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Our paper tests for hysteresis of unemployment rate for 17 Eurozone countries over the period 2000:1-2013:1
through the use of new nonlinear panel unit root tests by adopting the SPSM method, proposed by Chortareas
and Kapetanios (2009) and a nonlinear panel unit root test developed by Ucar and Omay (2009). The results
show that the unemployment rates for 17 Eurozone countries are not stationary and conform to the hysteresis
hypothesis for both panel unit root tests of Ucar and Omay (2009) and sequential panel selection method (SPSM)
method without Fourier. We reported the results of the Panel KSS test with a Fourier function and found that the
unemployment rates in 11 countries are stationary and this result is in accord with natural rate hypothesis. On the
other hand, unemployment rates in six countries, namely Netherlands, Slovakia, Slovenia, Italy, Portugal, and
Cyprus- show hysteresis effect.
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I. Introduction
Recently, testing the behaviour of the unemployment rate has gained capital importance for European countries.
In the aftermath of the financial crisis of the EU, the importance of the determining whether the unemployment
rate follows a mean-reverting process increases day by day. There are two principal hypotheses about the
literature on unemployment and these hypotheses focus on the relation between unemployment and the business
cycle. The first one is natural rate hypothesis of unemployment (or non-accelerating inflation rate of
unemployment (NAIRU)) advanced by Phelps (1967) and Friedman (1968), characterizes unemployment
dynamics as a mean-reverting process. Unemployment rate converge to a natural rate and deviations from the
natural rate are short-lived and will remove at the end. The second hypothesis as named the hysteresis1
hypothesis proposed Blanchard and Summers (1986, 1987) represents that cyclical fluctuations or effects of
shock will be permanent because of labour market rigidities. This implies that the unemployment rate will not
return to its equilibrium in the long run after a shock.
In early studies, these two competing hypotheses are generally examined empirically by using conventional unit
root tests on the unemployment rates. Those studies concluded the existence of unemployment hysteresis in the
countries they had examined (Brunello, 1990; León-Ledesma, 2002). Conventional linear unit root tests which
have a low power have been used for testing unemployment hysteresis and the unemployment rate shows the
non-linearity movement (Smyth, 2003; Chang et al., 2005). Many studies used linear univariate unit root tests
that do not commonly reject the null hypothesis (Blanchard and Summers, 1986; Gray, 2004). When the span of
the data is not adequate, some conventional unit root tests suffer from low power. Panel unit root methods used
by Levin et al., (2002), Im et al., (2003) and Christopoulos and Tsionas (2004) are developed for raising the
power of the tests. Several works have attempted to examine the presence of hysteresis in unemployment rate
with nonlinear unit root tests (Caner and Hansen, 2001; Leon-Ledesma and McAdam, 2004; Camarero and
Ordóñez, 2006; Ghosh and Dutt, 2008; Lin et al., 2008; Lee, 2010).
The early studies are examined with linear methods for hysteresis effects in unemployment rate, but these
methods are not suitable because these tests do not take into account the cyclical asymmetrics behaviour over the
business cycle. Therefore, it is more useful to test with nonlinear models to prevent asymmetric behaviour of
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Hysteresis in a labour market context refers to the high degree of dependence of current unemployment upon
past unemployment (Smith, 2003).
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unemployment rate (Caporale and Gil-Alana, 2007; Valetta and Kuang, 2012). In literature on economics, it has
long been argued that major cyclical variables such as the unemployment rate display an asymmetric behaviour
over various phases of the business cycle. During recessions, unemployment rate increases rapidly as compared
to declines during expansions (van Dijk et al., 2002; Caporale and Gil-Alana, 2008). The structure of paper is as
the follows. Section 2 overviews the data in the paper and section 3 describes the methodology and section 4
presents the empirical results and finally we present our conclusions in section 5.
II. Data
This empirical analysis covers the unemployment rate for 17 Eurozone countries, namely Austria, Belgium,
Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Malta, Netherlands, Portugal,
Slovakia, Slovenia and Spain. We use annual data drawn from the Eurostat Database and all data span from
2000:1 to 2013:1. These countries have been selected according to the data available.
III. Methodology
Ucar and Omay (2009) nonlinear panel unit root test
Ucar and Omay (2009) test aims to combine the nonlinear panel unit root test of Kapetanios et al., (2003) and
the procedure of the of panel unit root test of Im et al. (2003). In Ucar and Omay (2009) test, the data is
generated by process of order one panel exponential smooth transition (PESTAR). However, by applying firstorder Taylor series approximation to the PESTAR specification they derived following auxiliary regression
∆yi ,t = α i + δ i yi3,t −1 + ε i ,t
(1)
where δ i = θ i γ i . yi ,t is the series of interest, α i and δ are parameters estimated. Under this framework the null
hypothesis and alternative hypotheses are expressed as δ i = 0 (nonstationarity) against δ i < 0 (nonlinear
stationarity). They proposed a panel unit root test which is computed through taking the simple average of
individual KSS statistics ( t i , NL ). For a fixed T, they defined as

