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economies of southeast Europe: an application by
wavelet-based unit root tests
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Abstract
This study aims to examine the external debt sustainability in the transition
economies of Southeast Europe, some of which are among the developing countries,
by wavelet-based unit root tests. In this framework, the unit root test was applied to
the gross foreign debt variable, and the variable consisting of the ratio of the gross
foreign debt to the gross domestic product (GDP) of the countries and their
stationaries were examined. Each country differs depending on the time dimension
in the analysis. However, in general, starting from the 2000s until the second quarter
of 2020, the data were taken as a quarter. The data were first tested for linearity and
the FWKSS and WKSS unit root tests were applied to the nonlinear data. According
to the test results, external debt is sustainable in Romania and Bulgaria for both
variables in the analysis. However, it has been observed that foreign debt is
unsustainable in North Macedonia and Slovenia for these two variables. In terms of
the gross external debt variable, external debt was sustainable in Albania and
Croatia. However, in terms of gross external debt/GDP ratio, it has been found that
foreign debts are unsustainable in Albania and Croatia.
Keywords: Southeast Europe, transition economies, external debt, sustainability,
wavelet-based unit root tests, FWKSS, WKSS

Introduction
External debt sustainability is an important issue in economic policy. It is
observed that especially developing countries borrow foreign debt to meet their
increasing current account deficit, to finance their investments, and to ensure their
economic growth. In the case of insufficient domestic debt resources, foreign debt is
taken. According to the World Bank, “total external debt” is defined as the sum of
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public debt and publicly guaranteed long-term debt, non-private guaranteed longterm debt, IMF loans and short-term debt (World Bank, 2011).
Unlike concepts such as optimality, feasibility, equilibrium, steady-state, and
stability, 'sustainability' does not have a clear mathematical equivalent in the
economics literature. Therefore, it is very difficult to define the concept of
sustainability. However, the concept of sustainability can be explained by
considering the extreme values that economic variables can take. In an economic
problem, infeasible values of variables are those which cannot be attained, because
they are simply not possible, or because the penalties for attaining them are
prohibitively high. Thus, the level of the capital stock cannot be less than zero, the
output level is limited to a maximum feasible quantity above, and while consumers
may be zero, death is the consequence. Unsustainable economic conditions can be
regarded as situations that would ultimately lead to the values of variables at the
margin of the feasible set, especially without debt-related policy and other external
changes. All the other paths are, then, sustainable. In many cases, unsustainable paths
will have some element of instability, though, as noted, this is not sufficient to make
them unsustainable (Pitchford, 1995).
Although there is no generally accepted and clear definition of external debt
sustainability, it may be regarded as the willingness and ability of a country to pay
off all its current and future debts - because debts can be kept as long as they are
paid. In other words, sustainability is the ability of the country to fulfill its foreign
obligations (Krugman, 1988).
The purpose of external debt sustainability analysis is to assess a country's
capacity to finance policy objectives and serve the ensuing debt. Therefore, external
debt applies to debt obligations owed by residents (both public and private sectors)
in the economy to non-residents for external debt sustainability analyses. In growing
economies, foreign financial resources may be required to supplement domestic
savings to finance investment. However, the introduction of external finance can also
lead to the accumulation of unsustainable external debt, which is expensive for a
country and can interfere with the smooth functioning of international capital
markets. The sustainability analysis of external debt aims to help policymakers
identify imbalances (IMF, 2014).
In this context, external debt sustainability in the transition economies of
Southeast Europe, some of which are among the developing countries, is examined
by using wavelet-based unit root analysis. In the next part of the study, a brief
literature review, revealing the studies examining external debt sustainability of the
transition economies of Southeast Europe, is carried out. While the theoretical
background of debt sustainability based on the analysis of inter-temporal budget
constraints is given in the third part of the study, the econometric methodology of
the study is presented in the fourth chapter, and the data set and empirical findings
are presented in the fifth chapter. The study is completed with the conclusion section.
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1. Literature Review
There are many studies in the literature about external debt sustainability.
However, in our study, an analysis of external debt sustainability has been carried
out only in some of the countries of Southeast Europe. Therefore, the literature
review has been limited to these countries. These countries are Albania, Bulgaria,
Croatia, North Macedonia, Romania, and Slovenia.
Andonova and Stefanova (2015) stated in their studies using VAR analysis
that Macedonia's external debt is sustainable in the medium term. The analysis period
is between 1998q1 and 2013q4.
Jošić (2013) descriptively analyzed the debt status of Croatia and Southeast
European countries in 2010 by taking into account some debt ratios. In Croatia and
Serbia, the variables of total external debt to GDP ratio, the ratio of total external
debt to exports, and the ratio of total external debt service to exports were
unsustainable. The variables for the ratio of net financial transfers to imports and net
financial transfers to GDP have turned out to be unsustainable in Albania and
Moldova. According to the results of the analysis, the total external debt to GDP
ratio in Bulgaria; the ratio of total external debt service to exports in Romania and
Turkey were unsustainable. We found there was no problem in external debt
indicators in Bosnia-Herzegovina and North Macedonia.
Vlahinić-Dizdarević et al. (2006) studied external debt in Southeast European
countries for the period 1999-2004. They stated that the increase in external debt in
