. But the estimated degrees of freedom of the smooth term
for the lagged debt-ratio with values around 5 indicate an alternating behavior across
the distribution and is statistically significant. The same holds for the other variables,
except Inflation. The shape of the smooth functions is depicted in Fig. 1.

Figure 1 shows that there are indeed variations in the effects of the variables across
the distribution of the explanatory variables. It should be recalled that negative (posi-
tive) values in Fig. 1 imply that the actual parameter is below (above) the average and
the actual coefficient just equals the estimated average plus the respective value given
in the figure. For our variable of interest, the lagged debt-ratio, it can be realized that
there is an increase in the reaction coefficient until the lagged debt-ratio reaches about
30 percent, followed by some flat part and again a distinctive increase once the debt
to GDP ratios rise above 100 percent. This information from the nonlinear modeling

6 The standard errors were rounded to the third and fourth decimal place, respectively.
7 As mentioned above, Inflation exerts a linear effect, thus, no smooth function is needed. Hence, the model
is rather a semi-parametric one.
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Fig. 1 Full sample—smooth functions. Smooth functions of the nonparametric variables. Vertical axis
depicts the estimated degree of freedom which governs the (non)linearity of the function

yield additional insight compared to the estimated parameters obtained in the standard
linear fixed effects model. It clearly reveals heterogeneity in the relationship.

There could be a potential correlation betweenGVARand real government spending
and also between YVAR and GDP since both GVAR and YVAR were obtained from
government spending and GDP, respectively. Hence, potential endogeneity problems
could arise since GDP and real government spending are part of the error term because
they are not considered as part of themodel. Since the panel splines do not directly deal
with endogeneity, we therefore employ the GeneralizedMethod ofMoments estimator
where we instrument lags of GDP and lags of real government spending which are
both assumed to be orthogonal to the error term. We make use of the difference GMM
estimator by Arellano and Bond (1991) and the system GMM estimator by Blundell
and Bond (1998). Results obtained from both models are quantitatively comparable
to the panel penalized splines. Results of GMM estimator can be found in Table 3
where specifications 9 represents the Arellano and Bond model and specification 10
is the results from the Blundell and Bond estimator. One lag of the primary balance
ratio is added to the GMM model to account for potential autocorrelation that could
emanate from model misspecification. We report the test for over-identifying restric-
tions (Sargen test) which reveals the validity of our instruments. The autocorrelation
test also confirms the absence of serial correlation in the model. Finally, we also esti-
mate a mean group estimator (Model 11) developed by Pesaran and Smith (1995) as
another round of robustness tests. This model can be justified by the fact that the slope
coefficient of the panel is likely to be heterogeneous due to the large time dimension
(20 year period). It should be noted that the panel linear fixed effect, panel spline and
GMM estimators all assume that the slope coefficient is poolable across the various
cross-sections. However, with heterogeneous slope, the mean group estimator is well
suited since it estimates the group-specific ordinary least squares regression and aver-
ages the estimated coefficient for the group in order to account for heterogeneity in the
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coefficient. Results of the MG estimator in Table 3 is also similar to the Panel Splines,
fixed effects and GMM, with all pointing towards sustainability of the fiscal stance.

As another robustness check, we consider different values of the smoothing param-
eter (λ) used in the HPminimization criterion. We consider parameters by Backus and
Kehoe (1992) who recommended λ of 1008, Baxter andKing (1999) suggested λ value
of 10, Correia et al. (1992) and Cooley and Ohanian (1991) suggest a value of 400.
Finally, Ravn andUhlig (2002) recommended a value of 6.5.We calculated GVAR and
YVAR using these different λ values for fixed effects and panel splines (see Table 9 in
“Appendix”). The results reveal that using these different smoothing parameters does
not change the results significantly. The debt reaction coefficient is positive and sta-
tistically significant in all the different specifications. It is not surprising since GVAR
and YVAR serves as control variables in the model. Secondly, the reaction coefficients
for both GVAR and YVAR are comparable across all the specifications. This proves
the robustness of our model to different values of the HP smoothing parameter.

Next, we investigated the potential effect of each country in the panel datasets by
excluding all the countries one after the other to ascertain the impact of the lagged
debt-ratio on the primary balance. It turned out that the exclusion of Greece from the
datasets yielded the most significant change in the reaction coefficient. Model 8 in
Table 3 presents the estimation outcome for the full sample without Greece. It can be
realized that the average reaction coefficient is clearly smaller now. This demonstrates
that Greece had achieved very high primary surpluses, with the help of other EU
economies, the Euro-zone and of the IMF, during its consolidation after its public
debt crisis. The elimination of Greece from the sample also changes the shape of the
smooth function, describing the reaction to higher debt ratios. Figure 2 demonstrates
that the response to higher debt ratios rises with higher debt, but, not monotonously.
Rather, there are oscillations indicating phases of ’fiscal fatigue’, meaning that the
effort of counter-steering peters out and declines once the debt to GDP ratio exceeds
certain thresholds.

