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ABSTRACT

Relevance. Inflation inertia refers to the persistence of inflation over time and
can be caused by a variety of factors, including expectations about future infla-
tion, the structure of the economy, and the behavior of economic agents. Over the
past two decades, the European economy has grappled with a range of challenges
and currently seeks to mitigate the negative impacts of the global pandemic.
Research objective. Persistent inflation can lead to uncertainty, decreased in-
vestment, and a loss of confidence in an economy. Non-eurozone economies can
also face challenges in controlling inflation due to such factors as the lack of
monetary integration with the eurozone, limited access to the European Central
Bank’s resources, and the lack of a unified currency. Hence, for a more effective
monetary policy in these countries, it is necessary to measure and understand
the inflation inertia. This paper offers a novel empirical study of the dynamics of
inflation inertia for seven EU economies that are not part of the eurozone.

Data and methods. To achieve the research objective, three non-linear unit root
tests are employed to consider both structural changes and regime switching.
These tests allowed for the inclusion of almost all non-linear dynamics observed
in the inflation series. In addition, the tests involve the use of the dynamic rolling
windows sample approach in order to provide more sensitive measurements of
the effect of time-varying shocks on inflation inertia.

Results. According to the static sample analysis of 200 observations, Bulgaria,
Croatia, and the Czech Republic have inflation inertia. Sweden, Romania, Hun-
gary, and Poland do not have inflation inertia when non-linear regime switching
dynamics and structural change are considered. However, Croatia and the Czech
Republic show a mostly non-stationary inflation in dynamic rolling windows
sampling. Hungary has persistent inflation even though it was not detected in
the static sample analysis. The shocks of inflation fade out in Bulgaria, Poland,
Romania, and Sweden with non-linear dynamics. If non-linear dynamics is ig-
nored, it can lead to misleading results in economic time series.

Conclusions. Inflation inertia can be influenced by a variety of factors, including
the global pandemic, global or regional conflicts and monetary policy prefer-
ences. The successful management of inflation inertia in Romania and Sweden
may serve as a model for other economies that have demonstrated an ability to
effectively address and mitigate the challenges posed by inflation inertia.
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AHHOTAIIUA

AxryanpHOCTb. VHepuys MHQIALMM OTHOCUTCS K HMOCTOSHCTBY MHQIALMY
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Ilens nccnegoannd. IlocroaHHas MHPIALNNA MOXeT NIPUBECTH K Heolpefe- JUIS HUTUPOBAHUSA
TICHHOCTH, YMEHDbIICHIIO UHBECTUIINIL I yTPaTe JOBEPUA K SKOHOMMKE. IKO- (3, can "M, (2023). Asymmetric
HOMIIKY, He BXOJSILIVeE B 30HY €BPO, TAK)Ke MOTYT CTOIKHYTbCS € IpobieMamu
B KOHTpO/Ie MHQIALMY M3-3a TaKNX (PaKTOPOB, KaK OTCYTCTBME MOHETAPHON  in'Some Selected Non-Eurozone
MHTeTpaluy C 30HOJ eBpO, OTPaHMYEHHBIN JOCTYI K pecypcaM EBpormerickoro European Countries. R-economy,
LIeHTpa/IbHOro 0aHKa M OTCYTCTBME efMHON BamoThl. [loaTOMy M3MepeHue u 9(1), 73-91. doi: 10.15826/
TIOHMMAaHNe MHEPUMU MHQAINM ABIAETCS MapaMeTpUYecKoil HeOOXOMUMO- 1o on 2023.9.1.005

CTBIO JI/Is1 MX BAJIIOTHBIX BAAacTeil. OTa paboTa mpepmaraeT HOBBII SMIMpHde-

CKMII YICCTIeflOBaHNe, YTOOBI TIOHATD AMHAMUKY VMHEPIMY UHQIALUN /I CeMU

9KOHOMMK B EBponerickoM coro3e, KOTOpble He ABJIAI0TCA 4aCThI0 30HBI €BPO.

JanHble M MeTOABI. UTOOBI JOCTUYD MCCIENOBATENbCKON LIe/M, MCIIONb3YIOTCA

TPY HeTMHENHbIX TeCTa Ha eIUHYI0 OCh, YTOOBI YUNTHIBATD KaK CTPYKTYPHbIE U3-

MEeHEeH, TaK 1 MepeK/IIoueHe PeKMMOB. DT TeCThI O3BOJIAIOT BKIOYATb MOY-

TV BCe He/IVHEITHbIe IMHAMVKY, Hab/oaeMble B cepusix nHsinyu. Kpome Toro,

TeCTbI UCHONB3YI0TCS ¢ TofxoaoM Rolling Windows Sample, 4To6b! mpegocTaBUTh

60/1ee YYBCTBUTE/IbHbIE VI3MEPEHIsI BpeMEHHbIX LIIOKOB Ha MHEPINI0 MHQISALMN.

