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Abstract
This paper applies panel unit-root tests that allow for structural breaks and cross-sectional
dependence to examine the validity of hysteresis in gender unemployment rates and gender
unemployment gap for a panel of 15 European countries. Addressing breaks, there is evidence
to reject the null hypothesis of hysteresis for the unemployment rates and unemployment gap
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result is reverted and we fail to reject the null hypothesis of unit root.
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Introduction

The high and highly persistent unemployment rates across European countries and the US
over the recent years have attracted a significant amount of both theoretical and empirical work.
Economists suggest that major macroeconomic disturbances, such as a productivity slowdown,
the steep rise in oil prices in the 1970s and changes in world interest rates could account for the
rise and persistence of unemployment (Roed, 1997).

From a theoretical point of view there are two main hypotheses on unemployment
behavior, hysteresis and the natural rate of unemployment. Hysteresis in unemployment
implies that cyclical fluctuations have permanent effects on the level of unemployment due to
labor market restrictions (Blanchard and Summers, 1986). By contrast, the natural rate of
unemployment hypothesis characterizes unemployment as a mean reverting process, so shocks
to the series have only temporary effects. These theories can be investigated by examining the
order of integration of the unemployment rate. Level stationarity of unemployment (rejection of
the unit root hypothesis) would support the natural rate of unemployment hypothesis whereas
the presence of a unit root would imply that shocks affecting the series have permanent effects
supporting the hysteresis hypothesis. In a seminal work, Blanchard and Summers (1986) use
conventional unit root tests to examine the impact of hysteresis on unemployment and provide
evidence of non-stationarity of unemployment in EU concluding that unemployment exhibits
hysteresis, while, they find evidence of stationarity for the US.

Although the issue of unemployment persistence in EU has been studied extensively, the
structure of unemployment by gender has received relatively little attention. Recently, there is
renewed interest on the issue of gender unemployment. Hoynes et al. (2012) examine the labor
market effects of the recent recession in the US and identify dramatic differences across various
demographic groups, especially men and women. Peiro et al. (2012) analyze the relationship
between male and female unemployment and the business cycle in the UK and the US
providing evidence of a strong association between gender unemployment and cyclical factors.
Ewing et al. (2005) stress the importance of analyzing the time series behavior of disaggregated
unemployment rates and show, using nonlinear time-series techniques the differential effects of
unanticipated shocks on unemployment rates of various demographic groups. Queneau and Sen
(2008) present empirical evidence regarding unemployment dynamics for women and men in

eight OECD countries using unit-root testing. They provide evidence of gender differences in

1



unemployment dynamics only in Canada, Germany and the US and find that the degree of
persistence of gender unemployment rates is rather low. Queneau and Sen (2012) using
univariate unit-root tests find that US unemployment rates disaggregated by gender are
characterized by the hysteresis hypothesis. Belloc and Tilli (2012), by examining the dynamics
of unemployment rates by gender in Italian regions using unit root tests with structural breaks,
show that the gender unemployment gap has narrowed.

However, most of these studies use univariate methods to explore the dynamics of
unemployment rates for men and women. Nevertheless, it is has been recognized that the re-
liance on conventional univariate unit root tests, which exhibit very low power when the time
period under consideration is short, makes the validity of these tests questionable. To address
this problem, two different approaches are followed in the literature on testing the hysteresis
hypothesis: first, the use of unit-root testing techniques that allow for the presence of structur-
al breaks, such as the tests of Zivot and Andrews (1992) and Lee and Strazicich (2003) and,
second, the application of panel unit root tests that allow for cross-sectional correlation in the
error terms and help to avoid severe size distortions (O’Connell, 1999; Leon-Ledesma, 2002
Christopoulos and Leon-Ledesma, 2007; Liu et al., 2012)." So the issue of hysteresis in un-
employment by gender remains open.

The present paper contributes to the literature in two ways. First, it examines the nature
of unemployment rates by gender for a panel of 15 European countries over the period
1977-2009 with the aim of gaining insights into the dynamics of unemployment by gender.
To our knowledge the issue of unemployment persistence by gender is addressed for the first
time in a panel framework analysis. We believe that the study of unemployment hysteresis by
gender in EU countries provides potential valuable insights and is of major importance from a
policy point of view. Effective macroeconomic policy requires the understanding of the pos-
sible effects that shocks could have on the male and female unemployment rates and high-
lights its role in mitigating unemployment.

