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Abstract

Resear ch background: The question of changes in real interest rateemdifitials between the
Euro Area and the CEE countries in the last yesaraised because of two main reasons. The first
rationale is related to the growing importancexiéenal financial factors for the CEE economies
and their monetary autonomy. The second reasossiscated with the unprecedented shift in
monetary conditions in the EMU, brought about bgai&e interest rates policy and unconven-
tional policies, and the way it impacts the reéésdan the CEE economies.

Purpose of the article: This paper aims at exploring the relationship betwe=al interest rates in
the Euro Area and ten countries: Albania, Bulgatea, Czech Republic, Hungary, North Mace-
donia, Moldova, Poland, Romania, Turkey, and Uleaifhe analysis covers the years of 1999-
2018, including periods before and after the fin@rend economic crisis.

Methods: We employ Markov-switching regression to constrilnet ex-ante real interest rates
series in each country, using monthly data on sieomh interest rates and CPI inflation rates.
A battery of unit root and stationarity test, bethndard and panel ones, is applied to examine the
real interest rate parity, also allowing for a stusal break in the rate differentials.

Findings & Value added: We provide detailed evidence on the real inter@stsrdifferentials for
all of the CEE countries vis-a-vis the Euro Areae YWd that, while panel stationarity tests point
to the stability of real rate differentials, thexee significant dissimilarities across the coustrie
and the results of the univariate tests are ofterean At least half of the economies, however,
reveal similar patterns of stationarity in reaksatelationships. At the same time, we find differ-
entials for the Czech Republic, Hungary, and Pqlaodntries highly integrated into the EMU
economy, to be unstable over time.


https://doi.org/10.24136/eq.2019.031
https://crossmark.crossref.org/dialog/?doi=10.24136/eq.2019.031&domain=pdf

Equilibrium. Quarterly Journal of Economics and Economic Palicy, 14(4), 677—693

I ntroduction

Starting in the 1990s, a group of Central and EaskEuropean (CEE)
countries has undergone rapid transition concerttiag integration to the
European and global economies. The pace of thegration has nonethe-
less varied across the region, with important diifieation in terms of
levels of economic and financial development, maional trade ties, or
exchange-rate regimes of those countries. At theedame, the Economic
and Monetary Union (EMU) also experienced profowitinges, with
a prolonged downturn and historically low intereses. All of this poses
a series of questions regarding the financial ratégn of the CEE coun-
tries with the EMU. How tight are these bounds? dldkiey become
stronger? Are monetary conditions in the CEE céesmtbecoming more
dependent on those in the EMU? Many of those issizgsbe addressed by
assessing differentials of real interest rates éetweconomies.

The aim of this paper is to examine ex-ante ret@r@st rates differen-
tials for ten economies vis-a-vis the EMU over plegiod of 1999 to 2018.
We focus both on the EU member states that haveadapted the euro
(Bulgaria, the Czech Republic, Hungary, Poland, Raoia) and Eastern
European economies outside of the EU (Albania, INMacedonia, Mol-
dova, Turkey, Ukraine). Using monthly data on slerin interest rates
and CPI inflation, we perform an array of unit r@otd stationarity tests,
both single-equation and panel ones, allowing foeradogenous structural
break in the interest rate series.

The novelty of this paper lies mainly in the degdibnalysis of the real
interest rate differentials since the launch of EhWU. Unlike other studies,
we construct ex-ante real interest rates based megame-switching
regression model. We shed light on the problemsifuectural break in real
interest rates relationship, covering a relatiielyg time-span of twenty
years and a large group of economies.

