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Abstract

Youth and adult unemployment rates have sharply risen in almost all European countries
since the 2008 economic and financial crisis, leading the European Commission to take initiatives
to counter this rise. Despite the decrease of youth and adult unemployment rates since 2014, the
European Union still faces unemployment challenges. This paper investigates the relationship
between the real gross domestic product (GDP) growth and the unemployment rate (known
as Okun’s law) in 28 European countries between 2000 and 2017. By revisiting Okun’s law,
this paper first evaluates whether or not the youth unemployment rate is more sensitive to
business cycles than the adult unemployment rate. Subsequently, it tests the hypothesis of a
higher sensitivity of the men unemployment rate to business cycles compared to the women
unemployment rate. First, in order to study the relationship between the unemployment rate
and the real GDP growth, a non-linear functional form is used. Second, the econometric
model includes factors that might influence the unemployment rate such as the labour force
participation rate, the part-time employment rate, the share of temporary contract and the
employment rate in industry. As a result, this empirical study highlights three main findings.
First of all, the existence of a negative relationship between the unemployment rate and the
real GDP growth for every age cohorts and gender groups is revealed in European countries.
Then, the hypothesis that the adult men unemployment rate is more sensitive to business
cycles than the adult women unemployment rate is confirmed. Finally, it has been found that
the youth unemployment rate is not significantly more sensitive to business cycles than the
adult unemployment rate. From a policy perspective, it can be inferred that an increase in the
economic growth will decrease the unemployment rate of young people and adults. Moreover,
it will result in a greater decline of the adult men unemployment rate than the adult women
unemployment rate.
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1 Introduction

Since the 2008 economic and financial crisis, the fight against unemployment has become
a priority in all European Union Member States. This crisis has considerably impacted the
European labour market and has led to one of the biggest economic shocks since World War II
(Zanin, 2014). In 2009, the real gross domestic product (GDP) growth1 declined and became
negative in almost every European countries. Moreover, both youth and adult unemployment
rates have increased on average at European level to reach their maximum level in 2013 (Zanin,
2014). The youth unemployment rate was at 16% in 2008 and increased to 26% in 2013, while
the adult unemployment rate was at 6% in 2008 and reached 10% in 2013. However, the mag-
nitude of this impact was not similar in all European countries. As a matter of fact, Greece and
Spain have known a higher increase of their youth and adult unemployment rates compared
to the other European countries. In 2013, the level of the youth unemployment rate reached
almost 60% in Greece and 55% in Spain, while in Germany this rate was at 8%. In regards to
the adult unemployment rate, it reached 27% in Greece and 24% in Spain, while in Germany
it was at 5%. The increase of both youth and adult unemployment rates, during the crisis in
all European countries, has triggered governments’ interest and has become a major concern
of society. It is a fact that the unemployment can be seen as a real concern of society be-
cause, first of all, on a macroeconomic level, the unemployment is a loss of productive resources
which causes a slowdown of the long-run growth. Then, from an individual standpoint, the
unemployment probably brings negative effects on the health and the well-being of individuals
(Brada, Marelli, & Signorelli, 2014). Bell and Blanchflower (2011) have shown that unemploy-
ment increases the risk of malnutrition, mental stress, depression and, even more serious, raises
the risk of committing suicide. On top of that, unemployment and more particularly youth
unemployment causes negative social impacts. Indeed, several studies (Bell & Blanchflower,
2011 ; Verick, 2009) have proved that the rise of the youth unemployment rate increases the
number of crimes and violence such as burglaries, thefts and entails also more drug offences.

With the aim of fighting against this scourge, the European Commission, since the 2008
economic and financial crisis, has doubled its efforts to decrease the level of unemployment rate.
A series of initiatives have been undertaken such as the Youth Guarantee which is a commit-
ment by all Member States to assure that people aged under 25 receive a good-quality offer
for a job, an apprenticeship or a traineeship. Then, as a further example, the European Social
Fund supports the promotion of employment and education opportunities across the European
Union. In a nutshell, one of the main goals of the European Commission, which is written in
the Europe 2020 strategy, is to get 75% of people aged 20 to 64 years old into employment by
2020. However, despite the decrease of youth and adult unemployment rates since 2014, the
European Union still faces unemployment challenges such as differences of unemployment rates
between Member States and the presence of high youth unemployment rates in some European
countries (Lecerf & Dobreva, 2019).

In order to fight against unemployment, it is essential to identify what is the broad cause
of the increase of the unemployment rate. Some researchers (Dixon, Lim, & Van Ours, 2016)
have shown that the variation of the unemployment rate goes hand in hand with changes of the
GDP growth. The relationship between these two economic variables has been investigated by
numerous empirical studies over the years and is known as "Okun’s law". Most of the empirical

1The real GDP is "an inflation-adjusted measure that reflects the value of all goods and services produced
by an economy in a given year, expressed in base-year prices." (Chappelow, 2019, para. 1). Compared to the
nominal GDP, the real GDP provides a more precise figure of economic growth. For this reason, the real GDP
growth is used instead of the nominal GDP growth in this paper.