Second, this paper addresses the issue of investigating the unemployment hysteresis
hypothesis by gender for EU countries using panel unit root tests that allow for structural

changes and also consider for cross-sectional dependence. Cross-sectional dependence is an

! For a survey on the theories of hysteresis and a review on theoretical and empirical evidence on hysteresis see
among others Roed (1997), Lanzafame (2010) and Bakas and Papapetrou (2012).
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important characteristic in the analysis of macro and panel data models and can reflect global
common shocks with heterogeneous impact across countries, such as the oil crises in the 1970s
or the recent financial crisis and local spillover effects as a result of spatial or other forms of
local dependencies (Pesaran and Tosetti, 2011; Sarafidis and Wansbeek, 2012). Allowing for
cross-sectional correlation in the error terms we avoid severe size distortions in panel unit root
testing and thus obtain more powerful results. Furthermore, we address possible heterogeneity
across EU countries that may occur due to the different economic and labor market conditions
in EU countries. This is achieved through the application of the Lagrange Multiplier (LM)
panel unit root test of Im et al. (2010). This test initially makes use of a simple transformation
method to obtain a test statistic invariant to both the location and the size of breaks in the level
or trend of the series in the panel and thereafter it corrects for the presence of cross correlations
in the innovations of the panel by applying the cross-sectional augmented procedure of Pesaran
(2007) that is found to perform robustly under various specifications of cross-sectional
dependence (Baltagi et al., 2007).? Employing these panel unit root tests on the gender
unemployment rates series we produce interesting results. When we account for level and trend
break but do not address cross-sectional dependence, the null hypothesis of hysteresis is
rejected for both gender unemployment rates and unemployment gap series. However, after
allowing for cross-sectional dependence, the results are reverted and we fail to reject the null
hypothesis of unit root, indicating that the gender unemployment series and the gender gap
series in the EU-15 countries are not stationary with the presence of structural break.

The paper is organized as follows. The following section outlines the empirical meth-
odology, whereas the next section presents the data and reports the empirical results. Finally,

the last section provides the concluding remarks.

Panel Unit Root Tests with Structural Breaks

A number of recently developed panel unit root tests allow for the presence of structural
breaks and cross-sectional dependence.
The Im et al. (2005) test statistic (hereafter ILT) is based on the panel extension of the Lee

and Strazicich’s (2004) LM test equation that allows for one shift in level and trend as follows:

2 This test depends only on the number of breaks in the series and, therefore, has significantly greater power than
all previous panel tests (Im et al., 2010).
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where U, is the unemployment rate of country i at timet, S, is the detrended unemployment
rate series, Z;, is a vector describing the breaks and u;, is a white noise error term.
Specifically, Z;, =[1,t,D;,]" expresses the case of a change in mean and Z;, =
[1,t,D;¢, DT;,]" the case of a break in mean and trend. D;, =1 and DT, =t — Tp; for
t > Tp; + 1, and both are zero otherwise. Tg; is the time period of the structural break for
country i. The test statistic is based on the null hypothesis, Hy: &; = 0 for all i, against the
(heterogeneous) alternative hypothesis, Hy: ¢; < 0 for some i.> The panel LM statistic is the

average of univariate LM unit root t-statistic estimated for each individual i:

— 1 ~
tnr =y My Tir (2)
Then, the standardized ILT panel LM unit root test statistic is obtained as:

_ VN(tnr—E(FiT))
LM == @)

where E(f;7) and V(%;7) are the expected value and variance of the individual ;- statistic,
respectively, as reported in Table 1 of Im et al. (2005). Thus, as N,T — oo, as long as E(%; 1)
and V(%;r) existand N/T — k, where k is any finite constant, then LM; — N(0,1) and the
asymptotic distribution is not affected by the presence of structural breaks.

To address the problem of serious size distortions when the series are subject to breaks, Im et
al. (2010) propose a LM (hereafter ILT*) panel unit root test that is invariant to the nuisance
parameters. Following Lee and Strazicich (2009) the dependency of the test statistic on the

nuisance parameter can be removed with the following transformation:

Tigt for t < Tg

B

Se=41-L-5, forTz<t<T. (4)
T-Tg

® The main advantage of this panel unit root test is that it allows for individual deterministic effects, heterogeneity
in the autoregressive coefficients, heterogeneous structural breaks and lag lengths in the underlying equation and
therefore controls for possible country heterogeneity in the panel of EU countries. For a recent survey on the
literature on panel unit root tests, see among others, Breitung and Pesaran (2008).
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Using the transformed series, Im et al. (2010) formulate a test equation similarly to equation
(1) by replacing S;,_, with 55}—1- The transformed panel LM statistic is obtained as in
equation (2) by averaging the relevant t-statistic (7*), and the standardized ILT* test is
equivalent to equation (3). The estimated values of the average of the means and variances of
t are reported in Table 2 of Im et al. (2010). Similarly, the standardized ILT* LM panel unit

root test follows a standard normal distribution.