We find that even though, as a group, the CEE ao@®may be char-
acterized by a stable real interest rate relatipnsith the EMU, there are
significant dissimilarities across the countriesr fthe majority of coun-
tries, the evidence points out to mean-revertinga®ur of differentials,
indicating similar patterns and strong connectiwith the EMU. The early
years of the sample (1999-2002) and the onseteoétlonomic crisis (ca.
2008-2009) mark a structural change in the reaka@st rate relationships
for most of the countries. Unexpectedly, we docunserme evidence of
non-stationarity of real interest rate differergidbr the Czech Republic,
Hungary, and Poland.
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The paper is organized as follows. The next secpoovides an
overview of the empirical literature on real int&reates differentials. Sub-
sequently, we discuss the methods and data ust istudy. Results are
presented and discussed in the next two partseopaper. The last section
concludes and suggests directions for further reea

Literaturereview

Differentials of inflation-adjusted interest ratbstween a given country
and a reference (numeraire) country are closebtadlto the idea of the
real interest rate parity. In its strong versidre teal rate parity postulates
that real interest rates tend to equalize acrossaguies over time (Bhatti
& Moosa, 1997). This hypothesis, however, requnaatively strong as-
sumptions: the Fisher condition, ex-ante purchapimger parity, and un-
covered interest parity must hold simultaneousty.al weaker form, the
parity implies long-run stationarity of real ratdifferentials (Oge Giiney &
Hasanov, 2014). Such a relationship provides ahstictindication of eco-
nomic and financial integration between countried & a crucial factor in
real exchange rate dynamics. Moreover, the existeot the parity
markedly limits the ability of monetary authoritiezBSmaller economies to
influence domestic economic conditions effectively.

The first wave of empirical tests on real intenede differentials, con-
ducted in the 1980s and early 1990s, deals witlrzchd economies, most-
ly evaluating a country’s real interest rates agfathe US. Even though
some of the studies confirmed this relationshiprfy14985), very often, as
in Meese and Rogoff (1986), the short-run realreégteparity conditions are
statistically rejected. The instability of thisagbnship is explained by the
relative importance of financial market disturbag)dbe existence of trans-
action costs, or real shocks, for instance, chamggsroductivity. Such
results, however, may be partly attributed to yaghort time-series of in-
terest rates (e.g., Chinn and Frankel (1995) inyatst the real rates in just
over ten years), which may not allow capturing mearerting properties
of the real rates differentials.

Recent studies on the real interest rate paritye hgenerally yielded
mixed results, partly due to the diversity of asaly samples and econo-
metric methods. In an important paper, Ferreiralagih-Ledesma (2007)
investigate a group of five developed economies farelemerging mar-
kets. Although they can prove that some of thesteshfirm interest rate
parity for most of the countries, competing tedterolead to different con-
clusions. Arghyrotet al. (2009), who study this parity in the EU before the
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crisis, generally support the notion of real ing¢naite convergence in the
majority of the countries. Interestingly, the authdo not confirm this hy-

pothesis for Poland, Hungary, the UK, Spain, ande@e. Studying the G7
countries, Chang and Su (2015) find evidence dfrega parity among the

economies from 1977 until 2005, although they dceninvarious breaks

and potential non-linearity in those relationships.

Research focusing specifically on the CEE economé® so far pro-
duced even more ambiguous outcomes. Cuestas amddraf2010) per-
form a set of univariate unit root tests for threenth interest rates differ-
ential from 1994 to 2007. They conclude that tred neterest parity holds
for all of the then-new EU member-states, exceporits, Latvia, and Po-
land. Similarly, Sonora and Tica (2014) find thatta 2009, real rates dif-
ferentials among the CEE countries revealed stioagularities, but sta-
tionarity is generally more pronounced once stmattubreaks are
introduced. The authors also show that short-tenerest rates and adap-
tive (model-based) expectations tend to producengar evidence in
favour of the real interest rate parity.

In a study going marginally beyond the crisis pgriBaharumshalet
al. (2013) employ panel tests with breaks to 13 CE@ntries (including
some that adopted the euro later on). The authamsluede that the real
interest rates generally reverse to the parity dlier period 1996-2011,
both against the EMU and the UShese results, however, are only partly
confirmed by Albulescuet al. (2016) who highlight the sensitivity of real
interest rates stationarity to the choice of beratkmates, as well as the
shortcomings of panel unit root tests.