Croatia and Romania threatens the sustainability of macroeconomic stability. In
terms of the ratio of international reserves to external debt, the lowest scores are in
Serbia, Montenegro, and Croatia. However, this indicates that it may be vulnerable
to future liquidity risks. While the ratio of debt to GDP decreased in Albania, BosniaHerzegovina, and Bulgaria, there was an increase in Croatia. Also, considering the
variable of debt-to-export ratio, Croatia had the highest ratio among the
aforementioned countries. In terms of the ratio of debt service to exports, the highest
rates were recorded in Bulgaria, Croatia, and Romania in 2004. The authors did not
reach the unsustainable phenomenon in this descriptive study. However, they stated
the existence of threats.
Emilia and Emilian (2008) examined the sustainability of public and external
debt in their work by using the co-integration method for the period January-1992
and December 2007 for Romania. According to the results of the study, the debt in
Romania was in a weak and sustainable form.
In their descriptive studies, Toskovic et al. (2016) examined the extent of the
increasing trend of external debt in the Western Balkan countries, Albania, BosniaHerzegovina, North Macedonia, Montenegro, and Serbia, for the period 2004-2014.
Serbia had the highest debt level in the period under review, while Bosnia and
Herzegovina had the second and Montenegro the lowest. In the study, which did not
contain a definite statement about sustainability for all countries in the analysis, a
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high increase in external debt was recorded in 2008 - the year of the global financial
crisis.
Pivac and Pečarić (2010) examined external indebtedness trends in ten
selected countries in transition economies by using multivariate cluster analysis.
They showed that the situation of Southeast European countries was not better
compared to the Central European countries.
In his descriptive study, Gligorov (2004) showed that the current debt
accumulation trend was unsustainable in Croatia. Especially in his study for the
period of 1994-2003, he stated that the ratio of debt to GDP and exports increased
from 1999 to 2003. He stated that if high growth rates are achieved in the economy
and there are no negative external shocks, sustainability can be achieved.
Cuestas et al. (2015) analyzed the variables of net foreign debt / GDP and
international investment position / GDP for different European countries from the
early 2000s to 2013q3 by using the Bai-Perron test, one of the structural breakage
tests. Unsustainability was found in Southeast European countries such as Bulgaria,
Romania, and Slovenia.
Man et al. (2015) descriptively analyzed the internal and external debt of the
people in Romania from 2001 to 2010. As a result, they stated that for the
sustainability of both internal and external public debts, the macroeconomic
indicators of the country should be improved and the pressures of international
financial institutions should be well managed.
Enache (2010) stated in her statistical study for Romania that the increase in
current account deficits from 2009 to 2010 will also affect the increase in external
debt and negatively affect sustainability.
Babić et al. (2004) analyzed the external debt sustainability in Croatia for the
period 1997-2007 descriptively. While determining that the public's external debt is
decreasing gradually within the total external debt, they stated that the public
intervention will gradually decrease for the sustainability of external debts.
However, the stress test put forward points to greater unsustainability for external
debt rather than public debt.
Milea (2018) reached the following conclusion in its analysis for Romania
between 2006 to 2017. Since 2011, Romania has started to pay the intensive foreign
loans it has received in the previous periods. This situation enabled external debt to
reach a sustainable structure.
In their study with the quantile autoregression model for the period 1990q42010q4 for Romania, Boengiu et al. (2011) stated that external debt in Romania is
sustainable at the 10 percent significance level. However, if macroeconomic stability
is not achieved in the country, sustainability may be lost.
Moşteanu et al. (2010) descriptively analyzed the external public debt in
Romania for the period 1993-2008. They stated that the ineffective use of foreign
loans can cause a debt crisis.
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Zaman and Georgescu (2015) investigated the sustainability of external debt
in Romania by descriptively evaluating various debt ratios for the period 2007-2013.
Many indicators in terms of external indebtedness and debt service were close to
unsustainable critical levels.
In their descriptive study for Romania for the period 2007-2011, Zaman and
Vasile (2014) revealed that the external debt exceeds critical levels in Romania.
Besides, they listed the factors that may affect external debt to increase the
sustainability of external debt in the short-medium and long term. They stated that
by comparing the situation of Romania with other countries, new threshold values in
external debt indicators should be determined depending on the level of economic
and social development of Romania.
Despotović and Durkalić (2017) stated with correlation analysis that debt grew
in Albania and North Macedonia. The multi-criteria results also showed that, for
2014, North Macedonia was in a poor condition due to its high debt level. Other
transitional economies such as Croatia, Slovenia and Bulgaria were countries with
high debt. Because of high debt levels, according to the multiple criteria method,
they were worse in 2014 rankings.
Considering the studies on the Transition Economies of Southeast Europe, the
point that distinguishes this study from others is that not many studies in the literature
examine external debt sustainability by applying unit root methods. Also, this study
is the first to apply wavelet-based unit root tests to external debt sustainability.
2. Theoretical background of external debt sustainability: Inter-temporal
budget constraints approach
The study of both internal public and external debt sustainability is structurally
similar. Both structures are focused on the analysis of inter-temporal government
budget constraints. Whereas the former rests on the public sector's funding
constraint, which relates the primary deficit plus nominal debt servicing to
adjustments in outstanding debt, the latter relates external debt to debt service and
next exports. In particular, the following mechanism of accumulation of external
debt is considered in period t + 1, denoted by Bt+1
Bt+1 = (1 + r)Bt − NXt+1