Cross-Sectional Dependence Test

The Cross-Sectional Dependence (hereafter CD) test of Pesaran (2004) is based on the
average of pair-wise correlation coefficients (p;;) of the OLS residuals obtained from the

individual ADF regressions and is calculated as:

2T _ ~
CD = \/N(N—l)( §V=11 7=i+1 pl]) (5)

The CD statistic under the null of cross independence is distributed as a two-tailed standard

normal distribution.

Panel Unit Root Tests with Breaks and Cross Sectional Dependence

The previous tests assumed no correlations across the error terms in the panel. To correct for
the presence of cross-sectional dependence, Im et al. (2010) apply the cross-sectionally
augmented procedure of Pesaran (2007) (hereafter CA-ILT*) that is found to be robust to the
presence of several sources of cross-sectional dependence, such as the spatial form (Baltagi et
al., 2007). The transformed testing regression augmented by the cross-section averages of

lagged levels and first-differences of the individual series is:

AUsp = 8{AZ;r + &S5y + 9Si—y + hAS; + X5y gijASE ; + X5y cijAS;e—j + wiy (6)

with Sf;=N"*Y¥N, S/, and AS; =N"'YY, AS;,=S;—S;, . Therefore, the
t-statistic (**) on ¢; is used in order to construct the mean statistic ¢ as in equation (2),

which in turn can be used to construct the CA-ILT* test statistic equivalently to equation (3),



which follows a standard normal distribution.*

Data and Empirical Results
Data

The empirical analysis employs annual data for the unemployment rates disaggregated by
gender, namely, female (ufemare) and male (upq) Unemployment rates for 15 European
Union countries over 1977-2009, as well as for the total (u.¢q;) Unemployment rate.>®
Following similar studies, such as Christopoulos and Leon-Ledesma (2007), the analysis uses
the logarithmic form of the unemployment rate, U, = In(u;) and we also employ its logistic
transformation, U, = In(u,/(1 —u,)).” In line with Queneau and Sen (2010) we also utilize
the gender unemployment gap, as measured by the difference between the female and male
unemployment rates (uUgqp = Ufremate — Umate) and the ratio of the two rates (uyqp0 =
Uremate/Umate)- The Unemployment series are obtained from the Annual Labor Force Statistics

database of OECD.

Empirical Results

Table 1 presents the panel LM unit root test (/LT) and the transformed panel LM versions of
the test with breaks in level (ILT;") and both in level and trend (/LT;7) that are invariant to the
nuisance parameters and allow for the presence of heterogeneous structural breaks.

For the unemployment series (Urorar, Umaies Uremaie) @nd for the unemployment gap series

U

gap» Uratio), disregarding cross-sectional dependence, the ILT along with the transformed

ILT; and ILT;; test statistic clearly indicate that the null hypothesis of hysteresis is rejected
for all series, with the exception of female unemployment (Ugemaie) in the version of the test

with a shift in level and trend. The results are invariant to the transformation of the

* The estimated critical values for the means and variances of t are provided in Table 3 of Im et al. (2010).

® The analysis is restricted to this period in order to have a balanced data set, as annual data for gender unem-
ployment series prior to 1977 are not available for all EU-15 countries.

® The 15 EU countries used are the following: Austria (AU), Belgium (BG), Denmark (DK), Finland (F1), France
(FR), Germany (DE), Greece (GR), Ireland (IR), Italy (IT), Luxembourg (LU), Netherlands (NL), Portugal (PR),
Spain (SP), Sweden (SW), United Kingdom (UK).

" Since unemployment rate is a series that is bounded between 0 and 1, the conventional unit root tests are po-
tentially unreliable in the presence of bounds (Cavaliere and Xu, 2013). Thus, following the suggestion of Wallis
(1987) we employ the logistic transformation for the unemployment rate.
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unemployment data.

Table 1 Panel LM Unit Root Tests with Structural Break

Logarithmic Logistic
ILT ILT, LT[y ILT ILT, LTy
Urotar -6.576  -4.704  -4.458° 6549 -4741  -3.108
Unmate -7.550°  -5.169°  -5.691 -7528°  -4691  -6.847
Uremate -5.3377 2121 0.635 -5.258"  -2.006 0.651
Ugap 73827 -4309°  -2.627 7158 -45719 0575
Urgrio _ "5539°  -3.339"  -2.273 -5.236"  -3.433"  -2.659

Notes: indicates rejection of the null hypothesis at 5% significance level; the 5% critical value for the panel
unit root test is -1.645.