In a study also related to the present analysigs, Ggney and Hasanov
(2014) focus on post-Soviet economies and docurthenstability of real
interest rate differentials between Germany andoatmall of those coun-
tries, including Ukraine and Moldova, also examiriacthis paper. The
authors then conclude that stationary of rate wifféals imply the growing
integration of ex-soviet republics with the glokabnomy.

Resear ch methodology
The initial part of the empirical study requiresccdating inflation-adjusted

interest rates. The expected rate of inflatiofi, comes from a Markov-
chain auto-regression (MSAR) of the order of faeg Kim, 1994):

! Chang (2014) also investigates real interest riatése CEE countries against the US
and finds that until 2011 their differentials atat®nary for most of the cases.
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T = Qg5 + Npmq ApTy—p + €T, 1)

wherem, is the actual rate of inflation, and parametgk is allowed to
differ across two states. Transition probabilittéshe Markovian process
are assumed to be constant. Parameters on autssegr coefficients are
common for both states, anfl is white noise.

The expected inflation rate is approximated by teecal values from
the estimated MSAR models¢ = 7i;. Hence, ex-ante real interest rates
are determined according to the Fisher equatiorsuigracting the short-
term nominal interest rate from the expected iidtatate:

T =1 —mf. (2)

Once the calculations are performed for all coestrive obtain real in-
terest rate differentials as a restricted relatigmsby taking a simple dif-
ference between real ex-ante interest rate in €& country £) and the
corresponding rate in the EM@H).

The main task is to assess the progression ofitfeeeshtials over time.
If the differentials prove to be weakly (covariaps&ationary, we can claim
that the real interest rate parity holds. Due tistchent costs or informa-
tional friction, it may not be constant at evenggde point in time, but such
transitory shocks dissipate, and the differengakrts to its long-run level.
Any deviation from this property negates such actusion. However, the
interpretation of disparity will vary, depending arhatever the differen-
tials may be described as a random walk or a teggibnary process.

The basic test equation that we use resemblesutpmented Dickey-
Fuller (ADF) test with a constant and deterministend, in the form (see
Ferreira & Ledn-Ledesma, 2007):

A(rti - TtE) =a+ft+ V(rti—l - TtE—1) + X5e1 654 (rti—s - TtE—s) + &, (3)

whereA is difference operatot, denotes timeg, 8, y andd, are parame-
ters to be estimated, whilkg is assumed to be white noise. If we cannot
reject the null hypothesis of = 0, the differential is regarded as non-
stationary, and the relationship between the istenae in a given country
and the EMU may be claimed to be unstable over.time

2 Another intuitive approach is to test for a cceirating relationship, such as in
Camarercet al. (2009). However, given the ambiguity regarding léaeel of integration of
variables reported in the latter parts of the paped a plausible interpretation of real rates
differentials, the paper focuses solely on interats differentials.
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In order to get a more detailed picture of the rads convergence, we
proceed in three steps. In the first step, we perfa set of standard uni-
variate tests for each pair: CEE country—-EMU. Etleough they may be
biased due to the presence of structural breakee-edncern which is ad-
dressed below — the results of these tests seraa msportant benchmark
for the evaluation of the interest rate differelsti&Ve employ the ADF unit
root test, as well as its modification by Phillgusd Perron (PP), with the t-
test statistic correction for autocorrelation aetehoscedasticity. In a usual
manner, recognizing the low power of those tesescamplement this part
of the analysis by utilizing the KPSS test in whtble covariance station-
arity is the null hypothesis. All three tests aomducted in specifications
with a constant and a constant and linear trend;otarol for potential
trend-stationarity.