Word count: 17013
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studies have found a negative relationship between the unemployment rate and the GDP growth.
Accordingly, a positive economic expansion will, ceteris paribus, result in a decline in the unem-
ployment rate (Levine, 2013). However, studies on Okun’s law go beyond the simple negative
relationship between the unemployment rate and the GDP growth. Indeed, some economists
(see Dunsch, 2017 ; Hutengs & Stadtmann, 2013) have investigated Okun’s law by age cohorts
and have revealed that Okun’s law decreases with age. This means that young people are more
sensitive to business cycles2 than their older peers. However, Marconi, Beblavy, and Maselli
(2016) have found that youth unemployment is not significantly more sensitive to business cy-
cles than adult unemployment. Other researchers (Brincikova & Darmo, 2015 ; Zanin, 2014)
have studied Okun’s law by gender groups and have proved that men unemployment is more
sensitive to business cycles than that of women. One could explain this higher sensitivity of men
because of their greater presence in sectors sensitive to economic cycles compared to women
(Zanin, 2014). Moreover, throughout the years, Okun’s law has been improved and modified in
various ways. First of all, the shape of Okun’s curve (which represents the relationship between
GDP growth and unemployment) has been investigated and it has been revealed that it exists
a non-linear relationship between the unemployment rate and the GDP growth (Virén, 2001).
Whereas for a long time, this relationship was seen as linear. Thereafter, it has been found
that Okun’s coefficient, which is the parameter illustrating the force of the relation between
the GDP growth and the unemployment rate, has changed over time due to factors such as
technological changes, labour market policies and welfare benefit. Consequently, besides GDP
changes, other factors can determine the fluctuations of the unemployment rate (Salman, 2012).

Very few empirical studies have taken the non-linear relationship into account in order to
study the sensitivity of the unemployment rate to business cycles. Moreover, factors that might
influence the unemployment rate are not systematically present in the econometric models that
studied Okun’s law. Therefore, this paper offers two contributions to the literature. First,
it introduces the non-linear relationship between the unemployment rate and the real GDP
growth in the study of Okun’s law. Second, it adds in the econometric model control variables
that might influence the study of the sensitivity of the unemployment rate to business cycles.
In this train of thought, the primary objective of this paper is to evaluate whether or not the
youth unemployment rate is more sensitive to business cycles than the adult unemployment
rate. Then, the secondary goal is to review the higher sensitivity of the men unemployment rate
compared to the women unemployment rate. In this regard, Okun’s law is revisited by using
data from 28 European Union countries over the period 2000-2017. To achieve these goals, an
empirical strategy is elaborated and presented as follows. First of all, the econometric model
used to test the sensitivity of the unemployment rate to the real GDP growth by age cohorts
and gender groups is presented. Then, the method used to estimate the econometric model,
which is a fixed effects model, is described and moreover its use is justified. Finally, the Wald
test for equality of coefficients is explained. It will be used to evaluate whether or not the youth
unemployment rate is more sensitive to business cycles than the adult unemployment rate and
to test if the men unemployment rate has a higher sensitivity to the real GDP growth than the
women unemployment rate.

From this empirical study, three main findings can be highlighted. First, the existence of a
negative relationship between the unemployment rate and the real GDP growth for every age
cohorts and gender groups in European countries is revealed. Then, it has been found that the
adult men unemployment rate is more sensitive to business cycles than the adult women unem-
ployment rate. Finally, it has been revealed that the youth unemployment rate is not signifi-

2"The business cycle describes the rise and fall in production output of goods and services in an economy.
Business cycles are generally measured using the rise and fall in the real gross domestic product (GDP)."
(Kenton, 2019, para. 1).
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cantly more sensitive to business cycles than the adult unemployment rate. A result somewhat
different from most of the existing literature which stated a higher sensitivity of young people
to business cycles than adults. From these findings, it can be inferred that an increase in the
economic growth will decrease the unemployment rate for each age cohort and will result in a
greater decline of the adult men unemployment rate than the adult women unemployment rate.

The structure of the paper is as follows: section 2 provides a literature overview regarding
the study of Okun’s law over time. Section 3, firstly, describes the empirical strategy used to
study the sensitivity of the unemployment rate to business cycles for different age cohorts and
gender groups. Secondly, it provides some definitions and descriptive statistics of the dependent
and independent variables used in the econometric model. In section 4, the empirical results are
discussed. Section 5 verifies the robustness of the results found by first looking at the importance
of adding some control variables in the econometric model and then, by modifying the sample
used. Thereafter, section 6 discusses the results obtained previously and recommends some
advice for future research along with some tips to fight against unemployment. Finally, section
7 concludes.
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2 Literature review
Okun’s law depicts the relationship between the real GDP growth and the unemployment