The issue of cross-sectional dependence is examined by applying the CD test (Table 2). The
null hypothesis of no cross-sectional correlation among the EU panel members is strongly
rejected at the 1% level of significance, for the three unemployment series and the two

unemployment gap series, irrespective of the transformation of the unemployment data.

Table 2 Cross-Sectional Dependence Test

Logarithmic Logistic
CD-test Prob CD-test Prob
Utoral 16.95 0.000 16.98" 0.000
Unnate 18.69° 0.000 18.73" 0.000
Ut emate 14.50 0.000 14.53 0.000
Ugap 8.95 0.000 8.90 0.000
Uratio _ 9.11 0.000 9.40 0.000

Notes: indicates rejection of the null hypothesis at 5% significance level.

Given cross-sectional dependence, the panel LM versions of the tests that rely on both
cross-sectional dependence and heterogeneous structural breaks are presented in Table 3.5°

The CA-ILT; and the CA-ILT, test statistic fail to reject the null hypothesis of unit root
for the unemployment series disaggregated by gender, indicating that the gender
unemployment series and the gender gap series in the panel of 15 European Union countries are
not stationary with the presence of structural break. However, the results for the total

& We employ the one-break version of the panel LM tests of Im et al. (2005) and Im et al. (2010).

% The lag order of the tests is selected using the recursive t-statistic procedure with an upper bound of k,,,, = 4.
All tests are based on a specification of the test equation with individual fixed effects at the 5% level of signifi-
cance.



unemployment (U;,¢4;) are mixed and depend on the version of the test that is applied. Similar
mixed findings are reported in the literature of examining the stationarity properties of total
unemployment rates in EU countries, with studies supporting the hysteresis hypothesis
(Ledn-Ledesma, 2002) and others rejecting the unemployment hypothesis of non-stationarity in
the panel of EU countries (Christopoulos and Ledn-Ledesma, 2007).

Table 3 Panel LM Unit Root Tests with Structural Break and Cross-Sectional Dependence

Logarithmic Logistic
CA-ILT;  CA-ILT}y CA-ILT;  CA-ILT/y
Utotal 1.371 -3.819 1.489 -2.494
Unale 1.757 0.379 2.503 -0.763
Uremale 0.282 -0.797 0.491 -0.668
Ugap 4.277 -0.529 3.911 0.200
Uy atio 3.217 -0.700 3.246 -0.440

Notes: ~ indicates rejection of the null hypothesis at 5% significance level; the 5% critical value for the panel
unit root test is -1.645.

The evidence on the disaggregated results are invariant to the choice of the gender
unemployment variables, that is unemployment rates by gender, and the two measures of
gender unemployment gap and the transformation of the variables. Our findings show that
unemployment rates across gender are characterized by hysteretic behavior, contrasting
previous studies for OECD countries that use univariate methods (Queneau and Sen, 2008).
Furthermore, we provide insights for differences in the behavior of the dissagragated
unemployment series from the aggregate level of unemployment, confirming the earlier
findings of Ewing et al. (2005) and Queneau and Sen (2012). Finally, the results imply that the
gender unemployment gap remains persistent, confirming earlier findings for OECD countries
(Queneau and Sen, 2010). Overall, the analysis suggests that cross-sectional dependence and
the presence of structural breaks are critical aspects in explaining the behavior of the male and
female unemployment rates and the unemployment gap and therefore should not be neglected

in a panel analysis across European countries.*

19 Similar findings for the sensitivity of the results to the presence of cross-sectional dependence and structural
breaks are reported by Romero-Avila and Usabiaga (2009) for the time series properties of inflation rates and
Snaith (2012) for the PPP puzzle.



Conclusions

This paper examines the nature of male and female unemployment rates by using panel unit
tests for a panel of 15 European countries. The panel unit root tests are invariant to both the
location and the size of breaks and allow for both heterogeneous structural breaks and
cross-sectional dependence. Accounting for breaks in level and trend, there is evidence to reject
the null of hysteresis for the unemployment rates and unemployment gap series. However, this
result is reverted when the test accounts for cross-sectional dependence. In this case, we fail to
reject the null hypothesis of unit root. Given the indication of cross-sectional dependence in the
panel of 15 European countries, we conclude that the gender unemployment rates and the
gender gap series are not stationary with the presence of a structural break. Therefore, our
findings suggest that there is evidence of persistence in the gender unemployment rates and the
gender unemployment gap reflecting persistence inequalities in the European Union labor
market that policy makers need to address.
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