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ABSTRACT: This study investigates whether stochastic properties of the unemployment rate in ten 
Central and Eastern European Countries (CEE) countries: Bulgaria, the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia can be explained by the non-
accelerating inflation rate of unemployment or the hysteresis hypotheses. We primarily show the 
cross-sectional dependence in unemployment rates, and then apply panel-based unit root tests that take 
cross-section dependence into account. The empirical findings indicate that there is no mean-reverting 
process in unemployment rates for ten CEE countries. Thus the results provide evidences for validity 
of the hysteresis hypothesis—unemployment persistence—in related CEE countries. 
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1. Introduction 

Involuntary unemployment was not an economic problem in the planned economies of Central and 
Eastern Europe (henceforth CEE) countries. In the early 1990s, when the transition process started, it 
was commonly suggested that unemployment rates in CEE countries would spike in short term but 
they should rapidly return to the “natural” marginal levels. However, events showed that transition 
shocks would have permanent effects on the unemployment rates (Cuestas et al., 2011). 

Dynamics of unemployment are basically described by two theoretical views: the non-accelerating 
inflation rate of unemployment (NAIRU) hypothesis and the hysteresis hypothesis (Romer, 2011: 
ch.10). The first states that fluctuations in unemployment rates are “cyclical deviations” from the 
“natural-rate”, or the NAIRU. Phelps (1968) and Friedman (1968), who firstly proposed the NAIRU 
hypothesis, indicated that unemployment rates should follow a stationary process. However, against 
this proposition of the NAIRU—mainly due to the persistent characteristics of unemployment rates in 
1970s and early 1980s—Blanchard and Summers (1986), who firstly proposed the hysteresis 
hypothesis, defined unemployment rates as a unit root process. They suggested that shocks on 
unemployment rate would not have temporary effects, thus the cyclical fluctuations lead to long term 
persistence in labour markets. In short, according to the hysteresis hypothesis, “equilibrium rate of 
unemployment” shifts from one level to another by an exogenous shock. 

In fact, these two opposite views are widely tested by the “individual” unit root tests, such as that 
proposed by Dickey and Fuller (1979), Kwiatkowski et al. (1992), Zivot and Andrews (1992), Elliott 
et al. (1996), Perron (1989, 1997) and Ng and Perron (2001). These unit root tests are applied into 
developing countries or developed economies, particularly into the Organization for Economic Co-
operation and Development (OECD) countries. Following the seminal paper of Blanchard and 
Summers (1986); Brunello (1990), Mitchell (1993), Jaeger and Parkinson (1994), Roed (1996), Papell 
et al. (2000), Feve et al. (2003), Camarero and Tamarit (2004), Chang et al. (2005), Camarero et al. 
(2006), and Lee and Chang (2008) focused on developed or the OECD countries and they have 
reached mixed empirical results. However, mostly, they have obtained the evidences with validity of 
the hysteresis hypothesis. Some of these papers have used panel-based unit root (henceforth PUR) 
tests; while some of them have considered “individual” unit root tests. 

However, similar literature is that to test the hysteresis hypothesis or the NAIRU hypothesis within 
an empirical regularity for unemployment rates in transition economies is limited. For instance, Leon-
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Ledesma and McAdam (2004) used monthly data for 12 CEE countries, and 15 European Union (EU) 
countries from January 1991 to May 2001. Their analysis included individual unit root tests, PUR 
tests, and unit root tests allowing for structural breaks. As a result, they obtained the evidences against 
the hysteresis hypothesis. Camarero et al. (2005) used monthly data for eight CEE countries as well as 
Malta for the period from January 1991 to November 2003. For all countries, the hysteresis hypothesis 
was rejected by individual and structural breaks allowing unit root tests. Camarero et al. (2008) then 
employed “first generation” PUR tests and PUR tests allowing for structural breaks within the same 
sample in Camarero et al. (2005). They reached almost similar findings with Leon-Ledesma and 
McAdam (2004) and Camarero et al. (2005). In other words, accounting for exogenous shocks gave 
evidences to the validity of the natural-rate hypothesis. Cuestas and Ordonez (2011) used monthly data 
for eight CEE countries over the period January 1998-December 2007, and found that the 
unemployment rates in most countries are stationary process around a non-linear trend but there are 
common factors for five CEE countries. Their findings showed that CEE countries shared a common 
non-linear component which accounts for the observed co-movement within them. Cuestas et al. 
(2011) employed some recent unit root tests, accounting also for unit root tests allowing for structural 
breaks, within the same sample in Cuestas and Ordonez (2011). Their findings are similar with 
Cuestas and Ordonez (2011) but they indicated that significant degree of persistence in unemployment 
is appeared in CEE countries. 