Pesynbrarel. bonrapus, Xopsarus u Yexus uMe0T MHP/ALVOHHYO MHEPLVIO

COITIACHO CTaTUYeCKOM BbI60pKe n3 200 Habmomenuit. IIBenus, Pymbinns,

Benrpus u Ilonbina He MMeOT MHQSILVOHHON MHEPLVIN, KOTAA YUUTBIBAIOTCA

HeJIMHelHas IMHaMMKa CMEHbI PeXKMMOB U CTPYKTYpPHbIe u3MeHeHnsA. OgHaKo

XopBarusi u Yexusi MOKa3bIBalOT B OCHOBHOM HECTAIVIOHAPHYIO MHQIAINIO B

AMHAMIYECKOl1 BBIOOpKe CKOMb3SIIMX OKOH. BeHTpist ToKasbIBaeT yCTOMYMBYIO

MHQIALVIO, XOTS OHA He OOHAPY>XKMBAETCs B aHA/IM3€e CTATNYECKOI BBIOOPKIL.

Ioxu nudnanum 3aryxator B bonrapum, [onbue, Pympinun u IlIBenun ¢ He-

JIMHENHON OVIHAMUKOM. VITHOpupoBaHue HeMMHEeHO! JMHAMUKNA MOXKeT IIpK-

BeCTH K OLIMOOYHBIM pe3y/IbTaTaM B 9KOHOMIYIECKVX BPEMEHHBIX psfiax.

Boisogsr. Hannune vHepriiuy MHOIALMN MOXET OBITh ITOABEPXKEHO BIMSHUIIO

PasIMYHBIX (aKTOPOB, BKIHYAs IOOAIbHYIO IIaHAEMUIO, ITT00aIbHbIE U pe-

TMOHaJ/IbHble KOH(IMKTBI U TPEANIOYTEeHNSI MOHETAPHOI ITONNTUKY. YCIIENTHOe

ylpasieHyue yuHepiyeil nHmAuuyu B PymbiHun u IIBennu MoxeT ClIy>XUTb

MOJIeTIbIO /IS APYTMX 9KOHOMMK, KOTOpbIe IPOABM/IN CIOCOOHOCTD 9 PeKTUBHO

aJipecoBaThb M CMATYaTh BBI3OBLI, BbI3BaHHBIE MHepLVel MHQIALINN.
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Introduction

Inflation is one of the most important finan-
cial indicators used to evaluate the financial per-
formance of a country. Like many other indicators,
inflation is measured through time series data,
reflecting the change in the general level of pric-
es. These time series data have all the economet-
ric properties that can be interpreted in economic
terms. Econometrically, the stationarity of inflation
series can be related to the concept of inflation per-
sistence also known as inflation inertia in financial
theory. From this perspective, inflation inertia can
be defined as the inflation series reverting to the
long-term equilibrium and/or targeted inflation
level quite late. Therefore, the inflation series being
non-stationary is the most significant proof of in-
flation inertia in a related country?.

Inflation inertia is a phenomenon that re-
quires a careful analysis before any macroeco-
nomic policy-making decisions are taken or any
measures for coping with inflation or for any oth-
er purposes are implemented. High inflation is a
major impediment to economic growth (Mallick
& Sousa, 2012). Moreover, inflation inertia will
also increase the cost of monetary and public fi-
nance policies aimed at combating inflation be-
cause it will negatively affect inflation expecta-
tions in the long term (Gaglianone et al., 2018).

As Pratap et al. (2021) argue, there are two ba-
sic approaches to inflation inertia modeling. The
first approach models the inflation with its own
lagged values, ignoring the effects of the other
financial indicators. This approach is called re-
duced-form persistence. By including the rational
expectations hypothesis into financial analysis,
inflation inertia starts to be modeled together
with the other factors that will affect expectations.
The second approach is known as structural in-
ertia. I am going to use unit root tests to empir-
ically analyze inflation intertia. As it is known
that unit root tests depend on time series models
where variables are modeled with their own lag,

2 Roache, M. S. K. (2014). Inflation persistence in Bra-
zil-a cross country comparison. International Monetary Fund.
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the approach in this study could be described as
reduced-form approach according to the classifi-
cation of Pratap et al. (2021).