(1)

Here 𝑁𝑋𝑡+1 reflects net exports in period t+1, r is the nominal interest rate,
and r𝐵𝑡 is debt service in period t (Neaime and Gaysset, 2017).
Iterating equation (1) forward n periods is obtained and the external intertemporal constraint of the government is summed up.
NX

Bn
n
(1+r)
n→∞

Bt = ∑nj=1 (1+r)t+jj+1 + lim
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If the last term in equation 2 reaches zero as the number of periods increases,
then equation 3 will satisfy the No-Ponzi-Game Constraint, also known in the
literature as the transversality condition (Neaime and Gaysset, 2017).
lim

𝐵𝑛

𝑛→∞ (1+𝑟)𝑛

=0

(3)

The No-Ponzi-Game Constraint clearly states that if the country is solvent, the
present value of potential external debt goes to zero in the long run. That is, a good
Ponzi-game cannot be played by the country: the country is unable to pay interest on
its unpaid external debt indefinitely simply by borrowing more. Solvency does not
entail the redemption of the debt; only the indefinite funding of the interest bill by
new borrowing is unlikely (Önal and Utkulu, 2006). External debt B in the numerator
must rise more slowly than the interest rate r for this to occur. By constantly issuing
new external debt, the government cannot fund interest payments on the external
debt. This will happen when equation 3 is not violated, and equation 2 reduces to:
𝐵𝑡 = ∑𝑛𝑗=1

𝑁𝑋𝑡+𝑗
(1+𝑟)𝑗+1

(4)