All in all, our empirical analysis yields a statistically significant positive reaction
coefficient on average and, thus, supports the view of sustainable debt policies in the
countries under consideration. However, based on the spline estimations reveals that
there is more information contained in the data. The smooth functions show that the
response varies considerably across the distribution of the lagged debt-ratios. This
effect is particularly pronounced for low and high values of public debt relative to
GDP.

Figure 7 in “Appendix” depicts the residual diagnostics plot where we compare the
residuals of the panel linear fixed effects model (specification 3 in Table 3) against
the penalized spline model (specification 7 in Table 3). Since both models assume
normally distributed residuals, it would be plausible to ascertain if this is indeed the
case. The upper panel in Fig. 7 shows a quantile-quantile plot of the residuals for the
two models. It can be observed that the panel spline residuals satisfy the normality
assumption better than the linear fixed effects model since most of the residuals lie on
the straight diagonal line between the theoretical quantile of a normal distribution and

8 We used HP smoothing parameter of 100 to calculate the GVAR and YVAR for all the original specifi-
cations.
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Fig. 2 Full sample—without Greece. Smooth functions of the lagged debt-ratio for specification without
Greece. Vertical axis depicts the estimated degree of freedom which governs the (non)linearity of the
function

the sample quantile. Hence, the spline model performs better than the linear model. In
the lower panel of Fig. 7, we plotted the fitted values against the residuals to explore
the presence of heteroskedasticity. However, the residual plots for both models are
similar and do not exhibit any pattern.

As a further robustness test, we estimated another semi-parametric model by way
of a panel mixed effects model according to Ruppert et al. (2003), where the fixed
effects represent the linear estimates and the random effects depict the nonlinearities.
Results of the panel mixed effects model are shown in Table 7 in the “Appendix”.
Comparing the panel mixed effects model to the panel spline fixed effects model (full
model in Table 3) demonstrates that the estimates are almost the same and hence a
confirmation for the robustness of our results.

4.3 Results of subsamples

Due to the potential heterogeneity in the datasets, we explore the possibility of dividing
the countries into clusters where each cluster is made up of countries with similar
characteristics.We employ theK-mean approach (seeHartigan andWong 1979)which
entails finding clusters and cluster centers in a set of unlabeled data. Using thismachine
learning clustering technique, we choose tentatively the number of desired cluster
centers and allow the K-mean algorithm to iteratively move the centers in a way as to
minimize the sum within the variance of the cluster. Alternatively, an optimal number
of clusters can be estimated by choosing the number of clusters for which the total
within-cluster sum of square is minimized.

We estimate the clusters based on our variables of interest, notably the primary
balance and the lagged debt-ratio. The results of the two cluster characteristics can
be found in Table 6 in “Appendix”.9 Cluster 1 has an average debt of 105% and a

9 We estimated the optimal number of clusters which turned out to be 4. However, using 4 clusters
implies less number of observations for each group. Given that penalized splines require quite a number of
observations for efficient estimation, we use 2 clusters in order to avoid loss in degrees of freedom.
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primary surplus of 0.7% of GDP. Cluster 2, on the other hand, has a relatively smaller
debt ratio of 42% and a primary surplus to GDP ratio of −0.25%, i.e. a primary
deficit.10 Cluster 1 ismade up ofmainly bigger economies in the EU namely: Belgium,
Germany, Greece, France, Italy, Austria and Portugal. Countries that make up cluster 2
are as follows: Bulgaria, Czechia, Denmark, Estonia, Ireland, Spain, Cyprus, Latvia,
Luxembourg, Hungary, Malta, Netherlands, Poland, Romania, Slovenia, Slovakia,
Finland and Sweden.

Applying the penalized splines approach from above to these subsamples gives
interesting results presented in Table 4. The first part (column two to four) considers
the differences in the two clusters, the second part (column five and six) presents the
results distinguished by crisis and non-crisis years.

For all specifications, the results in Table 4 mainly support the general findings for
the full sample from above. Active fiscal policy reacts in a positive manner to changes
in debt, indicating sustainable policies. Higher spending exerts a negative effect on
the primary balance and YVAR is statistically insignificant in most cases or positive
but rather small for Cluster 2. Net export-ratio and Inflation are again statistically
significant and positive and negative, respectively, except for the crisis years.