There are many studies that investigate in-
flation intertia by applying unit root tests (e.g.,
Novaes 1993; Gottschalk 2003; Ozcan et al. 2004;
Roache 2014; Oliveira and Petrassi 2014). In their
studies, Gottschalk (2003) and Oliveira and Pe-
trassi (2014) highlight non-linear dynamics and
use non-linear unit root tests. Both of these studies
use unit root tests developed within the framework
of non-linear dynamics, which is called ‘structur-
al break. Gottschalk (2003) chose the dates of the
six stabilization attempts made in Brazil in 1986-
1994 as structural break dates. For the case of Bra-
zil, break dates were determined exogenously, as
Perron (1989) suggested. However, Zivot and An-
drews (1992) replaced this approach in non-linear
root tests by methods that estimate the break date
endogenously. The study by Oliveira and Petrassi
(2014) is a good example of the empirical applica-
tions where the break is determined endogenously.
In the study by Kim and Perron (2009), unit root
tests were applied for 23 industrialized and 17 de-
veloping economies and inflation inertias were es-
timated both for the countries and break dates.

This study aims to analyze the phenomenon
of inflation inertia and its asymmetrical dynamics
for seven non-eurozone European economies that
have been able to adopt independent monetary
policies (Bulgaria, Croatia, Czechia, Hungary,
Poland, Romania and Sweden) by applying three
unit root tests. Thus, I will be able to show how
successful are the anti-inflation policies in these
countries that were developed and implemented
without the assistance of the European Central
Bank. To achieve this aim, this study introduces
a new empirical design. I am going to start with
the linear Dickey and Fuller (1981) test. Then, I
am going to conduct the Leybourne et al. (1998)
test using smooth transition functions for mod-
eling structural breaks. Finally, I will conduct the
Ozcan and Yurdakul (2022) test, which considers
structural breaks and regime switching dynamics.
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Another feature that makes this study differ-
ent from the previous research is the application of
the three aforementioned unit root tests with the
rolling window sample method. The rolling win-
dow sample method was used for unit root tests
in Gaglianone et al. (2018) and in Morales-Arias
and Moura (2013). The rolling windows approach
provides an opportunity to analyze the inflation
dynamics of the seven non-Eurozone European
countries periodically. Moreover, since structural
breaks and regime switching will be considered
for each period, a more precise measurement of
inflation inertia will be possible. The rolling win-
dow method will be particularly useful for the
analysis of narrow sample data, including the last
two years characterized by the pressure of the
COVID-19 pandemic.

The study comprises the following section
that provides an overview of the research litera-
ture and offers a more detail explanation of the
phenomenon of persistent inflation. The third
section describes the methodology; the fourth
section deals with the empirical findings. In the
last part, the findings will be interpreted, and the
study will be finalized by pointing out various
policy implications.

Theoretical framework

Inflation inertia refers to the tendency for in-
flation to persist over time, meaning that it tends
to remain stable or continue to increase or de-
crease rather than fluctuate randomly. Theoretical
frameworks for understanding inflation inertia
typically focus on how inflation is influenced by
various economic factors and how these factors
interact with each other. Inflation is an important
macroeconomic indicator because it affects the
cost of living and overall standards of living in a
country (Kiseleva, 2018).

One of the key theoretical frameworks for un-
derstanding inflation inertia is the concept of the
“Phillips curve,” which was developed by econo-
mist A.W. Phillips in the 1950s. The Phillips curve
is a graphical representation of the inverse rela-
tionship between unemployment and inflation.
According to this model, when unemployment
is low, there is typically more demand for goods
and services, leading to upward pressure on pric-
es (inflation). Conversely, when unemployment is
high, there is less demand for goods and services,
leading to downward pressure on prices (defla-
tion). The Phillips curve has been influential in
shaping monetary policy in many countries, with
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central banks often using interest rate adjust-
ments to try to maintain low unemployment and
stable inflation. However, the Phillips curve has
also been subject to criticism and revision over
the years, as it does not always accurately predict
the relationship between unemployment and in-
flation (Cogley & Sbordone, 2008; Stock & Wat-
son, 2008).

Another important theoretical framework is
based on the concept of monetary policy expec-
tations. This refers to the influence that expec-
tations about future monetary policy decisions
can have on current inflation rates. For instance,
if people expect that the central bank will raise
interest rates in the future to combat rising infla-
tion, this may lead to a decrease in demand for
goods and services in the present, which could
help to curb inflation. On the other hand, if peo-
ple expect that the central bank will keep interest
rates low to stimulate economic growth, this may
lead to increased demand for goods and services
and potentially higher inflation. Monetary poli-
cy expectations can be influenced by a variety of
factors, including changes in the central bank’s
official interest rate targets, statements made by
central bank officials, and changes in the broader
economic environment (Ball & Croushore, 1995;
Giirkaynak et al., 2007).

The concept of inflation expectations is an-
other important discussion topic that helps us
understand inflation inertia. It points to the de-
gree to which people expect inflation to contin-
ue into the future. Inflation expectations can be
influenced by a variety of factors, including past
inflation rates, the state of the economy, and the
actions of the central bank. If people expect that
inflation will continue to rise in the future, this
may lead to increased demand for goods and ser-
vices in the present, which could put upward pres-
sure on prices and contribute to higher inflation.
On the other hand, if people expect that inflation
will remain stable or decline in the future, this
may lead to decreased demand for goods and ser-
vices in the present, which could put downward
pressure on prices and help curb inflation (Carl-
son & Parkin, 1975; Coibion et al., 2020).