Second, following Perron's (1989) influential wowke employ the unit
root test with an endogenous, unknown breakpoint. &k specifically
interested in dealing with the situation when staddests point to the ex-
istence of a unit root when there is, in fact, aalirin the deterministic
trend of a time-series. Taking into consideratibifts in policy regimes
and the transformation of economic and financiairemments, both in the
CEE countries and in the EMU, as well as the econoetession followed
by the Eurozone crisis, it seems justified to ekgkat real interest rate
differentials undergo structural breaks.

The test that we use in the third step is basewvanks by Zivot and
Andrews (1992), in a version built in EViews 10n& there are multiple
specifications of these tests, we calculate siegistor equations with
a structural break in intercept, and with the duieistic trend and inter-
cept, allowing for a break in both. Regarding et of structural change,
we allow for an innovation outlier, when a seriasrementally diverges
from its previous behaviour, and an additive outlieplying a sudden
shift in a series Breakpoint selection is based on the minimizatbhe
Dickey-Fuller t-statistics.

In the third step, we employ a panel stationamst wvith an unknown
break proposed by Hadri and Rao (2008). The cortitru of this test is
based on the Lagrange multiplier and aimed at ialieng the bias in stand-
ard stationarity test (i.e., KPSS) to reject thdl hypothesis and point to
non-stationarity. A major advantage of this metlsdeims from multiple
specifications of breaks in the levels and deteisticmtrends of tested time-
series. Models estimated to obtain individual (¢outevel) statistics are

% Due to the similarity between the results, only fhrmer specification is reported in
the paper, and the latter is available upon request
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corrected for serial correlation of residuals, whihe panel test accounts
for the cross-sectional dependence among inteagst differentials. Fol-
lowing Ranjbaret al. (2015), a break-type model for each series itade
using BIC, with the maximum number of lags set 4 s in a standard
ADF test regression. Critical values in the pamst tare calculated using
bootstrap techniqués

The study covers a group of ten economies mentiaiza/e. The
monthly data cover the period of 1999:01-2018:08 @me from the In-
ternational Financial Statistics database by thE.IWhe percentage change
of the consumer prices index over the correspondiongth the previous
year is used as a measure of the inflation ratefodles on short-term rates,
mainly because the computation of inflation expgmts for such rates
seems to be more reliable. Nominal interest rates#her money market
rates or deposit rates, depending on their avéitlabr each country in the
entire timespan of analysis

Results

This section presents the results of the empidoalysis. We start by esti-
mating the parameters of MSAR models (see Tabl&dr.the EMU and
all the countries except Romania, the estimatedetsoshow two distinct
constants, one significantly higher than the othedjcating regimes of
high and low average rates of inflation. They gsmt out to high persis-
tence in inflation rates, with AR(1) parametersenfabove one. Regime
switches in transition economies are generally nforguent than in the
Euro Area, as suggested by their expected duratiith,repeated shifts to
a higher inflation regime in the earlier part oé theriod under study. Based
on the regression results, we calculate expectied & inflation and ex-
ante real rates, to finally obtain the rate diffgéigls. The outcome of these
calculations is displayed in Figure 1. Inspectidrihe graphs reveals vast
disparities in absolute values of rate differestiacross countries (e.g.,
Poland and Ukraine), with some of the extreme \algeing over 50
points. It also suggests that some of the countsiesh as the Czech Re-
public and Romania after 2010, experience longoplerof stability in those

4 The Gauss routines used to compute the Hadri audt&st have been prepared and
made available by Ranjbatral. (2015).

5 A similar approach in selecting the interest re¢gies is followed by Cuestas and
Harrison (2010). We use money market rates for &idg Czechia, Poland, Romania, and
Ukraine.
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series. Others, such as Bulgaria or Hungary, exp#giods of continuous
growth or decline of differentials.