For external debt sustainability, this is the solvency requirement that has to be
met. Empirically, if the external debt variable is non-stationary, it suggests that it
rises over time without being tied, implying that subsequent debt can also rise
without making external debt unsustainable. In equation 3, this would also break the
No-Ponzi-Game constraint. A stationary external debt variable means that the
variables are reverting to certain mean overtime and do not extend without
restrictions. If that were the case, the external debt would be sustainable because it
would be under command (Neaime and Gaysset, 2017).
3. Econometric methodology
Determining the stochastic nature of a variable is important for several reasons.
The first of these is to determine whether the effect of shocks is permanent or
temporary. If the effect of a shock is permanent, that is, the deviations do not tend to
return to the mean without intervention, effective policies on such variables can make
the impact of the shocks temporary. On the other hand, if the effect of a shock is
temporary, that is, the deviations tend to return to the mean without intervention, no
intervention is required for such variables. This is because deviations tend to return to
the average over time. Second, since variables may be in a relationship with another
variable, the first step in investigating this relationship is to determine their stochastic
structures. Third, future predictions regarding the variables have a very important place
for politicians. If a variable is stationary, the impact of shocks is temporary; it is
possible to make predictions values of such a variable. On the other hand, it is not
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possible to make future predictions for a non-stationary variable where the effects of
shocks are permanent. Finally, it is very important to determine the stochastic structure
of the variables in choosing the correct estimation method to be used. Analyses carried
out without examining the stochastic structure of the variables may cause the use of
wrong methods, thus obtaining biased results (Aydın and Aydın, 2020).
When the literature is examined, many studies on stationary variables are
encountered. Some of these are ADF, PP, KPSS tests that disregard the structural
breaks. Besides, Perron (1989) test, which regarded the structural breaks and
determines these structural breaks externally, is available. There are many tests in
the literature to determine structural breaks internally. The weakness of these tests is
that the structure, form, and number of internally modeled structural breaks must be
known in advance. To overcome this problem, Becker et al. (2004) and Becker et al.
2006) were able to perform unit root tests through Fourier terms and structural
properties, without requiring any prior knowledge about breaks. Another advantage
of such tests is that they allow soft breaks instead of hard breaks. Becker et al. (2006)
's Fourier KPSS test, Enders and Lee (2012a)' s Fourier LM test, Enders and Lee
(2012b) 's Fourier DF test, and Rodrigues and Taylor (2012)' s Fourier GLS unit root
tests are the main unit root tests using Fourier terms (Aydın and Aydın, 2020).
The wavelet-based unit root test typically employs the discrete wavelet
transform in wavelet decomposition. In the discrete wavelet transform, the wavelet
coefficients are as follows;
w1,t = ∑L−1
l=0 hl x2t+1−l mod N

t=0,1,……..N/2-1

(5)

The scale coefficients are as follows for the discrete wavelet transform;
v1,t = ∑L−1
l=0 g l x2t+1−l mod N

t=0,1,……..N/2-1

(6)

The filters used are an important difference between the equations. The hl and g l
filters are used for wavelet and scale coefficients, respectively. The wavelet-based
unit root tests mentioned in the literature are performed using the linear data
generation technique. However, there is no wavelet-based unit root test based on a
nonlinear method of data generation in the literature. Aydın (2019) proposed a
wavelet-based nonlinear unit root test based on Kapetanios, Shin, and Snell's (KSS)
unit root methodology (Kapetanios et al., 2003) to fill this gap. Besides, the proposed
test was extended to consider structural breaks.
Thus, the model used for the nonlinear wavelet-based unit root test is written
as follows:
p
3
∆V1,t = ∑j=1 pj ∆V1,t−j + δV1,t−1
+ εt
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The KSS unit root test model with wavelet transform is given in Equation 7. The test
statistics of the nonlinear wavelet-based KSS unit root test are as follows;
WKSS = δ̂/s. h. (δ̂)

(8)

Here s.h. refers to the standard deviation. The presence of the unit root test is the
basic hypothesis of the WKSS test and the alternative hypothesis has a stationary
structure (Aydın, 2019).
Yazgan and Özkan (2015) used Fourier functions to identify structural breaks
in wavelet transforms. They presented the data generation method to be used for the
identification of structural breaks as follows;
yt = μ(t) + εt

(9)

Therefore, structural breaks of the regression coefficients in Equation 9 are defined
by the following function;
μ(t) ≅ α ∑ni=1 {(2i − 1)−1 sin [

2π(2i−1)kt
]}
T

(10)

where n is the number of frequencies in the procedure, k symbolizes a certain
frequency and α refers to sizes (amplitude). The break numbers and whether they are
temporary or permanent are calculated by the frequency coefficient k alone. Also,
when a single frequency is used (n = 1), the transitions tend to be smooth, while
higher n-values allow the study of sudden temporary or permanent breaks. Aydın
(2019) took the n=1 value for the Fourier WKSS (FWKSS) test and recommended
the following model:
p
3
∆V1,t = ∑j=1 pj ∆V1,t−j + δV1,t−1
+ βsin(2πkt⁄T) + εt