As seen, the recent papers of Cuestas and Ordonez (2011) and Cuestas et al. (2011) refer common 
factors and significant degree of persistence in the unemployment rates in CEE countries. Indeed, 
there are several reasons to think that there is interdependence or common factors in CEE countries 
that may cause their unemployment rates persist over time. First, the recent empirical evidence 
supports the common factors and interdependence in unemployment rate in CEE countries (Cuestas et 
al., 2011). Second, simultaneous increase in unemployment rate during the period of the global 
recession both at the global level and across countries in CEE may produce empirical evidence in 
favor of strong cross-sectional dependence among CEE countries. Third, the issue can be a result of 
the local spillover effects among countries in the region (Banerjee et al., 2010). Fourth, cross-sectional 
dependence is the prominent feature of the panel data analysis. The interdependence among panel 
units can be confirmed by robust and efficient panel-based tests, and this refers common (global) 
shocks that heterogeneously impact across countries, such as those observed in the energy crises in 
1970s and the great global recession of 2008-09 (Bakas and Papapetrou, 2012). In this context, the 
results of the cross-sectional independence test of Pesaran (2004) suggest that panel unit root tests that 
do not take cross-sectional dependence into account would report statistically spurious results. 
Inherently, if the hysteresis hypothesis presents in the unemployment rates, the conclusion that is 
should be robust to the presence of cross-sectional dependence (Camarero et al., 2006).  

In this paper we aim to investigate whether the stochastic properties of the unemployment rate in 
Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and 
Slovenia can possibly be explained by the NAIRU hypothesis or the hysteresis hypothesis. This paper 
aims to contribute into the related literature in two ways: First, to the best of our knowledge, this paper 
is the first that to use “second generation” PUR tests that assuming cross-section dependence, in order 
to examine unemployment characteristics in the CEE countries. We suggest that the issue of cross-
sectional dependence may be also important, due to the literature recently concluded that there is a 
common component and a significant degree of persistence in the unemployment rate in CEE 
countries. Indeed, heterogeneous or homogenous PUR tests that assuming cross-sectional 
independence are widely applied in the literature. However, to the best of our knowledge, there is still 
no empirical result that obtained from the “heterogeneous second generation” PUR tests. Given that 
the individual unit root tests are also characterized with power problems, this paper mainly contributes 
into the related literature for applying “more powerful” second generation PUR tests to stochastic 
properties of the unemployment rate in CEE countries. Second, this study analyses the stochastic 
features of unemployment rates over the period from 1998 to early 2012, namely we focus on a period 
in which the main transition shocks had clearly disappeared, and CEE countries provided strong 
economic growth and institutional transformation. Furthermore, our sample and methodology allow 
analyzing whether economic growth trend and labour market conditions of CEE countries have been 
shifted by the great global recession of 2008-09 or not. 
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The remainder of this paper is organized as follows. In Section 2 we explain the data and the 
econometric methodology. Section 3 discusses the empirical results, and Section 4 presents our 
concluding remarks. 

 
2. Data and Econometric Methodology 
2.1. Data 

This paper focuses on the period from January 1998 to January 2012, and the frequency of data is 
monthly. We investigate the stochastic properties of unemployment rate in Bulgaria, the Czech 
Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia. We select 
this sample, mainly because “clear data” for a balanced panel are available over related period. 
Second, our data cover the period that CEE countries prepared for and gained membership of the EU 
by including their substantial structural reforms for labour markets. Third, some part of the related 
period was commonly characterized by “high-trend” economic growth in CEE countries (Cuestas et 
al., 2011). Fourth, this period included shocks—i.e. the Russian crisis in 1998 or the great global 
recession of 2008-09—that possibly affect on unemployment rates in CEE countries.  