Looking closer at the estimation outcomes reveals some interesting insight. The
upper part of Table 4 again presents the parametric part. For the cluster containing the
bigger countries (Cluster 1) the debt coefficient turns out to be much larger compared
to the smaller countries (Cluster 2) unless Greece is omitted. Cluster 1A in Table
4 gives the estimations with the omission of Greece from the sample. This yields a
considerably lower estimate for the average reaction coefficient, just as in the case
of the full sample, and the average reaction coefficient is only slightly larger than for
Cluster 2 then. This shows oncemore that Greece had achieved large primary surpluses
through its austerity programs during the crisis. Similarly, the negative inflation effect
(our proxy for monetary policy) is stronger when Greece is included. The coefficient
for net export-ratio is positive and significant, just as for the full sample.

Additionally, we split the data set in order to study the behavior of the reaction
function in crisis periods and non-crisis periods. Regarding the crisis period,we choose
the period between 2008 and 2014 that coincides with the global financial crisis which
affected all EU countries.11 Further, in those yearsmost of the EUcountrieswere under
the excessive deficit procedure due to the violation of the Maastricht Treaty criteria.12

Figure 8 in “Appendix” depicts the time series plot of the debt ratio to GDP ratios
for selected European countries. Strong upward sloping debt ratios can be observed
until 2014 (mostly beginning 2008), which begin to decline in 2014 in most of the
countries. Therefore, the crisis period chosen is supported by the data.

As further justification for our chosendates,we apply a structural break tests for each
country where we consider the lagged debt-ratio ratio for each country. Identification
of break is based on econometric structural break test according to Zeileis et al. (2003).
The test is a combination of the F-statistics test by Andrews (1993) and Andrews and

10 A graphical view of the clusters plot is shown by Fig. 6 in “Appendix”.
11 Additional estimations show that the results are quite robust with regard to the cut in 2014, they do not
differ much if the time span for the crisis is slightly extended or shortened.
12 See European Commission (2021) for information as regards the excessive deficit procedure.
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Fig. 3 Smooth Functions. Smooth functions of the lagged debt-ratio for different clusters and (non) crisis
period.Vertical axis depicts the estimated degree of freedomwhich governs the (non)linearity of the function

Ploberger (1994) to test for potential structural breaks and the algorithm by Bai and
Perron (2002) to locate the optimal break dates series of the data. Break dates for each
country have been reported in Table 8 in “Appendix”. It can be seen that most of the
break dates for our lagged debt variable correspond to the year between 2008 and
2014. Hence, our structural break dates are justifiable.

Regarding the reaction function, the response of the primary surplus to public debt
is stronger in crisis years than in non-crisis years which can be explained by austerity
measures during crisis, while eventually less emphasis is put on debt sustainability
in normal times. Moreover, the GVAR variable has a negative effect on the primary
balance that is much stronger in crisis years compared to non-crisis years. Business
cycles, YVAR, are statistically insignificant13 independent of whether crisis years or
normal times are considered which may be due to the fact that we use the cyclically
adjusted primary balance. Inflation and net export-ratio have the same effect as in the
case of the full sample in non-crisis years, but, are statistically insignificant in crisis
years. This may be due to unconventional policy measures during the crisis years, with
interest rates near the lower bound among other things.

The smooth functions with estimated degrees of freedom higher than 1 demonstrate
that the relationship between the primary surplus ratio and the explanatory variables
is characterized by nonlinearities in most of the cases. Focusing on the public debt
and primary balance to GDP ratio, Fig. 3 depicts the shape of the smooth function for
our specifications Cluster 1 and Cluster 2 as well as for crisis and non-crisis periods.

Obviously, the response behavior is different in the two clusters: while the response
in the case of Cluster 1 is almost monotonously increasing with higher public debt

13 Again, the standard errors are rounded to the third and forth decimal place, respectively, in Table 4.
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Fig. 4 Cluster 1A—modelwithoutGreece. Smooth functions of the lagged debt-ratio for cluster 1A.Vertical
axis depicts the estimated degree of freedom which governs the (non)linearity of the function

to GDP ratios, Cluster 2 with the smaller economies shows rather a flat curve that
reminds somehow of a shallow inverse U-shaped form. For the small economies the
response increases for low values of the debt ratio up to about 30%, then flattens until
about 90% and for higher debt ratios the response decreases. This declining reaction of
the primary balance for high values of the debt ratio is in line with the ’fiscal fatigue’
hypothesis as suggested in Ghosh et al. (2013), for instance. Comparing Crisis and
Non-Crisis periods in Fig. 3 the latter supports the findings from above for the full
sample, where the rise of the response becomes stronger for higher values of the debt
ratio, while during crisis years there seems to be a constantly increasing reaction.