(11)

where V1,t represents the scaling coefficients. Aydın (2019) suggests the following
steps for the FWKSS test, taking into account Enders and Lee (2012b). In the first
step, Equation 11 is predicted for the range 1≤ k ≤ 5. The model with the smallest
sum of the squares of its residuals is chosen as the most suitable model. In the second
step, nonlinearity is determined by the standard t-test. Also, since the classical
critical values cannot be used in the case of unit root null hypotheses, new critical
̂ values were calculated by Aydın (2019, Table 5). By following Becker et al.
t(k)
(2004), Aydın (2019) has produced critical values. when the Fourier function is
insignificant, the use of the WKSS unit root test method is proposed.
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4. Data set and empirical findings
The countries involved in the study, the data used, the source of the data and
the time dimension of the data in the study are shown in Table 1. We use two
variables to analyze sustainability. The first one is gross external debt (GED); the
second one is GED/GDP. In the study, since the GDP series is in euro, but the gross
external debt series is in dollars, the debt series are converted to euro to perform the
analysis with GED/GDP. All series are in nominal values. GDP series were obtained
from Eurostat. The data set is quarterly.
Not all Southeast European countries are selected in the analysis. The reason
for choosing only some of the countries in the region is that these countries are
transitional economies. Other transitional economies in this region not included in
the analysis are Bosnia-Herzegovina, Serbia, Montenegro and Kosovo. Convenient
data could not be reached for these countries. Additionally, some features of
transitional economies are noteworthy and stated in the following parts.
The collapse of communism raised hopes that, as they transitioned to a
capitalist economy, centrally planned economies would drive robust economic
growth and eventually catch up to middle-income developing countries (Svejnar,
2002). External debt crises often occur in developing and transitional economies in
tandem with currency crises. Inflows of short-term capital have poured into
developing economies as they integrate into international capital markets, lured by
high real interest rates and high investment yields. While foreign capital inflows have
advantages, massive inflows of short-term capital trigger asset market bubbles,
strengthen domestic currencies, reduce tradable sector international competitiveness,
and increase current account deficits and external debt (Wang, 2004). Several
transition countries began the 1990s with significant foreign debt. In 1990, Bulgaria's
foreign debt approached 50% of GDP. Other transformation economies, such as
Romania and Slovenia, had conservative governments in 1990, with external debt of
less than 20% of GDP. These disparities in starting conditions had a significant
impact on these countries' subsequent results. Much of the heavily indebted countries
had decreased their debt compared to GDP by the mid-1990s, while a few of the least
indebted countries had increased theirs (Svejnar, 2002).
Table 1. Data set
Countries
Albania
Bulgaria
Croatia

Time Range of
GED Variable
2006q1 - 2020q2
(58 Observations)
2005q3 - 2020q2
(60 Observations)
1999q4 - 2020q2
(83 Observations)

GED Variable Source
Quarterly External Debt Statistics
GDDS
Quarterly External Debt Statistics
SDDS
Quarterly External Debt Statistics
SDDS

Time Range of
GED/GDP
2008q1- 2020q2
(50 Observations)
2005q3 - 2020q2
(60 Observations)
1999q4 - 2020q2
(83 Observations)
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Romania

2008q2- 2020q2
(49 Observations)
2009q1 - 2020 q2
(46 Observations)
2005 q4 - 2020 q2
(59 Observations)

Slovenia
North
Macedonia

Quarterly External Debt Statistics
SDDS
Quarterly External Debt Statistics
SDDS
Quarterly External Debt Statistics
SDDS

2008q2- 2020q2
(49 Observations)
2009q1 - 2020 q2
(46 Observations)
2005 q4 - 2020 q2
(59 Observations)

Source: Author’s calculations

By examining the stochastic structures of these variables, it is possible to
determine the effects of shocks on variables. Therefore, wavelet-based unit root tests,
in which frequency and time information are used together, were performed in the
study. For this purpose, firstly, to determine the correct analysis method, whether the
variables have a linear structure or not were examined with the BDS test. Table 2
shows the results of the linearity test.
Table 2. Linearity test results
Variable
Country
GED
Albania

and

GED
Bulgaria

GED
Croatia

GED
Romania

GED
Slovenia

GED
North Macedonia

Dimension
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5

BDS
Statistics
0.180641
0.318171
0.406834
0.470815
0.512306
0.110067
0.207989
0.279093
0.314908
0.337675
0.191875
0.325327
0.416190
0.475697
0.511771
0.128976
0.219401
0.276854
0.313133
0.320985
0.196630
0.336678
0.434020
0.500498
0.542109
0.145968
0.252559
0.323304
0.367714