Turning first to standard univariate unit root sgstve find evidence
against the presence of unit roots in the diffeagsifor as many as seven
of the countries, all but Czechia, Hungary, andaRol (Table 2). When
compared to the outcomes of the KPSS tests, thesdts are somewhat
less conclusive. The null hypothesis of statiogastrejected for at most
five of the countries The notable exceptions are Moldova, North Macedo-
nia, Romania, Turkey, and Ukraine. For these ecaemnall three tests
lead to a solid conclusion of differentials bei(@)l

Tests for the Czech Republic, Hungary, and Polandhe other hand,
imply the opposite outcome. As both ADF and PPcteflee unit root for
the first differences of series, there is substhrvidence of real interest
rate differentials following an I(1) process. Clogespection of the interest
rate differentials for those countries exposesf#oe that they experienced
a decline in differentials from the early 2000s2@08, with sharp shifts
around 2008-2009. The results for two remaininghenues, Albania and
Bulgaria, are less clear-cut, as they exhibit incatibility of results from
two unit root tests and the KPSS test.

Taking this into consideration, we proceed to thi oot tests with an
endogenously determined break, introduced as awvation outlier (Table
3). The breakpoint test supports the results thatget from the standard
tests in four cases: Moldova, Romania, Turkey, BRdaine, all of them
with high absolute values of t-statistics. Those also the countries for
which breaks, both in intercept and trend, aredadetefor dates early in the
analysed period. For example, in the case of Ukrdime break occurs in
the very beginning of the sample (1999m10), théeddhtial is quite large
and volatile, but stays close to its average value.

Based on the second set of tests, Albania and Balgay be added to
the group of countries with stable rate differdstiddowever, some evi-
dence of trend-stationarity is present for bottihgfm. On the other hand,
the initial conclusion for North Macedonia mustregised. The test statis-
tics for this country are not statistically sigondnt at conventional levels,
and we cannot reject the existence of unit roath aibreak either in 2004
(intercept) or 2008 (trend and intercept). Agadist istatistics in the remain-
ing three cases (Czechia, Hungary, Poland) doajettrthe null hypothe-
sis, confirming the outcome of standard tdsten though the p-value

5 As expected, when we test the series in their diiffferences, the KPSS test indicates
stationarity.
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calculated for Poland equals 0.058 for the testioguo with intercept, it
jumps to 0.256 when the deterministic trend isoidtrced.

Eventually, we compute panel stationarity testsHagri and Rao, to-
gether with individual testing model specificatiomish a breakpoint (Table
4). There are just two cases in which the testxatel non-stationarity of
real rate differentials: Albania (only at 10% sfigdance level) and Poland,
in line with the standard KPSS test results. Inodifler cases, we fail to
reject the null hypothesis of rate differentialsnigestationary. Moreover,
the estimated breakpoint dates are mostly consistgh the ones identi-
fied before. For Bulgaria, Moldova, Romania, Turkeyd Ukraine, this
corroborates the outcomes of the unit root testis abreak. On the contra-
ry, with respect to Czechia, Hungary, and North &thmia, this goes
against the previous conclusions.

The Hadri and Rao panel test statistics are |loheen the empirical crit-
ical values, both when we allow for serial corn@lator not. This shows
that, taken as a whole, there is no evidence ofstationarity of rates dif-
ferentials. We then split the panel into two submgkes based on a coun-
try’s membership in the EU. Still, at any convengtibsignificance levels,
the tests do not reject the null of stationarity.

Discussion

First of all, it must be noted that the propertidgeal rates differentials
proved to be comparatively heterogeneous acros€Hte countries. Re-
sults from the panel tests, exposing potentialgrgj cross-section depend-
ence, seem to bend towards stationarity. Basedysmhethose, one would
claim that the real interest rate relationshipsstable over time. However,
the results of the country-level tests point outht® rejection of this claim
for some of the countries. They also suggest thal interest differential
series are prone to structural breaks. The breatgpare mainly located in
the early years of the sample (1999-2003) when ntdtly economies still
experienced the disinflation processes. In somiéhefcases (Bulgaria, the
Czech Republic, North Macedonia, Poland), breaksioaround the finan-
cial and economic crisis.