rate. The relationship between these two economic variables has been pointed out first by
the economist Arthur Okun in the 1960. He revealed a negative relation between the real
GDP growth and the unemployment rate. Okun’s law has been widely accepted and confirmed
throughout the years by many economists (see, for instance, Freeman, 2001 ; Knoester, 1986 ;
Zanin, 2014). In many studies, the focus lies with Okun’s coefficient, which is the parameter
illustrating the force of the relation between the GDP growth and the unemployment rate. In-
deed, comparisons of Okun’s coefficients across countries, age cohorts and gender groups have
been realized within numerous empirical research (Hutengs & Stadtmann, 2014). Moreover,
questions about the specification of Okun’s law, such as the non-linearity of Okun’s curve and
the change of Okun’s coefficient over time, have triggered economists’ interest leading to em-
pirical studies on these subjects.

First of all, in the sixties, Arthur Okun studied the relationship between the unemployment
rate and the economic growth by taking United States data from the period 1947 to 1957. He
postulated that for every one percentage point increase of the real GDP growth, the unem-
ployment rate would decline by 0.3 percentage points (Okun, 1962). Throughout the years,
researchers have tried to improve and review this law by using data collected from different
countries. For instance, Knoester (1986) has included in the original form of Okun’s law some
classical causes of unemployment such as real wages and investment ratio. By introducing
these classical determinants, Knoester (1986) has improved significantly the statistical quality
of Okun’s law. In addition, he has verified the existence of a negative relationship between the
output growth and the unemployment rate in other countries than the United States such as
Germany, the Netherlands and the United Kingdom. Then, Prachowny (1993), Weber (1995),
Lee (2000) and Freeman (2001) also have re-estimated Okun’s law in other countries and have
supported the negative relationship between the output growth and the unemployment rate.
However, some studies have found opposing results to Okun’s law. For instance, Tingi and
Lingi (2011) and Habees and Rumman (2012) for Malaysia, Arabian countries and Jordan have
not discovered absolute relation between unemployment rate and output growth. On top of
that, some economists have experienced disagreements regarding the validity of Okun’s law. As
an example, Bankole and Fatai (2013), have observed that Okun’s law is not valid in Nigeria.
While, Amossoma and Nwosa (2013) have observed that the negative relationship between the
unemployment rate and the output growth is confirmed in Nigeria. Despite some minor dis-
agreements, Okun’s law has been widely accepted in economics and, even more, is considered
as a "core idea" in this field (Levine, 2013).

Other applications of Okun’s law have been undertaken in the literature such as the com-
parison of Okun’s coefficients by age cohorts. The main result issued from empirical studies
is that young people are more sensitive to business cycles than their older peers. According
to O’Higgins (1997), the greater sensitivity of young people to cyclical fluctuations is due to
the fact that young workers have less redundancy protection and less company-specific compe-
tences than older workers. Consequently, companies have lower opportunity costs when firing
young workers. Moreover, Bell and Blanchflower (2011) claimed that companies hire more ex-
perienced workers and consequently, labour market entrants are never employed and cannot
improve their experience. It is said that young people are faced with an "experience trap"
(Bell & Blanchflower, 2011). In particular, in period of economic slowdown, this might bring
youth unemployment to higher rates because young people must to compete with more experi-
enced and skilled adults for less jobs (Unt, 2012). In one of their empirical studies, Hutengs and
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Stadtmann (2013) examined Okun’s coefficients for five different age cohorts in selected Central
and Eastern European countries (CEE countries). They highlighted that young people have a
higher Okun’s coefficient than adults showing that young people are more sensitive to business
cycles than their older peers. Dunsch (2017) also found that young people in CEE countries
are more sensitive to trade cycle fluctuations than adults. In the same perspective, Dixon et
al. (2016), with a sample of 20 OECD countries over the period 1985-2013, have provided
empirical evidence that Okun’s law decreases with age. Particularly, that a positive change
in the real GDP growth is subject to lead in a higher reduction of the unemployment rate
among young people compared to older age cohorts. However, the greater sensitivity of young
people has been refuted by some economists. Indeed, Marconi et al. (2016) have highlighted
that youth unemployment (15-24 years old) is not significantly more sensitive to business cycles
than adult unemployment (25-64 years old). In order to test the sensitivity of the youth and
adult unemployment rates, Marconi et al. (2016) have decided to use the unemployment ratio3