The cost-push inflation hypothesis is a signif-
icant conceptual framework for comprehending
the persistence of inflation. This concept is under-
pinned by the idea that rising costs for businesses
can lead to higher prices for goods and services,
which can contribute to inflation. Cost-push in-
flation can be caused by a variety of factors, in-
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cluding rising raw material costs, labor costs, and
energy costs. If businesses are faced with rising
costs and are unable to pass these costs on to con-
sumers in the form of higher prices, they may
be forced to cut back on production or go out of
business. This can lead to a decrease in the sup-
ply of goods and services, which can put upward
pressure on prices and contribute to inflation.
Moreover, it should be emphasized that almost all
countries have been negatively affected by such
inflation, especially after the COVID-19 pandem-
ic (Abeles & Panigo, 2015; Dmitrieva & Ushakov,
2011; Seelig, 1974).

Understanding the role of cost-push inflation,
monetary policy and, inflation expectations in
shaping inflation inertia is important for central
banks and policymakers, as they can try to in-
fluence these expectations through their actions
and communication strategies. However, policy-
makers should periodically, consistently, and ac-
curately identify the stickiness of inflation before
considering all of these inflation theories (Kuro-
zumi, 2016; Pfajfar & Santoro, 2010).

In the following sections of this paper, I am
going to describe the empirical tools that can be
used for this purpose. I am also going to bring to
light the time path of inflation stickiness for se-
lected countries.

Method and Data

Until the publication of Perrons path-break-
ing paper in 1989, Dickey-Fuller type unit root
tests were estimated with linear autoregressive
models in terms of parameters. In Perron’s study
(1989), structural breaks observed in time series
were included in autoregressive models with the
help of binary variables, which gave rise to a new
wave of research literature using unit root tests.
Despite the important contribution made by Ziv-
ot and Andrews (1992) , who proposed a new es-
timation algorithm that predicts the break date
endogenously, in the following years, the nonlin-
ear autoregressive models still had a serious defi-
ciency. Since structural breaks were modeled with
binary variables in early studies, structural chang-
es in the form of a sudden jump or decrease in
financial variables could be modeled. For this rea-
son, structural changes were called breaks. How-
ever, in practice, due to various economic realities
such as sticky prices, agreements and contracts
between financial agents, the structural change in
some financial variables does not occur suddenly,
but happens gradually over time.

R-ECONOMY 4

Leybourne Newbold and Vougas (1998)
(hereafter I would refer to their approach as the
LNV approach), who analyzed this situation in
detail and modeled the structural change with a
logistic function, opened a new page in the non-
linear unit root test literature. The LNV approach
consists of two steps. With the time series exam-
ined in the first step, the parameters of the follow-
ing models are estimated:

Model A:yy = 81 + 8,S:(y,T) + v (1)
Model B:y, = 8; + @1t + 8,S:(y,T) + v, 2)
Model C: Ve = 61 + (plt + SZSt(Y, T) + (pztst(y, T) + Ut (3)

The v I(0) in this model is an error term and
S(y,7) is a logistics function expressed as in the
following:

S,(v,1) = (1 + exp{-y[t - TT]})™ (4)

In equation (4), the parameter y represents
the speed of transition and must be greater than
zero. The parameter 7 is the parameter that indi-
cates the mid-point of transition, and T indicates
the number of observations. Since Equation (4)
is a nonlinear function, Equation (1), (2) and (3)
must be estimated by using the nonlinear least
square (NLS) method. Although Leybourne et
al. (1998) suggested the Broyden, Fletcher, Gold-
farb and Shanno (BFGS) algorithm while doing
this, later Vougas (2006) proved that the sequen-
tial quadratic programming (SQP) optimization
method gave better results. In the second step
of the LNV approach, the residues (0;) obtained
from the models for which parameter estimates
were made in the first step are subjected to the
Dickey and Fuller (1981) test:

Ay = ply_y + T, 8:AD,_; + @ (5)

Here, ¢, is an error term that provides stan-
dard assumptions and k is the optimal lag num-
ber. The statistic ¢ calculated for p is the unit root
test recommended by the LNV approach. The
unit root test statistics named for each of equa-
tions (1), (2), and (3) as s,, Sy and s, respective-
ly, and the hypotheses tested by the LNV process
can be represented as follows:

Ho:ye = Wy Me = He-1 + & ©)
H,: Stationary y, with (1), (2), (3)
Horye =Wy Mg =K+ 1 +& (7)

H;: Stationary y, with (2), (3)

The two-step method in accordance with the
LNV approach has formed an important founda-
tion for nonlinear unit root tests. Following this
method, Sollis (2004) replaced the Dickey and
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Fuller test in the second step with Enders and
Granger (1998). Thus, the first nonlinear unit
root test that takes into account both structural
change and regime switching was revealed. In Sol-
lis (2004), instead of equation (5), the following
threshold autoregressive (TAR) model suggested
by Enders and Granger (1998) was estimated.