We should like to point out that the estimation for Cluster 1 without Greece, Cluster
1A in Table 4, yields a smooth function that again resembles a (left skewed) inverse
U, implying a declining response for high debt to GDP ratios, as can be seen from
Fig. 4. Hence, we see a tendency for ‘fiscal fatigue’ in those economies, just as for
the ones of Cluster 2, when Greece is left out. This underlines once more that Greece
had achieved very high primary surpluses in its process of fiscal consolidation after
the beginning of the debt crisis.

Summing up our additional results, there are some interesting findings beyond the
standard fixed effects and the full sample estimation. First, all specifications mainly
support the full sample outcomes and, especially, reveal sustainable public debt poli-
cies. By distinguishing two (data-driven) clusters, it turns out that the fiscal response
differs for each cluster. For the cluster withmostly small countries, in particular, ‘fiscal
fatigue’ characteristics appear, meaning that the response to higher debt peters out and,
finally, decreases as the debt to GDP ratios become larger. For the cluster containing
the three largest economies, the response to higher debt is a monotonically increasing
function of the debt to GDP ratio, thus, resembling the shape obtained for the full sam-
ple. However, once Greece is eliminated from that sample, that cluster reveals ‘fiscal
fatigue’, implying that the response declines for high debt to GDP ratios in that cluster,
too. Moreover, in non-crisis years there is some phase of easing for intermediate debt
ratios, but during crisis years, the response is monotonously increasing, meaning a
stronger reaction to higher debt if governments face large debt ratios.
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Comparing these results with previous studies indicate some similarities despite
the different approaches. For instance, Ghosh et al. (2013) with a different time
span (1970–2007) and different sample choice (23 advanced economies, also out-
side Europe) and different empirical framework find the turning-point of a negative
response at a debt ratio level of about 90–100%. Our estimations confirm these num-
bers, as for the small country subsample the response becomes negative at about 90%
and for the group 1 without Greece (Cluster 1A) debt levels higher than 120% seem to
indicate a negative reaction. Fournier and Fall (2015) also find fiscal fatigue behaviour
(OECD economies, 1985:2013, threshold model) around a debt ratio of 170% of
GDP and for the Euro area group (15 countries) with lower turning points (152%
and 167%). Interestingly their results are also sensitive to the inclusion of Greece.
Excluding Greece fiscal fatigue appears at a debt ratio around 120% of GDP—which
is exactly in line with our results from above. On the other hand Checherita-Westphal
and Zdarek (2017) find only week support for fiscal fatigue (18 Euro area) resorting
to an approach taking actual fiscal behaviour into account.

5 Conclusion

This paper has studied nonlinearities in a debt sustainability analysis by resorting to
the penalized panel splines technique. Based on data for 25 EU economies over the
years from 2000 to 2019, we estimated the fiscal response function by analyzing the
relationship between the discretionary fiscal policy in terms of the cyclically adjusted
primary balance to GDP ratio and the lagged debt to GDP ratio. A positive coefficient
on average indicates a sustainable public debt policy, which is supported by our results
for the full sample. However, we have seen that the relationship is not homogeneous
across the distribution of the debt ratios, but, rather varies with the size of the debt
ratio. It reveals strongly increasing reactions for small and high debt ratios, while it
is rather flat for intermediate values. When Greece is eliminated from the sample, the
response to higher debt ratios rises, but, not monotonously. Rather, there are phases
of ‘fiscal fatigue’, meaning that the effort of counter-steering peters out and declines
once the debt to GDP ratios exceed certain thresholds.

Furthermore, we have split the full sample into different categories to explore the
heterogeneity in the data set. We classified the data set into two categories to ascertain
the reaction function in times of debt crisis and in normal times. The reaction function
in normal times exhibits a similar pattern as for the full sample, while during years
of crisis the reaction to public debt has been found to be stronger. Additionally, we
have used a data-driven algorithm to cluster the data set into two distinct groups.
Results for the first cluster, consisting of mainly larger EU economies, shows a strong
response of the primary balance to increases in the debt ratio yielding strong evidence
for fiscal sustainability as long as Greece is included in that sample. Once Greece
is taken out, however, the average reaction coefficient takes on a much lower value
and the smooth function is characterized by an inverted U-shaped relationship: it rises
with increasing debt to GDP ratios, reaches a maximum and, then, declines again.
That shape was found for the second cluster, too, which consists of mostly smaller EU
economies. To test the robustness of our results, we have estimated a fiscal reaction
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function using spline mixed effects models for our panel data set and the main results
remain unchanged, pointing out the robustness of our estimations.