as dependent variable instead of using the unemployment rate4. They justify their choice by the
fact that the measurement choice can have an effect, in particular, on the youth labour force.
Because people aged 15 to 24 are in transition between schooling and work, the fact of defining
their status (employed, unemployed or out of the labour force) is not straightforward. Firstly,
students can be registered in the official statistics at the same time in education (out of the
labour force) and in the labour force. Because, according to the definition of "employed people"
from the International Labour Organization (2018), student jobs are part of the status "em-
ployed". As a result, there is an overlap between these two statuses. Secondly, a lot of students
are out of the labour force (inactive) because they follow educational programs, which is some-
thing relatively positive. However, it considerably affects the unemployment rate by decreasing
the size of the labour force. Hence, Marconi et al. (2016) have used the unemployment ratio
as dependent variable because its denominator is robust to the overlap between the two status,
which solves the problems of interpretation affecting the youth unemployment rate. To sum
up, by using the unemployment ratio instead of the unemployment rate as dependent variable,
they found that youth unemployment is not significantly more sensitive to business cycles than
adult unemployment. In the same prospect, Dunsch (2016) examined Okun’s law in Germany
and Poland, for the period 1992 to 2014, in order to test the hypothesis that young people are
more prone to business cycle fluctuations than adults. The results from this empirical study
revealed that in Poland, Okun’s coefficient for young people is higher than for older age cohorts
in absolute term. While in Germany, the difference of Okun’s coefficients between age cohorts
is relatively small and not statistically significant. Therefore, in Germany, the hypothesis that
young people are more sensitive to business cycles than adults is not verified. To conclude,
in the study of Okun’s coefficients by age cohorts, the main result is that young people are
more sensitive to business cycles than adults. However, recent empirical studies (Dunsch, 2016
; Marconi et al., 2016) have highlighted that the higher sensitivity of young people to business
cycles might not be true in some cases.

Then, some economists (Brincikova & Darmo, 2015 ; Zanin, 2014) have studied Okun’s
coefficients by gender groups. First of all, Zanin (2014) by using data from 33 OECD countries
for the period 1998 to 2012 has highlighted that, in absolute term, Okun’s coefficient is larger
for men than for women. Thereafter, Hutengs and Stadtmann (2014) have proved that in Scan-
dinavian countries men have larger Okun’s coefficient than women in absolute term. Finally,
in the same prospect, Brincikova and Darmo (2015) have found that the sensitivity of the men

3The unemployment ratio is defined as "the number of unemployed divided by the total population in relevant
age bracket." (Marconi, Beblavy, & Maselli, 2016, p.580).

4The unemployment rate is defined as the number of unemployed divided by the sum of employed and
unemployed people (labour force) (International Labour Organization, 2018).

13



unemployment rate to the real GDP growth is greater, while it is more moderate in the case
of women. Two main reasons for this finding can be highlighted. The first one is that men
are typically employed in sectors that are more sensitive to trade cycles than women (Zanin,
2014). The second reason explaining the slightest sensitivity of the women unemployment rate
to business cycles has been exposed by Hotchkiss and Robertson (2012). They explain this
slightest sensitivity by the fact that women participation decisions depend more on changing
labour market conditions.

At last, over the years, two questions regarding the specification of Okun’s law triggered
economists’ interest. The first one is about whether Okun’s law is linear or not. Virén (2001)
was the first to demonstrate that Okun’s curve is non-linear in the way that when the output is
high and the unemployment is low, the output growth has a greater impact on the unemploy-
ment and the other way round. Then, in order to estimate Okun’s coefficients, Crespo-Cuaresma
(2003) used a non-linear regression and found that the effect of the output growth on unem-
ployment rate is non-linear. In addition, Silvapulle, Moosa, and Silvapulle (2004) and Jardin
and Stephan (2011) found the existence of a non-linearity of Okun’s law in European coun-
tries. The second question is about the change of Okun’s coefficient over time. Salman (2012)
believed that Okun’s coefficient is different over time because of factors such as technological
changes, labour market policies and welfare benefit which influence the relationship between
the real GDP growth and the unemployment rate. In a given economic environment, it is shown
that variations of real GDP growth have significant consequences on the unemployment rate
(Abraham & Nosa, 2018). In a report published by the International Monetary Fund (2010), it
is explained that the introduction of institutional reforms, which make employment protection
legislation (EPL) less severe such as the higher use of temporary employment contracts, had an
influence on the change of Okun’s law over the past 20 years. In the same prospect, Dixon et al.
(2016) have shown that the greater the share of temporary contract in the labour market, the
more negative the impact of a change in the output gap on the unemployment gap. In conclu-
sion, these two questions regarding the specification of Okun’s law have led to the improvement
of the first model developed by Arthur Okun in the 1960. First of all, the non-linearity of
Okun’s curve has to be taken into account when modeling Okun’s law. Secondly, some factors
influencing the relationship between the real GDP growth and the unemployment rate have to
be included as explanatory variables in the econometric model.

14



3 Methodology
This section presents the empirical strategy used to evaluate whether or not the youth

unemployment rate is more sensitive to business cycles than the adult unemployment rate and
to test if the men unemployment rate has a higher sensitivity to the real GDP growth than the
women unemployment rate. First of all, the econometric model used to test the sensitivity of
the unemployment rate to the real GDP growth by age cohorts and gender groups is presented.
Then, the method used to estimate the econometric model, which is a fixed effects model, is
described and its use is justified. Finally, the Wald test for equality of coefficients is explained.
Furthermore, this section provides the definitions and the data sources of each dependent and
independent variables used in the econometric model as well as some descriptive statistics.