Mg = Ieprve_y + (1 = I)pave—y + 2isy EAve_; + @ (8)

Here, @, is the error term that provides the
standard assumptions, and I, is an indicator func-
tion that takes the value 1 when v,_, > 0, and 0
when v,_, < 0. For equation (8), the unit root null
hypothesis was established as H: p1 = p2 = 0 and
an F statistic was proposed to test this hypothesis.

The test described in Ozcan and Yurdakul
(2022) will be used in this study in combination
with the LNV approach with Caner and Hansen
(2001) unit root testing. Caner and Hansen’s
threshold unit root test is a more complex but more
advanced unit root test than EG threshold unit root
test, from which Sollis (2004) utilized. The TAR
model of Caner and Hansen estimated in the sec-
ond step of the updated LNV approach in the study
by Ozcan and Yurdakul (2022) is as follows:

Ave =T (prve—q + Xiey d1:0v,;) 9)
+(1 =T (p2vr—1 + Thoq P2ibve—;) + w¢

In Equation (9), I, is another indicator func-
tionequals 1 when Av. < 7,andOwhenAv, >1.
7 is the estimated threshold value, d is the delay
parameter, and k is the appropriate lag number
as in other autoregressive models. Here, the unit
root null hypothesis is the same as in Enders and
Granger (1998) and itis H: p1 = p2 = 0. However,
in Ozcan and Yurdakul (2022) there is more than
one alternative hypothesis shown as follows:

Hip:p; # 0and/or p, # 0 (10)
H201p1<0andp2<0 (11)
Hyq:py < O0andp, =0 (12)
Hy,:p; =0andp, <0 (13)

Of the hypotheses above, (10) is the alterna-
tive hypothesis of unrestricted stationary. (10),
(11) and (12) are restricted stationary alternative
hypotheses. In order to test the hypothesis repre-
sented by Equation (10) against the null hypoth-
esis, the Wald statistics proposed by Caner and
Hansen are calculated as follows:

Ror =t +t5 (14)

The Wald statistic for other alternative hy-
potheses is:

R-ECONOMY 4

Rit = t§1g, <o) + 5 1p,<0) (15)

The values indicated by ¢ in Equation (14) and
(15) are the standard ¢ statistics calculated for the
relevant p estimations. Similar to the LNV ap-
proach, test statistics are named according to the
model in which residues are estimated. For ex-
ample, test statistics are expressed as “R;; ve “R,;
if the residues are obtained from Model A (Egua—
tion 1), if from Model B (Equation 2), as “PR,;

“PR, .., if from Model C (Equation 3), as “*R,,
ve “R,,. There are two important points to con-
sider in test statistics and alternative hypothe-
ses. The first of these is that if the p values are
estimated negatively, the values of the R and R
statistics will be equal to each other. The second
important point is the meaning of the alternative
hypotheses Equation (12) and (13). These two
alternative hypotheses mean partial stationari-
ty. Null hypothesis here cannot be interpreted as
pointing to the fact that the series is stationary;
this concept is quite new to the unit root tests lit-
erature. In this study, alternative hypotheses di-
rectly expressed by Equation (10) and (11) will
be considered. Caner and Hansen and Ozcan and
Yurdakul studies can be consulted for the details
that need to be focused in applied studies and for
extensive information about the simulation stud-
ies of test statistics.

Inflation data for the 7 analyzed countries are
obtained from the annual rate of change of the
monthly Harmonized Index of Consumer Prices
(HICP) series. All data are taken from the Eurostat
database and consist of observed values for the pe-
riod between January 2002 and December 2021.

Results

Static Sample Analysis

First, a broad period of 200 observations from
May 2005 to December 2021 for 7 non-Eurozone
countries is considered. Smooth transition mod-
els for each country’s inflation series are estimat-
ed in Equations (1), (2) and (3) and the estimated
values are presented in Table 1. In addition, esti-
mated smooth transition graphs for each country
are presented in the Appendix to show how well
each model captures the structural change in the
inflation series of countries. According to these
findings, inflation in Bulgaria and the Czech Re-
public might have been affected by the 2008 glob-
al financial crisis, while price increases in Croatia,
Hungary, Romania, Poland, and Sweden seem to
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have been affected by the European debt crisis,
which started at the end of 2009 and reached its
peak in 2013. In addition, according to the results
in Table 1, Model B for Croatia and Model A for
Poland and Sweden were used to estimate the
structural change on prices caused by the global
pandemic for 2021. Another important parame-

ter of the smooth transition models is the speed
of transition, y. The models with the highest esti-
mate of this parameter are Model A for the Czech
Republic and Model A for Hungary. Accordingly,
the Czech Republic experienced sharp decreases
in inflation between 2007 and 2008 and Hungary,
between 2012 and 2013.