1 N
(2)
∑ ti , NL
N i =1
which is invariant average statistic when ti , NL is invariant with respect to initial observations yi ,0 heterogeneous
tNL =

moments σ i2 and σ i4 if y10 = 0 for all i = 1, 2,..., N. To compare results of UO test with Im et al. (2003) we
report results of both tests.
SPSM and panel KSS unit root test with a Fourier Function
The main feature of panel unit root tests is the ability to exploit coefficient homogeneity under unit root null
hypothesis for all series. However, under the alternative hypothesis of heterogeneous panel unit root tests at least
one series being stationary, the results are not explicit enough. If the unit root hypothesis is rejected, it is
impossible to know series that caused the rejection. Rejecting the null hypothesis, the researcher is in a difficult
situation with distinguishing the stationary from non-stationary series in a panel. Although one knows that the
null hypothesis of aggregate panel can be rejected, he cannot identify the series that caused the rejection. In order
to avoid this problem, Chortareas and Kapetanios (2009) applied a new procedure for PPP literature that allow
them to distinguish the set of series into a group of stationary and a group of non-stationary series (Chortareas
and Kapetanios, 2009; Lee, 2010; Chang, 2011; Pan et al., 2012; Chang and Chang, 2012; Zhang et al., 2013).
Main steps of SPSM method proposed by Chortareas and Kapetanios (2009) are as follows:
The KSS test without and with Fourier function is performed on the all unemployment rates in the panel. If
the unit root null is not rejected, the procedure is stopped. Thus, all the series in the panel are nonstationary.
On the other hand, if the null hypothesis is rejected, go to the step 2.
Remove the series with the minimum KSS statistic, because it is defined as being stationary.
Return to step 1 for the remaining series or stop the procedure if all the series are removed from the panel.
The final result is a separation of the all panel into the sets of stationary and non-stationary variables.
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IV. Empirical Results
For comparison, we examine firstly the results of the linear and nonlinear unit root analysis of Ucar and Omay
(2009) and Im et. al (2003). Table 1 reports the results of the linear and nonlinear unit root analysis on the
unemployment rates for 17 Eurozone. Both the linear and nonlinear panel unit root tests are unable to reject the
null hypothesis of linear nonstationarity characteristics of the study variable in the models with only intercept
and with intercept-trend.
Table 1. Results of linear and nonlinear unit root analysis for 17 Eurozone

t ∗ NL

Z ∗ ANL

t ∗ NBAR

W ∗ NBAR

Lag 1

-0.814 (0.963)

3.955 (0.963)

-0.671 (0.972)

4.262 (0.972)

Lag 2

-0.984 (0.912)

3.132 (0.912)

-0.755 (0. 949)

3.844 (0.949)

Lag 3

-1.041 (0.873)

2.853 (0.873)

-0.878 (0. 890)

3.237 (0.890)

Lag 4

-1.041 (0.873)

2.853 (0.873)

-0.878 (0.890)

3.237 (0.890)

t ∗ NL

Z ∗ ANL

t ∗ NBAR

W ∗ NBAR

Lag 1

-1.341 (0.147)

4.202 (0.147)

-1.320 (0.930)

4.964 (0.930)

Lag 2

-1.403 (0.128)

3.866 (0.128)

-1.377 (0.905)

4.644 (0.905)

Lag 3

-1.403 (0.128)

3.866 (0.128)

-1.377 (0.905)

4.644 (0.905)

Lag 4

-1.403 (0.128)

3.866 (0.128)

-1.377 (0.905)

4.644 (0.905)

intercept

intercept and trend

Notes: p-values in parenthesis are computed with 10.000 bootstrap replications. While t ∗NBAR and W ∗NBAR are the
statistics of Im et al. (2003), t ∗NL and Z ∗ANL are the statistics of Ucar and Omay (2009).

Table 2 investigates the results of the SPSM using the panel KSS unit root test on unemployment rates. It gives
a sequence of the panel KSS statistics with their bootstrap p-values on a reducing panel, the individual minimum
KSS statistic and the stationary series are identified by this procedure each time. The null hypothesis of
hysteresis is not rejected, when the UO test is first applied to the whole panel, producing a value of −1.402 (with
a p-value (0.132). Normally, the procedure continues until the UO test failed to reject the unit root null at the
10% significance level. These results show that the unemployment rates for 17 countries are not stationary and
2
conform to the hysteresis hypothesis. If the panel KSS test is applied to each series, results from Individual KSS
test show that only three countries unemployment rates are mean-reverting.