These refinements are particularly important for policy implications and help to
improve fiscal recommendations as they indicate that the status of the current debt and
the economic situation is essential for the assessment and evaluation of sustainability.
Our results show that, yes, size does matter! The level of the explanatory variable
influences the reaction coefficient and, thus, fiscal sustainability. This means policy
recommendations need to consider the status of the current debt situation in order to
be successful, as the reaction shows different behavior for low debt levels compared
to medium or high ratios. Our findings are in line with other literature contributions
that focused on nonlinear fiscal behaviour and study “fiscal fatigue”. This also holds
true for the special case of Greece.

As a potential limitation, it must be noted that the estimated semi-parametric model
does not take into account the issue of cross-sectional dependence. Since we are deal-
ingwith countries that are heavily linked together economically, there is the possibility
that the residuals would also show cross-sectional dependence, which could affect the
consistency of the estimates. None of the estimators used in this paper account for
cross-sectional dependence. Hence it will be plausible for future research to consider
semi-parametric models which accounts for cross sectional dependence in the panel
data context. Also, our data set covers observations until 2019 only. Certainly, the
effects of the pandemic requiring immediate unprecedented policy responses by gov-
ernments and leading debt ratios to extraordinary levels are not covered yet. All these
limitations are open for further research.
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Appendix

See Figs. 5, 6, 7, 8 and Tables 5, 6, 7, 8, 9.

Fig. 5 Primary balance and lagged debt-ratio for selected EU countries

Fig. 6 K-mean cluster plot
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Fig. 7 Residual diagnostic plots

Table 5 Correlation matrix

Pbratio Debt GVAR Inflation YVAR Net export-ratio

Pbratio 1

Lagged debt-ratio 0.212 1

GVAR −0.380 −0.057 1

Inflation −0.001 0.302 0.043 1

YVAR −0.103 −0.120 0.118 0.110 1

Net export-ratio 0.264 −0.097 −0.041 0.254 −0.609 1

Table 6 Clustering
characteristics, measured in %
of GDP

Cluster Lagged debt-ratio Pbratio

1 105 0.7

2 42.2 −0.25
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Fig. 8 Lagged debt-ratio with shaded grey area (2008 and 2014) indicating crisis period
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Table 7 Robustness test—spline mixed effect model

Variables Response variable: Pbratio
1 2 3 4

Parametric

Lagged debt-ratio 0.056*** 0.066*** 0.054*** 0.058***

(0.001) (0.007) (0.007) (0.007)

GVAR −0.002*** −0.002** −0.002*** 0.048***

(0.000) (0.000) (0.000) (0.000)

YVAR 0.0001 −0.000002 −0.0001 −0.003

(0.000) (0.000) (0.000) (0.000)

Inflation −0.027** 0.049*** −0.056***

(0.008) (0.001) (0.007)

Net export-ratio 0.145*** −0.001***

(0.000) (0.000)

Nonparametric

edf(lagged debt-ratio) 6.462*** 7.083*** 6.828*** 7.206***

edf (GVAR) 8.510***

edf (YVAR) 2.909*

edf (Net export-ratio) 6.881***

Adj R2 0.174 0.156 0.30 0.471

[1ex] Observ 500 500 500 500

Standard error are indicated in parenthesis
*, ** and *** indicates statistical significance at 10%, 5% and 1% respectively
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Table 8 Structural break test based on Zeileis et al. (2003)—debt to GDP ratio

Countries Optimal number of breaks Break dates

Austria 2 2009, 2016

Belgium 3 2003, 2006, 2009

Bulgaria 3 2002, 2005, 2015

Cyprus 2 2010, 2013

Czechia 4 2002, 2009, 2012, 2016

Denmark 4 2002, 2005, 2009,2015

Estonia 4 2005, 2009, 2012, 2016

Finland 4 2006, 2009, 2012, 2015

France 4 2003, 2009, 2012, 2015

Germany 3 2003, 2009, 2016

Greece 2 2010, 2013

Hungary 3 2006, 2009, 2016

Ireland 3 2008, 2011, 2015

Italy 3 2002, 2009, 2013

Latvia 2 2009, 2015

Luxembourg 2 2008, 2012

Malta 3 2003, 2006, 2015

Netherlands 4 2005, 2008, 2012, 2016

Poland 3 2003, 2010, 2014

Portugal 3 2004, 2009, 2012

Romania 2 2004, 2010

Slovakia 4 2002, 2005, 2009, 2012

Slovenia 2 2010, 2013

Spain 3 2003, 2009, 2012

Sweden 3 2002, 2006, 2014
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