Table 1
Estimated Parameters of Smooth Transition
Model A
Bulgaria Croatia Czech Republic | Hungary Poland Romania Sweden
o) 8.643 3.004 3.398 5.047 1.923 6.656 1.416
6, -7.358 -2.297 -1.571 -2.877 9.974 -4.440 5.947
y 0.800 1.030 17.499 7.719 0.118 0.969 0.368
T 0.233 0.502 0.221 0.464 1.000 0.383 0.999
MidPoint | 03/2009 | 0872013 12/2008 01/2013 12/2021 09/2011 12/2021
Model B
Bulgaria Croatia | Czech Republic | Hungary Poland Romania Sweden
6, 8.564 3.786 3.075 4.193 0.448 8.843 1.393
6, -7.724 5.907 -3.056 -18.742 -15.548 6.450 -3.278
¢, 0.004 -0.021 0.015 0.101 0.102 -0.065 0.021
y 0.751 0.368 2.785 0.044 0.055 0.310 0.106
T 0.234 0.973 0.223 0.421 0.456 0.753 0.375
MidPoint | 9312009 | 07/2021 01/2009 04/2012 11/2012 11/2017 07/2011
Model C
Bulgaria Croatia | Czech Republic | Hungary Poland Romania Sweden
é, 5.137 3.506 0.265 5.090 1.150 8.938 0.527
6, -3.833 -6.563 0.055 -12.778 -13.960 -3.732 -2.077
¢, 0.166 -0.010 0.146 -0.001 0.054 -0.066 0.071
0, -0.166 0.035 -0.134 0.066 0.037 0.057 -0.052
y 0.634 0.614 1.211 0.268 0.083 0.417 0.080
T 0.224 0.514 0.218 0.495 0.493 0.742 0.293
MidPoint | 012009 | 11/2013 12/2008 07/2013 05/2013 08/2017 03/2010

Source: estimated by the author by using Eurostat Database https://ec.europa.eu/eurostat/databrowser/bookmark/bbdad358-

3238-4c11-8e72-eel2fac49e452lang=en (Accessed: 15.10.2022)
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Table 2
Empirical Application of Unit Root Tests to Inflation Series

T, Sa Sap) Sap aR1 T aRz T “ R1 T “® Rz T QBR1 T aﬂRz T
Bulgaria -2.009 | -2.540 | -2.560 | -2.466 | 20.313 | 20.313 | 19.862 | 19.862 | 17.442 | 17.442
Croatia -2.011 | -2.384 | -3.210 | -2.932 | 26.556 | 26.556 | 29.737 | 29.737 | 39.329 | 39.329
Czech Republic -2.822 | -2.274 | -2.544 | -2.324 | 23543 | 23.543 | 24.784 | 24.784 | 20.218 | 20.218
Hungary -1.734 | -2.263 | -3514 | -3.736 | 10.591 | 10.591 | 37.491* | 37.491* | 38.608* | 38.608*
Poland -0.290 | -2.090 | -3.381 | -3.416 | 10.739 | 10.739 | 26.820* | 26.820* | 33.119* | 33.119*
Romania -1.903 | -2.588 | -2.861 | -3.183 | 23.797* | 23.879* | 32.189* | 32.189* | 37.702* | 37.702*
Sweden -1.664 | -2.987 | -3.152 | -3.147 | 24.249* | 24.249* | 26.501 | 26.538 | 26.011 | 26.011
The superscript * indicates rejection of unit root null hypothesis for significance at 5% according to critical values for T = 200.

Source: estimated by the author by using Eurostat Database https://ec.europa.eu/eurostat/databrowser/bookmark/bbdad358-

3238-4c11-8e72-eel2fac49e452lang=en (Accessed: 15.10.2022)

The results of Dickey and Fuller (1981) (1),
LNV (S, Sapp Se) and Ozcan and Yurdakul
(“Ryp a(ﬁ?Rn' aﬁRlT’ Ry a(B)RZT' aﬁRZT) unit root
tests applied for each country on the static sample
of 200 observations are given in Table 2. Accord-
ing to the calculated test statistics, the unit root
null hypothesis could not be rejected for the infla-
tion series of Bulgaria, Croatia and the Czech Re-
public. For Hungary, Poland, Romania, and Swe-
den, Ozcan and Yurdakul test statistics may reject
the unit root null hypothesis for the inflation
series. Based on these results, for the three coun-
tries where the unit root null hypothesis could
not be rejected, the impact of shocks on inflation
becomes permanent instead of diminishing over
time. Therefore, there is inflation inertia in Bul-
garia, Croatia and the Czech Republic for the stat-
ic sample of 200 observations. Furthermore, it can
be concluded that there is no inflation inertia for
the other four countries if the non-linear regime
switching dynamics is taken into account along
with the structural change.