2

The results of the panel KSS unit root test only reject the null of three countries, namely Luxembourg, Estonia and Malta.
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Table 2. Panel KSS unit root test
Sequence

UO Statistic

Minimum KSS statistic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

-1.402 (0.132)
-1.263 (0.153)
-1.106 (0.199)
-0.970 (0.299)
-0.853 (0.560)
-0.718 (0.514)
-0.565 (0.484)
-0.383 (0.574)
-0.196 (0.791)
0.011 (0.817)
0.259 (0.879)
0.558 (0.941)
0.961 (0.991)
1.341 (0.989)
1.639 (0.996)
2.054 (0.995)
2.876 (0.999)

-3.636
-3.610
-3.018
-2.491
-2.467
-2.409
-2.380
-2.069
-1.852
-1.723
-1.535
-1.457
-0.560
0.448
0.809
1.232
2.876

Series
Luxembourg
Estonia
Malta
Finland
Ireland
Austria
Germany
France
Belgium
Spain
Netherlands
Slovakia
Greece
Slovenia
Portugal
Italy
Cyprus

Notes: UO statistic is the constant average KSS statistic. The maximum lag is set to be 8. The numbers in parenthesis stand
for p-values and are computed by means of the bootstrap replications which are 10.000. The critical values for individual tstatistics are organized in KSS's (2003) table 1. The critical values in their paper are -2.66, -2.93 and -3.48 in significance at
10%, 5% and 1%, respectively. ***, ** and * indicate significance at 1, 5 and 10% levels, respectively.

Table 3. Panel KSS unit root test with Fourier function
Sequence
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

UO Statistic
-3.012 (0.000)***
-2.816 (0.000)***
-2.696 (0.000)***
-2.511 (0.000)***
-2.222 (0.001)***
-2.162 (0.001)***
-2.054 (0.007)***
-1.811 (0.042)**
-1.838 (0.045)**
-1.830 (0.036)**
-1.731 (0.046)**
-1.325 (0.205)
-0.898 (0.364)
-0.386 (0.494)
0.817 (0.942)
0.518 (0.844)
-0.275 (0.521)

Minimum KSS statistic
-4.112
-3.610
-3.018
-2.491
-2.467
-2.380
-2.147
-2.069
-1.852
-1.743
-1.723
-1.535
-1.457
0.448
1.232
1.536
2.876

Fourier (k)
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Series
Luxembourg
Estonia
Malta
Finland
Ireland
Germany
Greece
France
Belgium
Austria
Spain
Netherlands
Slovakia
Slovenia
Italy
Portugal
Cyprus

Notes: UO statistic is the constant average KSS statistic. The maximum lag is set to be 8. The numbers in parenthesis stand
for p-values and are computed by means of bootstrap simulations using 10,000 replications. Fourier (k) is chosen by
minimum sum square of residual for Fourier function. ***, ** and * indicate significance at 1, 5 and 10% levels,
respectively.

As a benchmark, we report the results of the Panel KSS test with a Fourier function. Table 3 shows that the null
hypothesis of unit root was rejected, when the Panel KSS test was applied to the whole panel, producing a value
of –3.012 (p-value of nearly 0). After implementing the SPSM procedure, we found Luxembourg is stationary
with the minimum KSS value of –4.112 among the panel. Then, Luxembourg was removed from the panel and
the Panel KSS test was implemented again to the remaining set of series. After that, we found that the Panel KSS
test still rejected the unit root null with a value of -2.816 (p-value of nearly 0), and Estonia was found to be
stationary with the minimum KSS value of –3.610 among the panel this time. Then, Estonia was removed from
the panel and again the Panel KSS test was implemented to the remaining set of series. The procedure was
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continued until the Panel KSS test failed to reject the unit root null hypothesis at the 10% significance level.
Finally we found that the unemployment rates in 11 countries are stationary and it is in accord with natural rate
hypothesis. Checking the robustness of our test, we continued the procedure until the last sequence. The results
from panel KSS test show that for only three countries unemployment rates are mean-reverting.
V. Conclusions
We tested the mean-reverting properties of the unemployment rates for 17 Eurozone countries over the period
2000:1-2013:1. Ucar and Omay (2009) and Im et al., (2003) do not reject the null hypothesis of unit root in both
models intercept and trend-intercept. However, the SPSM procedure shows that the unemployment rates for 17
Eurozone countries are not stationary and confirm to the hysteresis hypothesis. On the contrary, SPSM procedure
with Fourier function indicates that the unemployment rates in 11 countries are stationary and support the natural
rate hypothesis.
The results of our empirical study have important policy implications. First, if the shocks on unemployment rates
are temporary, the stabilization process of labour and macroeconomic policies do not have long lasting effects on
unemployment rates. That is to say, when the unemployment rate is mean-reverting, the series will return to its
trend path. Thereby, it is possible to forecast future movements in the unemployment rate based on past
behaviour (León-Ledesma, 2002). Second, the unemployment rates are preferably defined as a nonlinear
stationary process for most of countries. Therefore, when policy-makers plan to make accurate forecasts on the
future unemployment rate, our evidence suggests that the forecasting models had better take into account
nonlinearities (Lee, 2010). Third, the global financial crisis in Eurozone area generated a major adverse shock
increased unemployment rates in this area.
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