We use the Labour Force Survey (LFS) based seasonally adjusted unemployment rates of the EU, 
and obtain the data from the database of the European Central Bank. We report summary of the 
descriptive statistics in Table 1 as follows: 

 
Table 1. Summary of Descriptive Statistics of the Unemployment Rates 

Statistics Bulgaria The Czech Republic Estonia Hungary Latvia 
Mean 12.04 8.26 10.38 7.67 9.02 

Median 11.5 8.6 10.4 7.3 8.6 
Maximum 19.2 10.9 18.8 11.3 17.3 
Minimum 5.8 5.0 3.9 5.6 4.8 

Standard Deviation 3.92 1.37 3.53 1.83 2.82 
Observation 169 169 169 169 169 

Statistics Lithuania Poland Romania Slovakia Slovenia 
Mean 12.01 14.4 7.41 13.58 6.45 

Median 12.9 13.7 7.1 13.2 6.5 
Maximum 18.4 20.7 13.2 19.8 8.7 
Minimum 4.2 8.8 3.7 7.4 4.2 

Standard Deviation 4.27 3.44 2.46 3.51 1.02 
Observation 169 169 169 169 169 

 
2.2. Econometric Methodology 

Individual unit root tests are subject to the intensive criticism, because of the low-power in small 
samples. Therefore, “first generation” PUR tests, such as that proposed by Harris and Tzavalis (1999), 
Breitung (2000), Hadri (2000), Choi (2001), Levin et al. (2002), Im et al. (2003) have begun to be 
employed in the literature. These PUR tests can be arranged in subgroups by considering cross-section 
dependence or independence, as well as heterogeneous or homogenous unit roots. However, the 
literature also suggests that we should reconsider the reliability and robustness of the results from 
“first generation” PUR tests. Homogenous PUR tests can report the bias findings, and relative low-
power of these tests can be strong. On the other hand, the effects of cross-sectional dependence on 
unemployment rates can be significant in related CEE countries. Therefore, we firstly perform a 
formal test of Pesaran (2004) for cross-section dependence. Our result shows the presence of cross-
section dependence, and therefore “first-generation” PUR tests that assuming cross-section 
independence should be replaced in favour of “second-generation” PUR tests (Gozgor, 2012). There 
are now a number of efficient “second-generation” PUR tests, such as that proposed by Bai and Ng 
(2002, 2004), Chang (2002, 2004), Choi (2005), Moon and Perron (2004), Phillips and Sul (2003), and 
Pesaran (2007) but given the relatively small sample and possible structural breaks in the covering 
period, the PUR test of Pesaran (2007) would be a good choice (Sarafidis et al., 2009). 
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Pesaran (2007) proposed the PUR test for balanced panel with N cross-section and T time series 
data. He firstly defined a heterogonous and linear model as follows: 

1(1 )it i i i it itY u Y u                                                                                                                     (1) 

In this model, itu is an error term, and it has common factor structure, and we can separately write 
it as follows: 

it i t itu f e                                                                                                                                   (2) 
In Equation (2), tf  is the unobserved common factor, i is the loading of corresponding factor, ite

is independent from the common factor, and it is an idiosyncratic error term independent across i . We 
can now rewrite a simple heterogonous and linear model as follows: 

0 1 1it i i it i t itY Y f e                                                                                                                      (3) 
In this model, 0 (1 )i i iu   and 1 ( 1)i i   . At this point, Pesaran (2007) suggested the Cross-

sectionally Augment (CADF) test equation as the cross-sectional averages of the first differences and 
the lagged levels of variable. Thus he accounted for the cross-sectional dependence in the common 
factor. Then, the CADF equation is simply given by as follows: 

1 1it i i it i t i t itY bY c Y d Y                                                                                                           (4) 

In the CADF equation, 1 11

N
t iti

Y Y 
 and

1

N
t iti

Y Y


   . it is the error term. Null hypothesis of 
the Pesaran’s PUR test is, 1i   for all i against and the heterogeneous alternative hypothesis is 1i   

for some i is given by the cross-sectional average of the iCADF . This is calculated as such that, 

1

1

N

i
i

CADF N CADF



                                                                                                                         (5) 

 
3. Empirical Results 

We now apply the CD test procedure into the unemployment rates in ten CEE countries and report 
the findings in Table 2. We also report the results of the MW of Maddala and Wu (1999) and the 
Cross-sectionally Augmented PUR (CIPS) tests of Pesaran (2007) in Table 3. 
 
Table 2. Results of the CD test of Pesaran (2004) for Unemployment Rates in ten CEE Countries 

The CD-stat in Pesaran (2004) 6.995 (0.000)  
Average absolute value of the off-diagonal elements 0.254 

Notes: The CD test of Pesaran (2004) is defined under the null hypothesis of cross-sectional independence in the 
unemployment rates in ten CEE countries. The p-value is in parenthesis. 
 