3.1 Empirical strategy

In the existing literature, there are a lot of different versions of Okun’s law which is the
relationship between the real GDP growth and the unemployment rate. The original versions
proposed first by Okun in 1962 were the difference and the gap versions. First of all, the
difference version is modelled as:

yt − yt−1 = β1 + β2(
GDPt −GDPt−1

GDPt−1

) + εt (1)

Where yt represents the unemployment rate at time t, GDPt is the level of real gross domestic
product and εt is the error term.

Thereafter, the gap version is defined as:

yt − ygt = β1 + β2(GDPt −GDP g
t ) + εt (2)

Where ygt and GDP g
t are respectively the natural rate of unemployment5 and the potential

output6 (Zanin, 2014).

Throughout the years, many studies have examined the validity of Okun’s law by using
different econometric techniques and samples (Huang & Yeh, 2013 ; Zanin, 2014). As said pre-
viously, a universal result arising from these studies is that there exists a negative relationship
between the unemployment rate and the real GDP growth. Indeed, if the aggregate demand7

increases, the production will increase. Consequently, this will lead to a rise in the demand for
labour and therefore a fall of the unemployment rate (Dunsch, 2016).

This paper reassess Okun’s relationship by introducing the non-linear relationship observed
by some empirical studies (see Crespo-Cuaresma, 2003 ; Virén, 2001) and by adding some con-
trol variables that might influence Okun’s law. The sample used in this paper contains the 28

5The natural rate of unemployment is defined as “the minimum unemployment rate resulting from real, or
voluntary, economic forces.” (Kagan, 2019, para. 1).

6The potential output is defined as the whole gross domestic product that an economy could produce if all
the resources of this economy were totally employed (WebFinance, 2019).

7The aggregate demand is "an economic measurement of the sum of all final goods and services produced in
an economy, expressed as the total amount of money exchanged for those goods and services." (Kenton, 2018,
para. 1).
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European Union (EU) countries8 for the period 2000 to 2017. The choice to study only Euro-
pean Union countries is justified by the fact that data on the unemployment rate derived from
the International Labour Organization database (ILOSTAT) are based on common definitions
which allow a certain comparability across countries.

3.1.1 Econometric model

First, the baseline model (equation (3)) tests the sensitivity of the unemployment rate to
the real GDP growth by age cohorts and gender groups.

log(yit) = β1 + β2GDPit + β3GDPit−1 + β4GDPit−2 + β5GDPit−3 + β6x
1
it + β7x

2
it + β8x

3
it + β9x

4
it

+β10(GDPit ∗ x1it) + β11(GDPit−1 ∗ x1it) + β12(GDPit−2 ∗ x1it) + β13(GDPit−3 ∗ x1it)
+β14(GDPit ∗ x2it) + β15(GDPit−1 ∗ x2it) + β16(GDPit−2 ∗ x2it) + β17(GDPit−3 ∗ x2it)
+β18(GDPit ∗ x3it) + β19(GDPit−1 ∗ x3it) + β20(GDPit−2 ∗ x3it) + β21(GDPit−3 ∗ x3it)
+β22(GDPit ∗ x4it) + β23(GDPit−1 ∗ x4it) + β24(GDPit−2 ∗ x4it) + β25(GDPit−3 ∗ x4it)

∂t + αi + εit
(3)

In the baseline model, yit indicates the youth (men, women) or the adult (men, women) un-
employment rate in country i=1,. . . ,N at time t=1,. . . ,T. The logarithm of the dependent
variable is taken because a non-linear relationship between variables can be modeled by taking
the logarithm of variables in an econometric model. The non-linear relationship between the
unemployment rate and the real GDP growth has been investigated by several authors, such as
Virén (2001), Silvapulle et al. (2004) and Jardin and Stephan (2011). They found the existence
of a non-linearity of Okun’s law in European countries. Therefore, the use of linear specifica-
tions may lead to inaccurate predictions. Then, GDPit is the real GDP growth for country i
at time t. Because the change in the unemployment rate would not immediately result from
changes in the real GDP growth, equation (3) includes the lagged variables of order 3 of the real
GDP growth (GDPit−1, GDPit−2, GDPit−3). Therefore, the long run effect of the real GDP
growth is equal to β2+β3+β4+β5 when the control variables are equal to zero. The variables
x1it, x2it, x3it and x4it represent the control variables which are the (youth, adult) labour force
participation rate, the (youth, adult) part-time employment rate, the (youth, adult) share of
temporary contract and the employment rate in industry. These control variables are related
to the unemployment rate (see explanations in section 3.2.2) and might influence the relation-
ship between the unemployment rate and the real GDP growth. Therefore, the inclusion of
these variables in the econometric model is essential to estimate the coefficients and to avoid
misleading conclusions due to the omission of relevant variables. Moreover, all these variables
are added in interaction with the real GDP growth variables. To ensure that the interpretation
of the long run effect of the real GDP growth on the unemployment rate has an economic
sense, all the control variables are centered to their average points9. Consequently, the long
run effect of the real GDP growth is equal to β2+β3+β4+β5 when the control variables are
equal to their average points. Then, ∂t represents the time dummies for the years 2001 to
201710. Finally, αi+εit indicates the composite error. This composite error comprises firstly an

8The 28 European Union countries are: Austria, Belgium, Bulgaria, Croatia, Republic of Cyprus, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden and the UK.