Standard Error
0.007228
0.011558
0.013845
0.014515
0.014082
0.005905
0.009409
0.011230
0.011730
0.011337
0.007728
0.012382
0.014861
0.015612
0.015174
0.007252
0.011731
0.014215
0.015079
0.014803
0.007623
0.012174
0.014564
0.015250
0.014775
0.006222
0.010028
0.012103
0.012786

Z-Statistics
24.99318
27.52851
29.38581
32.43586
36.37944
18.64076
22.10489
24.85326
26.84657
29.78490
24.82716
26.27395
28.00471
30.47040
33.72625
17.78500
18.70245
19.47553
20.76619
21.68416
25.79395
27.65600
29.80049
32.81916
36.69134
23.45813
25.18617
26.71208
28.75964

Prob.
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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GED/GDP
Albania

GED/GDP
Bulgaria

GED/GDP
Croatia

GED/GDP
Romania

GED/GDP
Slovenia

GED/GDP
North Macedonia

6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6
2
3
4
5
6

0.398180
0.138573
0.252554
0.334452
0.393555
0.425323
0.065647
0.095400
0.094793
0.109805
0.126188
0.108387
0.180194
0.239528
0.283377
0.310015
0.036667
0.060338
0.068917
0.120049
0.159346
0.173579
0.296006
0.376669
0.434265
0.471459
0.082477
0.158498
0.223259
0.278189
0.307888

0.012498
0.008475
0.013702
0.016596
0.017597
0.017268
0.007429
0.011944
0.014385
0.015163
0.014791
0.005278
0.008453
0.010137
0.010639
0.010330
0.011263
0.018197
0.022032
0.023354
0.022913
0.009670
0.015500
0.018617
0.019572
0.019041
0.008389
0.013491
0.016255
0.017143
0.016730

31.85978
16.35126
18.43207
20.15212
22.36425
24.63029
8.837074
7.987442
6.589891
7.241396
8.531472
20.53405
21.31796
23.62889
26.63583
30.01045
3.255533
3.315859
3.128094
5.140406
6.954504
17.95031
19.09717
20.23305
22.18772
24.76055
9.832038
11.74814
13.73485
16.22789
18.40388

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0011
0.0009
0.0018
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Source: Author’s calculations

According to the linearity test results, all variables show a nonlinear structure.
Accordingly, the stochastic properties of all variables should be examined by
nonlinear unit root tests. In this case, FWKSS and WKSS tests were applied to the
variables. The results of the test applied are given in Table 3.
The Fourier term was not found significant for gross external debt variables
in Slovenia and North Macedonia and GED/GDP variable in Albania, Romania,
Slovenia, and North Macedonia. GED/GDP variable in Croatia T-Test Statistic
̂ seems significant but the Fourier term was not found significant. So we cannot
t(k)
take into account the FWKSS test results for Croatia's GED/GDP variable.
According to the significant results of FWKSS test about gross external debt, the
variables in Albania, Bulgaria, Croatia, and Romania are stationary. So, the gross
external debts of these countries are sustainable. Depending on the results of FWKSS
test about GED/GDP variables, only in Bulgaria's GED/GDP is significant and
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stationary. Therefore, according to both variables (GED and GED/GDP), external
debt is sustainable in Bulgaria.
Table 3. Non-linear Unit Root Test Results
Variables

-2.338**

FWKSS TEST
FWKSS Critical Values
Aydın (2019, Table 2)
Time is 50 (T=50) Critical Values
%1
%5
%10
-2.53757
-1.88082
-1.58411