Nevertheless, the results from three groups o§ test reasonably con-
sistent for five of the countries. Interest ratéfedentials calculated for
Bulgaria, Moldova, Romania, Turkey, and Ukraine atkefound to be
mean-reverting, and the identification of breakpmitioes not change this
conclusion. The evidence in favour of unstableedéhtials is stronger but
often not univocal for Albania, the Czech Repubticingary, North Mac-
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edonia, and Poland, where the tested time-sergggagti non-stationarity in
some of the tests.

Our results are, to some extent, comparable t@tbbtained by Sonora
and Tica (2014) and Albulesat al. (2016). Similarly, we find that real
interest rate differentials exhibit significant talsilities, and although in
general the interest rate parity holds for the CBtntries, there are excep-
tions to this rule. On the contrary, our findingsedge from those formu-
lated by Baharumshadi al. (2013), who find much stronger evidence on
the stationarity of real interest rate differerttial

Hence, the most unexpected results of the study doom the observa-
tion that the Czech Republic, Hungary, and Polasglay non-stationary
rate differentials against the EMU, unlike the doies like Bulgaria,
Ukraine, or Turkey. It may indicate that three GahEuropean countries,
ones that joined the EU in 2004, have the higresl$ of GDP per capita,
and robust trade and investment ties with Germsimyw a lower degree of
financial and economic integration with the EMU riheconomies outside
of the EU. It may also suggest, as often implied.(e€Cuestas & Harrison,
2010), that there is room for monetary authorifieghose countries to
impact real variables effectively, but costs of mkamy integration and
adoption of the euro would be considerable. Thisclission, however,
must be treated with adequate caution.

Even though all of the CEE countries may be desdrils transition
economies, their pace of economic and financialeliggment has been
distinct since the 1990s. The Czech Republic, Hyngand Poland were
first to successfully finalize disinflation process and placed themselves
on a relatively fast track to the European intdgratWith some excep-
tions, they have maintained floating exchange-ragginst the euro, and
their central banks adopted inflation targetingimezs. Consequently, it
may be the case that risk premia on domestic isiteates in those econo-
mies are time-varying, notably diminishing in soperiods, especially in
the first years of the sample, but with significaotatility driven by vari-
ous macroeconomic factors (see Engel, 2016). Trhtsyn, may shed some
light on the instability of the real rate differeals observed in this study.

What is more, monetary conditions in the EMU sigaintly changed
after 2009, and particularly after 2012, when ti@BBurned to unconven-
tional monetary policies, lowering interest ratasthie EMU to unprece-
dented levels. The natural interest rates have salbstantially declined in
the Eurozone since the onset of the crisis, adthng relative change in
monetary conditions in the EMU vis-a-vis the CERimimies. Therefore,

" According to Holstoret al. (2017), the short-term equilibrium interest ratetis Euro
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our results must be correlated with evidence frafferégnt sources, such as
business cycle synchronization or similarity of negconomic shocks in
the Central European countries and the EMU core @eck & Janus,

2016), to assess the potential effectiveness @lesimonetary policy in

these countries.

Finally, granting we cannot support the statiogahnigpothesis for some
of the countries included in the sample, we alsoalodetect any systemat-
ic divergence of real interest rate differentialsany of the cases. There is
no evidence that differentials display an upwaetdrin any of the econo-
mies after 2009, which proves that their integratigth the EMU economy
iS not in reverse.

Conclusions

This aim of this paper was to examine the stabiifyreal interest rate
differentials between ten CEE economies and the EMih 1999 to 2018.
We employed a battery of unit root and stationaréists to ex-ante real
interest rates obtained through the Markov-SwitghfR, using monthly
data on short-term interest rates and CPI inflatidme study controls for
a structural break in tested time-series, allowimgpotential shifts in the
long-run relationship between interest rates.