9See Table A in Appendix 9.1.
10For reasons of perfect collinearity the year 2000 is not included in the econometric model.
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unobserved country effect, αi, which captures all unobserved, time constant factors that affect
yit. That is all factors that affect the unemployment rate and that do not change over time.
For instance, countries may have their own methods for reporting the unemployment rate or,
for historical reasons, have different unemployment rates. Therefore, these methodological and
historical factors are captured by this unobserved country effect. Secondly, the composite error
comprises the idiosyncratic error, εit, which captures all unobserved factors that change over
time and affect the dependent variable, yit (Wooldridge, 2016).

Then, the baseline model (equation (3)) is rewritten and transformed11 in order first, to
facilitate the interpretation of the long run effect of the real GDP growth on the youth (men,
women) and adult (men, women) unemployment rates and second, to allow a comparison of the
long run effect of the real GDP growth by age cohorts and gender groups. Consequently, for
these two reasons, the substituted model (equation (4)) is used instead of the baseline model
(equation (3)) to estimate the sensitivity of the unemployment rate to the real GDP growth by
age cohorts and gender groups.

log(yit) = β1 + δ1GDPit + β3(GDPit−1 −GDPit) + β4(GDPit−2 −GDPit) + β5(GDPit−3 −GDPit)

+β6x
1
it + β7x

2
it + β8x

3
it + β9x

4
it

+δ2(GDPit ∗ x1it) + β11((GDPit−1 −GDPit) ∗ x1it) + β12((GDPit−2 −GDPit) ∗ x1it)
+β13((GDPit−3 −GDPit) ∗ x1it)

+δ3(GDPit ∗ x2it) + β15((GDPit−1 −GDPit) ∗ x2it) + β16((GDPit−2 −GDPit) ∗ x2it)
+β17((GDPit−3 −GDPit) ∗ x2it)

+δ4(GDPit ∗ x3it) + β19((GDPit−1 −GDPit) ∗ x3it) + β20((GDPit−2 −GDPit) ∗ x3it)
+β21((GDPit−3 −GDPit) ∗ x3it)

+δ5(GDPit ∗ x4it) + β23((GDPit−1 −GDPit) ∗ x4it) + β24((GDPit−2 −GDPit) ∗ x4it)
+β25((GDPit−3 −GDPit) ∗ x4it)

+∂t + αi + εit
(4)

In the substituted model (equation (4)), δ1 represents the long run effect of the real GDP growth
on the unemployment rate when the labour force participation rate, the part-time employment
rate, the share of temporary contract and the employment rate in industry are equal to their
average points. Then, δ1+δ2+δ3+δ4+δ5 is the long run effect of the real GDP growth when
the control variables differ from their average points. As for the baseline model (equation (3)),
in the substituted model (equation (4)), GDPit is the real GDP growth for country i at time
t and GDPit−1, GDPit−2 and GDPit−3 are the lagged variables of the real GDP growth. The
variables x1it, x2it, x3it and x4it are the (youth, adult) labour force participation rate, the (youth,
adult) part-time employment rate, the (youth, adult) share of temporary contract and the em-
ployment rate in industry. Then, ∂t represents the time dummies for the years 2001 to 2017.
Finally, αi+εit is the composite error which comprises the unobserved country effect, αi, and
the idiosyncratic error, εit.

11See in Appendix 9.2 the transformation from equation (3) to equation (4).
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3.1.2 Fixed effects model or random effects model?

The substituted model (equation (4) is an unobserved effects model with unobserved country
effect that can be related or not with other regressors. According to well-defined assumptions,
two different techniques can be used to estimate this unobserved effects model. The first one is
the fixed effects model which assumes that the unobserved country effect, αi, can be correlated
with other regressors, while the second one, the random effects model assumes that the unob-
served country effect is not correlated with any regressors. In order to choose between these two
models, a Hausman specification test can be carried out. The null hypothesis of the Hausman
test tells that the unobserved country effect is uncorrelated with other regressors. Therefore,
if the null hypothesis is rejected the fixed effects model is preferred to the random effects model.