-3.492*

-2.53757

-1.88082

-1.58411

-3.141*

3

8

------

-

-2.433**

-2.46119

-1.85630

-1.56419

-2.055**

4

8

------

-

-2.224**

-2.68806

-2.00453

-1.67529

-3.094*

2

4

------

-

1.453

-3.05052

-2.29388

-1.92532

2.362

1

3

-0.199

0

0.615

-2.46119

-1.85630

-1.56419

1.302

4

8

1.208

0

1.067

-3.05052

-2.29388

-1.92532

1.134

1

8

-0.161

2

-2.796*

-2.53757

-1.88082

-1.58411

-1.927**

3

8

-------

-

-1.095

-2.46119

-1.85630

-1.56419

-3.053*

4

6

-0.913

2

-0.728

-3.05052

-2.29388

-1.92532

1.157

1

7

-2.924*

2

2.813

-3.05052

-2.29388

-1.92532

3.205

1

8

-0.463

4

-0.655

-2.53757

-1.88082

-1.58411

2.659

3

5

0.660

2

FWKSS
Test
Statistics
GED
Albania
(Case 1)
GED
Bulgaria
(Case 1)
GED
Croatia
(Case 1)
GED
Romania
(Case 1)
GED
Slovenia
(Case 1)
GED North
Macedonia
(Case 1)
GED/GDP
Albania
(Case 1)
GED/GDP
Bulgaria
(Case 1)
GED/GDP
Croatia
(Case 1)
GED/GDP
Romania
(Case 1)
GED/GDP
Slovenia
(Case 1)
GED/GDP
North
Macedonia
(Case 1)

WKSS TEST
WKSS
P
Test
Statistics

T-Test
Statistic
̂
𝐭(𝐤)