Table 3. Results of the Cross-sectional Dependence PUR tests 
Heterogeneous Unit Root  

Maddala and Wu (1999) MW Constant Constant and Trend 
ADF-Fisher Inverse Chi-squared 14.653 (0.795) 14.641 (0.796) 

ADF-Fisher Inverse Normal 0.737 (0.769) 2.041 (0.979) 
ADF-Fisher Inverse Logit 0.650 (0.741) 2.127 (0.981) 

ADF-Fisher Modified Inverse Chi-squared -0.845 (0.801) -0.847 (0.801) 
PP-Fisher Inverse Chi-squared 16.636 (0.676) 16.643 (0.676) 

PP-Fisher Inverse Normal -0.246 (0.402) 0.811 (0.791) 
PP-Fisher Inverse Logit -0.221 (0.413) 0.796 (0.785) 

PP-Fisher Modified Inverse Chi-squared -0.531 (0.702) -0.530 (0.702) 
Heterogeneous Unit Root  

Pesaran (2007) CIPS Constant Constant and Trend 
Zt-bar Statistic 1.249 (0.894) 0.479 (0.684) 

Notes: The MW and the CIPS tests are defined under the null hypothesis of non-stationary unemployment rates 
in ten CEE countries. The CIPS test assumes cross-section dependence in form of a single unobserved common 
factor. The optimal number of lag is chosen by the Akaike Information Criterion (AIC). Probabilities for Fisher 
tests are computed by using related distribution. The p-values are in parentheses.  
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As seen in Table 2, the CD test of Pesaran (2004) strongly rejects the null hypothesis of no cross-
sectional independence. Thus following results of the CD test of Pesaran (2004), we apply the cross-
sectional dependence PUR tests, such as that proposed by Maddala and Wu (1999) and Pesaran 
(2007). Maddala and Wu (1999) proposed an alternative approach to PUR tests by using Fisher’s 
results to derive tests that combine the p-values from individual unit root tests. In this paper we use 
bootstrap versions for the PUR test of Maddala and Wu (1999), due to the proposed methodology to 
way out the cross-sectional independence problem by using bootstrap methods. Although they do not 
fully eliminate the size distortions in the cross-sectional correlations, their bootstrap methods result in 
a decrease in them (Sarafidis et al., 2009). In short, the bootstrap versions of this first generation PUR 
test perform much better.  

As seen in Table 3, the PUR tests of Maddala and Wu (1999) and Pesaran (2007) cannot reject the 
null hypothesis of the unit root hypothesis is valid. The results from PUR tests suggest that there is no 
mean-reversion in unemployment rates in ten CEE countries. Thus empirical findings strongly provide 
significant support for the existence of the hysteresis hypothesis in unemployment rates in ten CEE 
countries. 

 
4. Concluding Remarks 

This paper investigates whether the stochastic properties of the unemployment rate in Bulgaria, the 
Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia can 
possibly be explained by the NAIRU hypothesis or the hysteresis hypothesis for the period from 
January 1998 to January 2012 within monthly data set. We primarily test that the cross-sectional 
dependence in unemployment rates in ten CEE countries by using the CD test of Pesaran (2004). We 
then apply PUR tests that can be arranged in groups by cross-section dependence, such that proposed 
by Maddala and Wu (1999) and Pesaran (2007). The results from these PUR tests suggest that there is 
no mean-reversion in unemployment rates in ten CEE countries. In other words, the empirical findings 
provide significant support for the existence of persistence in unemployment rates, and the hysteresis 
hypothesis is empirically valid in related CEE countries. We also suggest that the covering period in 
this paper was not only characterized by the high-trend economic growth in CEE countries, but also 
included a number of shocks—the Russian crisis in 1998 and the great global recession of 2008-09—
that possibly affected on unemployment rates in CEE countries. We find the persistent effects upon 
unemployment rates. 

The main policy implication may be deduced from this study is that monetary and fiscal policy 
frameworks would cause long-lasting impacts on the unemployment rates in CEE countries. 
Noteworthy implication of the empirical findings is that global or domestic shocks upon the labour 
markets in CEE countries would not have provisional effects. Therefore, the demand-stimulation 
policy frameworks can be effective in order to reduce the equilibrium rates of unemployment in the 
long-run. Furthermore, the main conclusion in this study is in the line with the recent findings of 
Cuestas et al. (2011).  

In addition, we suggest that the presence of persistence in unemployment rates for related CEE 
countries still deserves a further investigation, particularly using a longer-span data and some other 
recent cross-sectionally dependent PUR test methods. We would like to stand out that a better 
alternative may be that of relying on a nonlinear PUR test based on a smooth transition model, such as 
that proposed by Chang (2002, 2004) and Cerrato et al. (2011). 
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