In this paper, in order to choose between the fixed or the random effects model to estimate
equation (4), the Hausman test has been carried out for all age cohorts and gender groups.
Table 1 shows the results of the Hausman test statistic and the p-value of this test. For each
of the cases, the null hypothesis has been rejected (p-value =0.00). Therefore, a fixed effects
model over the period 2000 to 2017 for a panel of 28 European countries is used to estimate
the substituted model (equation (4)).

Table 1: Results Hausman test for fixed or random effects model

Hausman test statistic p-value
(1) (2)

Youth unemployment rate 70.55 0.0028

Youth men unemployment rate 193.15 0.00

Youth women unemployment rate 141.45 0.00

Adult unemployment rate 251.22 0.00

Adult men unemployment rate 81.85 0.00

Adult women unemployment rate 409.90 0.00

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Column (1) shows the Hausman test statistic and column (2) gives the p-value of the Hausman test.
For the Hausman test, the null hypothesis tells that the unobserved country effect is uncorrelated with other
regressors. Therefore, if the null hypothesis is rejected the fixed effects model is preferred to the random effects
model.

Furthermore, in order to correct the presence of heteroskedasticity12 and serial correlation13,
the robust standard error is used. First, the presence of heteroskedasticity in the econometric
model has been found by performing a modified Wald statistic for groupwise heteroskedasticity

12"In statistics, heteroskedasticity happens when the standard errors of a variable, monitored over a specific
amount of time, are non-constant." (Hayes, 2019, para. 1).

13The serial correlation happens when the errors in two different time periods are correlated (Wooldridge,
2016).
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in residuals of a fixed effects model. The null hypothesis of the modified Wald statistic tells
that there is homoskedasticity in the model, while the alternative hypothesis tells that there is
heteroskedasticity in the econometric model. Column (1) and (2) of Table 2 show the modified
Wald statistic and the p-value for each age cohort and gender group. For every cases, the null
hypothesis has been rejected (p-value=0.00) which implies the presence of heteroskedasticity in
the econometric model. Then, the presence of serial correlation in the econometric model has
been found by performing a Wooldridge test. The null hypothesis of the Wooldridge test tells
that there is no serial correlation in the model, while the alternative hypothesis tells that there
is serial correlation in the econometric model. For each of the cases (see column (3) and (4)
of Table 2), the null hypothesis of the Wooldridge test has been rejected (p-value=0.00) and
therefore has confirmed the presence of serial correlation in the econometric model.

Table 2: Results Modified Wald statistic for groupwise heteroskedasticity and Wooldridge test
for serial correlation

Modified Wald statistic p-value Wooldridge test statistic p-value
(1) (2) (3) (4)

Youth unemployment rate 566.10 0.00 84.388 0.00

Youth men unemployment rate 306.02 0.00 28.592 0.00

Youth women unemployment rate 638.545 0.00 19.547 0.0002

Adult unemployment rate 275.53 0.00 146.662 0.00

Adult men unemployment rate 914.95 0.00 224.812 0.00

Adult women unemployment rate 187.49 0.00 57.500 0.00

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Column (1) shows the modified Wald statistic and column (2) gives the p-value of the modified Wald
statistic. For the modified Wald statistic, the null hypothesis tells that there is homoskedasticity in the model.
Therefore, if the null hypothesis is rejected, it means that there is presence of heteroskedasticity in the model.
Column (3) and (4) show the Wooldridge test statistic and the p-value of the Wooldridge test.
For the Wooldridge test, the null hypothesis tells that there is no serial correlation in the model. Therefore, if
the null hypothesis is rejected, there is presence of serial correlation in the econometric model

3.1.3 Wald test for equality of coefficients

The substituted model (equation (4)) allows to test whether the long run coefficient of the
real GDP growth at the average point (δ1) is different from zero. However, this model does not
test whether the long run coefficients differ by age cohorts and gender groups. Consequently,
in order to test the difference of the long run coefficients by age cohorts and gender groups, a
new econometric model (equation (5)) is first constructed and estimated. Then, a Wald test
for equality of coefficients is performed. In order to do so, a new database is created. In this
new database, the youth (men, women) and adult (men, women) unemployment rates have
been pooled together and forming together the dependent variable. Then, each independent
variable (the real GDP growth, the lagged of the real GDP growth, the control variables and
the interaction terms) are included and are represented as follows in the database:
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[
Xyouth 0

0 Xadult

]
Where Xyouth represents all the independent variables of young people and Xadult represents
all the independent variables of adults.