k

p

-2.486**

3

8

------

-

Notes: Critical Values for WKSS test is -2.43, -1.84 and -1.57 at the 1%, 5% and 10%
̂ is -2.58, significance level, respectively. Critical values for FWKSS test t-statistics t(k)
1.76, and -1.34 at the %1, % 5 and % 10 significance level, respectively. Case 1 is raw data.
k belongs to frequency and p belongs to lag length. *, ** and *** is significance level at the
%1, %5 and %10, respectively.
Source: Author’s calculations
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Due to the meaninglessness of the Fourier term, WKSS test was applied to
other variables. Depending on the results of WKSS test of GED/GDP variable, this
is stationary in Romania. Therefore, according to both variables (GED and
GED/GDP), external debt is sustainable in Romania. According to the results of
WKSS test about gross external debt variables in Slovenia and North Macedonia are
non-stationary. So, the gross external debts of these countries are unsustainable.
Concerning WKSS test results, the GED / GDP variables are non-stationary in
Albania, Croatia, Slovenia, and North Macedonia.
As a result, it is seen that external debt in Romania and Bulgaria is sustainable.
However, in North Macedonia and Slovenia, it is unsustainable. In terms of gross
external debt, external debt is sustainable in Albania and Croatia. However, an
unsustainable structure emerged in terms of the ratio of gross external debt to gross
domestic product.
Considering the studies that clearly show whether the external debt in selected
countries is sustainable or not, it is seen that some studies support our results in the
literature section. Our results support Jošić’s (2013) study for Croatia but the
opposite for Bulgaria. Depending on the results of GED/GDP variable of Croatia,
Gligorov (2004)'s study is also supported. Boengiu et al. (2011) and Emilia and
Emilian’s (2008) sustainability results for Romania also support the results of this
study. Cuestas et al. (2015) is another study that supports our study as a result of
unsustainable external debt for Slovenia.
The macroeconomic structure and debt status of the countries are important.
At this point, the debt status of the countries considered can be summarized as
follows. In other words, what are the reasons or situations that external debts are
sustainable in some countries while not in others?
The evolution of the external debt and its components showed a turning point
in 2013 and the foreign debt and its components started to decrease, a trend which
continued for the total foreign debt in 2014 and 2015 in Romania. This decreasing
trend occurred in 2015 for the short-term foreign debt and throughout 2013-2017,
for the medium and long-term foreign debt. The growth of private non-guaranteed
external debt slowed in 2009 and even reversed in subsequent years, owing to a lack
of liquidity, reduced economic activity, and creditors' risk aversion, all of which were
determined by the economic financial crisis and its consequences. As of 2009, the
decline in the share of private non-guaranteed external debt was beneficial to the
external debt's long-term sustainability. The National Bank of Romania's reserve
assets have been steadily increasing, demonstrating Romania's financial-banking
stability and credibility (Milea, 2018).
In terms of Bulgaria's external debt, the trend in recent years has been
downward. The country has enough buffers in case of a rise in economic risks or a
new crisis, thanks to low levels of public debt, a currency board structure, and foreign
exchange reserves for its maintenance (Nikolova, 2019).
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When the Great Recession struck Slovenia in late 2008, most Slovenian banks
became instantly illiquid. This was mostly due to their method of financing: rather
than using deposit channels, the banks used international borrowing to fund their
investments. As a result, between 2004 and 2008, Slovenia's net external debt
increased from –3.4 percent to 30.9 percent of GDP. Slovenian banks reduced the
amount of loans to domestic non-banking sectors as liabilities to foreign banks
became due and refinancing options became limited. Slovenian businesses were
severely harmed as a result of the country's de facto credit crunch. Liquidity strains
were only offset at the end of 2011 by the use of non-standard steps by the European
Central Bank, which included long-term funds with a three-year lifespan
(Guardiancich, 2016).
Macedonia's core macroeconomic fundamentals strengthened in the run-up to
the global financial crisis in 2008. Favorable external developments, as well as rising
domestic demand resulted in lower total external and government debt, accumulation
of foreign reserves, and a balanced fiscal policy. On the other hand, the consequences
of the global recession on the Macedonian economy were more severe at the end of
2008 and proceeded into the first half of 2009 with a significant negative impact on
foreign trade and capital inflows from abroad. Domestic absorption also declined
substantially in 2009 as a result of the fall in trade and financial borrowing
restrictions for domestic agents. In certain circumstances, government fiscal policy
provided substantial economic relief throughout the recession years, but it also raised
total external and public debt (Andonova and Stefanova, 2015).
Albania was shaken by two big shocks. On 26 November 2019, Albania was hit
by a severe earthquake that killed 51 people and caused serious physical damage. In
addition, the ongoing COVID-19 pandemic is seriously disrupting economic activity
amid tightening global financial conditions in anticipation of sharp drops in tourism,
foreign direct investment, remittances and temporarily restricted financing. Also,
Albania's debt profile has undergone various changes. Over the last decade, the amount
of external debt in gross public debt has risen from around 30% in 2008 to around 47%
at the end of 2019. The ratio of external debt to GDP remains high. Most of the external
debt continues to be held by multilateral creditors and bilateral development agencies.
However, the share of commercial debt is expected to increase. Most of the external
public debt is in euros, including intergovernmental loans and Eurobonds, and some
IMF loans in terms of special drawing rights (IMF, 2020).
Due to high private consumption and exports of goods and services, Croatia's
economy grew for the fourth year in a row in 2018 Wages are rising, unemployment
is decreasing, and inflation is staying low. In the coming years, growth is expected
to be moderate as the economy approaches its potential. While the current account
is expected to decrease but remain excessive, there is an expectation that external
debt will continue to decrease. Total external debt decreased in 2017, but at a slower
rate. Growing intercompany credit for direct investment, which was broad-based
across sectors, was largely responsible for the slowdown in external deleveraging.
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In 2017, the net international investment position (NIIP) fell to -62 percent of GDP,
a significant improvement over 2009, when the NIIP was around -90 percent of GDP.
The improvement was due to sustained current account surpluses, EU funds
absorption, and GDP growth. NIIP fell to -53 percent of GDP as of 2018: 3rd
Quarter. Therefore, the current pathway of NIIP does not imply risks for external
sustainability or the need for a significant adjustment (IMF, 2019).
Conclusions
In this study, external debt sustainability in the transition economies of
Southeast Europe, some of which are among the developing countries, is examined
with wavelet-based unit root tests. To choose the correct test methodology, the
variables were first tested in terms of linearity and it was found that all sustainability
indicators had a non-linear structure. Therefore, FWKSS and WKSS unit root tests
were applied to all these nonlinear variables. According to the results of the study,
the external debt in Romania and Bulgaria is sustainable. However, in North
Macedonia and Slovenia, it is unsustainable. In terms of gross external debt, external
debt was sustainable in Albania and Croatia. However, an unsustainable structure
emerged in terms of the ratio of gross external debt to gross domestic product.
For the gross external debt/GDP indicator to become fully sustainable,
countries need to achieve their growth by transferring their foreign debt to
investments. Therefore, the denominator part of this indicator will grow and
sustainability will be achieved. In other words, countries should follow growthoriented policies. For this, these transition economy countries should attract foreign
direct investment to their countries. In the context of growth-oriented policies, they
will have to carry out structural reforms that will ensure the production of capitalintensive goods containing advanced technology in their industries. In addition to
such growth-oriented policies, the implementation of realistic monetary, fiscal, and
exchange rate policies and the improvement of foreign trade structure can reduce
foreign trade deficits and limit the need for external debt.
In conclusion, in addition to the implementation of macroeconomic policies
aimed at ensuring economic growth for sustainability, countries should decisively
implement the principles of effective external debt management.
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