Rolling Window Sample Analysis

The rolling window sample approach is the
application of the relevant econometric analyzes
to the data sets obtained by keeping the number
of observations constant and shifting the sam-
ple start and end dates one step further. In this
study, the number of observations T was fixed
at 100 and the time interval of the first sample
was selected as January 2002 - April 2010. This
sampling interval was shifted forward month by
month and the last sampling interval, 2013 Sep-
tember — 2021 December, was reached. This sam-
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ple range was shifted forward month by month
to reach the last sample range, 2013 September —
2021 December. Thus, a total of 140 samples was
obtained and the three unit root tests mentioned
in the previous section were applied to each of
them. Since the sample size T did not change at
all, it was possible to benefit from the 5% signif-
icance level critical value for T = 100 of all unit
root tests. In the appendix, Figures 1 to 7 show-
case the time path graphs of the unit root sta-
tistics calculated for the inflation series of seven
countries. The red line in the graphs denotes the
5% significance level - the critical value for the
unit root test. If a value in the graphs is below
the red line for the Dickey and Fuller (1981) and
LNV unit root tests or above it in the Ozcan and
Yurdakul test, this means that the unit root null
hypothesis could be rejected.

When the findings obtained within the
framework of the rolling window approach are
evaluated, special attention should be given to
the difference in the results presented by the
linear Dickey and Fuller (1981) and non-lin-
ear LNV and Ozcan and Yurdakul tests. Here,
it is clearly seen how misleading results can be
obtained when non-linear dynamics in an eco-
nomic time series are not taken into account.
However, the results obtained in the static sam-
ple approach and the results obtained in the
rolling window approach agree with each other.
The rolling windows sampling method indicates
that the inflation series is not stationary most
of the time for Croatia and the Czech Republic.
In addition, although the inflation inertia could
not be detected in the static sample of T=200
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observations, the results obtained through the
rolling window approach for Hungary point to
persistent inflation. When the non-linear dy-
namics (structural change and regime switch-
ing) are considered, we can see that the shocks
of the inflation series fade out in Bulgaria, Po-
land, Romania and Sweden.

Discussion and Conclusion

In the last two decades, European economies
have had to deal with three major crises. The first
of these is the global financial crisis originating
in the Unites States of America in 2008 and the
second one is the European debt crisis of 2011-
2014. It can be seen from the Figure 8 and Fig-
ure 10 in Appendix that Bulgaria and the Czech
Republic achieved success in reducing inflation
through their independent monetary policies.
They managed to tackle the problem of high in-
flation, which was one of the outcomes of the
crisis of 2008. If the same structural change es-
timations are taken into account, it can be seen
that Croatia and Hungary followed inflation-re-
ducing policies against the European debt crisis
that peaked in 2013 and they were successful
with these policies. Poland, Romania and Swe-
den managed to reduce inflation until 2016, but
they had inflation with an increasing trend in
the following years. The third major crisis faced
by Europe is the global pandemic, which began
at the end of 2019. Its effects started to be felt
after 2020. The impact of the pandemic on infla-
tion was captured by smooth transition models
only for Croatia (Model B) and Sweden (Model
A). However, if we examine the movements in
the inflation series of the Czech Republic, Hun-
gary, and Poland as well as the predicted smooth
transition trends, it can be seen that the increase
in inflation caused by the pandemic is included
in the upward trend observed after the structur-
al change in the relevant countries. Among the
seven economies, only the increase in inflation
experienced by Romania during the pandemic
did not fit in the smooth transition models.

These findings cannot be interpreted in-
dependently from the three major crises men-
tioned above for the seven non-eurozone coun-
tries. In static sample analysis, inflation inertia
was detected in Bulgaria, Croatia and the Czech
Republic, while Ozcan and Yurdakul nonlin-
ear unit root tests in the other four countries
showed that there was no inflation inertia.
When the results obtained through the rolling
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windows sample approach are first examined for
Bulgaria, it is seen how different are the findings
calculated through linear unit root testing and
non-linear unit root testing. Considering the
Ozcan and Yurdakul test outputs, it can be said
that inflation inertia was overcome after the 2008
crisis, but this success could not be sustained af-
ter the European debt crisis. Having overcome
the inflation inertia again in 2017, the Bulgar-
ian economy had a stationary inflation for just
one year during the pandemic but entered 2022
with inflation inertia. When evaluated within
the framework of the Ozcan and Yurdakul test,
which considers both structural and asymmet-
rical dynamics, Croatia’s results for the period
before the debt crisis were similar to those ob-
tained for Bulgaria. Croatia also was struggling
with the consequences of the 2008 crisis but
failed to eliminate the inertia effect, which in-
fluenced inflation after the debt crisis in the long
term (with the exception of a few short periods).