We find that the real interest rate relationshipshe CEE economies
and the EMU are not straightforward. When takea aghole, countries in
the sample exhibit stable real interest rate afiéals, indicating signifi-
cant financial and economic ties to the EMU. Thislihg also has substan-
tial implications for real exchange rate determoratAt the same time, the
individual results are less clear-cut, pointingdimsyncratic sources of the
real interest rate disparity, e.g. domestic reakckh. We find differentials
for the Czech Republic, Hungary, and Poland, coemthighly integrated
into the EMU economy, to be unstable over time.

It is worth noting that measuring ex-ante realresge rates differentials
relies on a set of assumptions outlined in the papel poses thought-
provoking questions, many of them going beyondst@pe of this study.
The research in this area may then be enhancedgiigidy taking into
consideration the changes in currency risk premiirthe UIP condition
and focusing more closely on determinants that 8msge changes.

Area in 2016 was slightly negative, compared t@®it 2007 and 2.5% in 1990.
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Annex

Table 1. Estimation results of Markov-switching regressions for inflation rates

Country Constant Auto-regressive coefficients Expected duration

Regimel Regime2 AR(1) AR(2) AR(3) AR(4) Regimel Regime?2

EMU 1.937 1.304 1082 003 -0194 0030 78858 19.525
(0.333) (0.381) (0.086) (0.126) (0.112) (0.073)

Albania 3.632 2.100 1234 -0330 -0150 0.146 3.258 12.611
(0.364) (0.349) (0.081) (0.140) (0.158) (0.089)

Bulgaria 4.149 6.571 1335 -0.333 -0.075 0033 32768 8.443
(1.195) (1.223) (0.079) (0.145) (0.137) (0.072)

Czechia 1.745 2934 1133 -0.075 0.002 -0.115 27.842 19.454
(0.455) (0.454) (0.080) (0.121) (0.117) (0.075)

Hungary 5.397 3.744 1303 -0.308 0.059 -0.073 11.756 98.443
(1.4712) (1.455) (0.071) (0.116) (0.114) (0.069)

N 5.504 1.689 0842 0189 -0.006 -0.130 11.460 67.914

Macedonia  (0544)  (0.477)  (0.066) (0.088) (0.083) (0.065)

Moldova 8.267 14206 1540 -0515 -0033 -0018 117.866 5.248
(2928)  (3010)  (0.065) (0.114) (0.112) (0.065)

Poland 2.764 2134 1593 -0.749 0206 -0.066 4.500 18.300
(1.296)  (1.292)  (0.097) (0.192) (0.189) (0.093)

Romania 2.656 0646 1365 -0241 -0.203 0070 19028 26549
(6.883)  (6.884)  (0.067) (0.119) (0.103) (0.054)

Turkey 12911 18940 1439 -0.196 -0.303 0048 76666 2978
(7521)  (7.541)  (0.078) (0.147) (0.131) (0.067)

Ukraine 17452 12609 1901 -1.263 0493 -0.160 3.828 46.397

(3147) (3104)  (0.076) (0.139) (0.163) (0.096)

Notes: model specification as in Equation (1); standard errors in brackets; expected duration
in months.

Table 2. Standard univariate unit root and stationarity tests for real interest rate
differentias

Country - ADF - - PP - - KPSS -

int t+int int t+int int t+int

Albania -4.075 -4.290 -4.023 -4.232 0.850%** 0.130*
(0.001) (0.004) (0.002) (0.005)

Bulgaria -3.298 -4.582 -3.346 -4.663 0.971*** 0.083
(0.016) (0.001) (0.014) (0.001)

Czechia -2.094 -2.619 -2.214 -2.731 0.500** 0.098
(0.247) (0.272) (0.202) (0.225)

Hungary -2.254 -2.245 -2.695 -2.703 0.233 0.164**
(0.188) (0.462) (0.076) (0.236)

N. -2.881 -3.119 -3.659 -3.559 0.240 0.070

Macedonia ~ (0.049) (0.104) (0.005) (0.036)

Moldova -3.000 -3.045 -2.994 -3.069 0.234 0.115

(0.036) (0.122) (0.037) (0.116)