For the Czech Republic, the situation is much
more alarming. In the rolling windows analysis,
the results of all the three unit root tests showed
that Czech Republic could not fight inflation in-
ertia effectively, except for very short periods
of time.

Although inflation was found stationary in
the static sample analysis for Hungary, it appears
to have stationary inflation in very few periods
in the 140 months investigated in the rolling
window sample analysis.

Within the framework of the nonlinear
unit root tests, the most successful economies
in struggling with inflation inertia are Poland,
Romania and Sweden. Although Poland has
managed to eliminate the negative effects of the
global financial crisis and debt crisis on inflation
since 2017, it has not been able to overcome the
inflation inertia created by the economic crisis,
which showed its effect during the pandem-
ic. Another important empirical finding is that
Sweden has consistently managed to prevent the
inflation inertia that could have resulted from
the global pandemic.

In sum, inflation inertia results from the mon-
etary policy preferences of the central banks. It is
important to emphasize that the seven non-euro-
zone countries selected for this study will be able
to shape their monetary policies independent-
ly from the European Central Bank. One of the
main objectives of this study was to understand
how effective the independent monetary policies
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implemented by these countries were for fight-
ing inflation. The empirical findings for Romania
and Sweden have shown that it is possible to fight
inflation by taking the necessary policy actions.
Their experience can inspire policy-makers in
other non-eurozone economies with strong ties
to Europe (Sanchez, 2011).

Another important issue concerning inertia is
the global pandemic experienced in the last three
years. The pandemic has put a serious pressure on
prices, especially on food prices, by making it dif-
ficult for supply chains to function properly and to
supply raw materials. Considering all these, it is es-
sential that Bulgaria, Croatia and the Czech Repub-
lic should evaluate their monetary policy options
in a healthy way and plan a transparent recovery
process based on inflation targeting. Meanwhile,
the lessons of the global financial crisis and the Eu-
ropean debt crisis experienced in the past should
also be benefited from, taking into account the in-
dividual characteristics of each country.

This study offers a new empirical perspec-
tive. A warning, however, should be made that
the use of panel data methods should be avoid-

ed when examining non-eurozone economies
with independent monetary policies. Moreover,
future studies should examine each country in-
dividually and present a detailed assessment of
its monetary policy preferences. Furthermore,
future studies should examine the succession of
anti-inflation policies of the countries such as
Russia and Turkey, which have strong economic
ties with Europe but are not EU members. Fi-
nally, the experience of the pandemic has un-
doubtedly presented new economic challenges
to the world. Inflation inertia is one of them and
the struggle with it will determine the solidity of
the foundations of the economy in the post-pan-
demic world.

Data availability statement

The dataset sample file and R Programming
Language code generated during and/or analyzed
during the current study are available from the
following anonymous repository: https://anony-
mous.4open.science/r/Inflation Inertia Non-Eu-
rozone-9DOE
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Appendix

Figure 1. Rolling Window Unit Root Test Statistics of Bulgaria and Stationary Periods

Source: calculated and created by the author.

Figure 2. Rolling Window Unit Root Test Statistics of Croatia and Stationary Periods

Source: calculated and created by the author.
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Figure 3. Rolling Window Unit Root Test Statistics of Czechia and Stationary Periods

Source: calculated and created by the author.

Figure 4. Rolling Window Unit Root Test Statistics of Hungary and Stationary Periods

Source: calculated and created by the author.
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Figure 5. Rolling Window Unit Root Test Statistics of Poland and Stationary Periods

Source: calculated and created by the author.

Figure 6. Rolling Window Unit Root Test Statistics of Romania and Stationary Periods
Source: calculated and created by the author.
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Figure 7. Rolling Window Unit Root Test Statistics of Sweden and Stationary Periods

Source: calculated and created by the author.

Figure 8. Inflation of Bulgaria and Fitted Smooth Transitions
Source: calculated and created by the author.
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Figure 9. Inflation of Croatia and Fitted Smooth Transitions
Source: calculated and created by the author.

Figure 10. Inflation of Czechia and Fitted Smooth Transitions
Source: calculated and created by the author.
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Figure 11. Inflation of Hungary and Fitted Smooth Transitions
Source: calculated and created by the author.

Figure 12. Inflation of Poland and Fitted Smooth Transitions
Source: calculated and created by the author.
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Figure 13. Inflation of Romania and Fitted Smooth Transitions
Source: calculated and created by the author.

Figure 14. Inflation of Sweden and Fitted Smooth Transitions
Source: calculated and created by the author.
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