Table 2. Continued

Country - ADF - - PP - - KPSS -

int t+int int t+int int t+int

Poland -1.927 -2.145 -2.106 -2.401 0.823*** 0.315%**
(0.320) (0.517) (0.243) (0.378)

Romania -4.966 -4.979 -8.661 -8.511 0.303 0.032
(0.000) (0.000) (0.000) (0.000)

Turkey -6.482 -8.244 -5.449 -5.435 0.074 0.067
(0.000) (0.000) (0.000) (0.000)

Ukraine -4.513 -4.502 -4.917 -4.907 0.103 0.103
(0.000) (0.002) (0.000) (0.000)

Notes: ADF denotes the Augmented Dickey-Fulleratistics; PP is the Phillips-Perron test
statistic;, KPSS is the Kwiatkowski-Phillips-Schmifghin LM statistic; int — test with

exogenous constant; t + int — test with exogenoustant and linear trend; for ADF and PP,
p-values in brackets; for KPSS, *** ** and * inghite significance at the 1, 5, and 10
percent levels, respectively.

Table 3. Unit root test with an endogenously determinedcstmal break for real
interest rate differentials

Country I nter cept Trend + inter cept
t-stat p-value Break date  t-stat p-value Break date

Albania -5.344 <0.01 2013m08 -5.103 0.061 2013m09
Bulgaria -5.021 <0.01 2008mO07 -5.204 0.047 2003m11
Czechia -3.831 0.222 2008m02 -3.932 0.568 2008m10
Hungary -3.390 0.448 2001m06 -3.482 0.821 2003m02
N. Macedonia  -3.659 0.302 2004m09 -4.578 0.203 2008

Moldova -5.926 <0.01 1991m11 -6.420 <0.01 2002m02
Poland -4.386 0.058 2001m10 -4.457 0.256 2001m11
Romania -13.642 <0.01 2000m09 -12.033 <0.01 2000m10
Turkey -9.220 <0.01 2000m10 -10.489 <0.01 2001m04
Ukraine -5.376 <0.01 1999m10 -5.908 <0.01 1999m10

Notes: tests include an innovation outlier breakfydor the test with the trend and intercept
we allow for a structural break in both.

Table 4. Hadri and Rao tests for panel stationarity of ne@rest rate differentials

Individual test statistics

Country ;‘: sics  10% 5% 1% Mode Break date
Albania 0.093 0.088 0.108 0157 T+ int 2002m04
Bulgaria 0.064 0.099 0.123 0.183 t+ int 2001m02
Czechia 0.028 0.053 0.062 0.083 t+ int 2009m01
Hungary 0.034 0.095 0.118 0171 t+ int 2001m08
N. Macedonia  0.041 0.107 0.133 0.201 int 2009m01
Moldova 0.053 0.090 0111 0.162 t+int 2002M02
Poland 0.083 0.054 0.064 0.086 t+ int 2010m03
Romania 0.090 0.118 0.145 0.210 t+int 1999m09
Turkey 0.094 0.105 0.129 0.188 t+int 2000m08
Ukraine 0.054 0112 0.140 0.203 t + int 1999m12




Table 4. Continued

Panel: no serial correlation

All 0.045 0.792 0.915 1.192 - -
EU-5 0.039 0.874 1.048 1.443 - -
Non-EU-5 0.050 0.875 1.048 1.431 - -
Panel: serial correlation allowed

All 0.063 0.218 0.280 0.439 - -
EU-5 0.060 0.129 0.160 0.238 - -
Non-EU-5 0.067 0.360 0.483 0.805 - -

Notes: individual statistics calculated with a ewotion for serial correlation; 10%, 5%, and
1% indicate critical values at respective significa levels; int — break in a constant; t + int
— break in a constant and linear trend; empiridatridution of panel test statistic with
bootstrap using 20000 replications based on Rawsflar (2015).

Figure 1. Real interest rates differentials between the C&lintries and the EMU
(1999m05-2018m09; percentage points)
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Figure 2. Continued
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