From the new database, equation (5) is constructed. In this equation, yit indicates the youth
(men, women) and adult (men, women) unemployment rates that have been pooled together.
Then, all the youth (men, women) and adult (men, women) explanatory variables are included.
∂youtht and ∂adultt are the time dummies respectively for the youth and adults. Finally, ωyouth

i and
ωadult
i are the country dummies for the youth and adults. Equation (5) is estimated using a fixed

effects model. Then, a Wald test for equality of coefficients is performed in order to compare
δyouth1 and δadult1 (the long run coefficients of the real GDP growth at the average point). The
Wald test for equality of coefficients allows to test whether coefficients are significantly different
or not. The null hypothesis tells that the coefficients are not significantly different. Therefore,
if the null hypothesis is rejected the coefficients are significantly different. To perform the Wald
test, the robust to heteroskedasticity and serial correlation standard errors are used.

log(yit) = βyouth
1 + δyouth1 GDPit + βyouth

3 (GDPit−1 −GDPit) + βyouth
4 (GDPit−2 −GDPit)

+βyouth
5 (GDPit−3 −GDPit) + βyouth

6 x1it + βyouth
7 x2it + βyouth

8 x3it + βyouth
9 x4it

+δyouth2 (GDPit ∗ x1it) + βyouth
11 ((GDPit−1 −GDPit) ∗ x1it) + βyouth

12 ((GDPit−2 −GDPit) ∗ x1it)
+βyouth

13 ((GDPit−3 −GDPit) ∗ x1it)
+δyouth3 (GDPit ∗ x2it) + βyouth

15 ((GDPit−1 −GDPit) ∗ x2it) + βyouth
16 ((GDPit−2 −GDPit) ∗ x2it)

+βyouth
17 ((GDPit−3 −GDPit) ∗ x2it)

+δyouth4 (GDPit ∗ x3it) + βyouth
19 ((GDPit−1 −GDPit) ∗ x3it) + βyouth

20 ((GDPit−2 −GDPit) ∗ x3it)
+βyouth

21 ((GDPit−3 −GDPit) ∗ x3it)
+δyouth5 (GDPit ∗ x4it) + βyouth

23 ((GDPit−1 −GDPit) ∗ x4it) + βyouth
24 ((GDPit−2 −GDPit) ∗ x4it)

+βyouth
25 ((GDPit−3 −GDPit) ∗ x4it) + ∂youtht + ωyouth

i

+βadult
1 + δadult1 GDPit + βadult

3 (GDPit−1 −GDPit) + βadult
4 (GDPit−2 −GDPit)

+βadult
5 (GDPit−3 −GDPit) + βadult

6 x1it + βadult
7 x2it + βadult

8 x3it + βadult
9 x4it

+δadult2 (GDPit ∗ x1it) + βadult
11 ((GDPit−1 −GDPit) ∗ x1it) + βadult

12 ((GDPit−2 −GDPit) ∗ x1it)
+βadult

13 ((GDPit−3 −GDPit) ∗ x1it)
+δadult3 (GDPit ∗ x2it) + βadult

15 ((GDPit−1 −GDPit) ∗ x2it) + βadult
16 ((GDPit−2 −GDPit) ∗ x2it)

+βadult
17 ((GDPit−3 −GDPit) ∗ x2it)

+δadult4 (GDPit ∗ x3it) + βadult
19 ((GDPit−1 −GDPit) ∗ x3it) + βadult

20 ((GDPit−2 −GDPit) ∗ x3it)
+βadult

21 ((GDPit−3 −GDPit) ∗ x3it)
+δadult5 (GDPit ∗ x4it) + βadult

23 ((GDPit−1 −GDPit) ∗ x4it) + βadult
24 ((GDPit−2 −GDPit) ∗ x4it)

+βadult
25 ((GDPit−3 −GDPit) ∗ x4it) + ∂adultt + ωadult

i + εit

(5)
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3.2 Data sources and descriptive statistics

Before introducing the results obtained from the empirical strategy, it seems relevant to
provide information about data sources and to display some descriptive statistics of the de-
pendent and independent variables used in the econometric model. First of all, information
about the evolution in the last 20 years of the youth and adult unemployment rates as well
as the men and women unemployment rates are depicted. Then, the evolution of the real
GDP growth is shown for five European countries representing the five regions of the European
Union. Finally, the inclusion in the econometric model of the labour force participation rate,
the share of temporary contract, the part-time employment rate and the employment rate in
industry is justified by explaining via existing empirical studies the relationship between the
control variables and the unemployment rate.

3.2.1 Dependent variables

The dependent variables of the econometric model are the youth (men, women) unem-
ployment rates and the adult (men, women) unemployment rates. In this report, the youth
unemployment rate is defined as the number of unemployed persons aged 15 to 24 divided by
the labour force14 of that age group. While the adult unemployment rate is defined as the
number of unemployed persons aged 25 to 54 divided by the labour force of that age group
(International Labour Organization, 2018). Data on unemployment rates come from the Inter-
national Labour Organization database (ILOSTAT) which is one of the famous leading source
of labour statistics. ILOSTAT contains the key indicators of the labour market (KILM) such
as the unemployment rate, the labour force participation rate and the part-time employment
rate. For each key indicator, different types of sources are available in the database. However,
to ensure the comparability across European countries, the European labour force survey is
used. Indeed, this survey is undertaken in all European countries by National Statistical In-
stitutes and uses equivalent definitions across countries. For instance, the shared definition of
unemployed persons in all EU countries except in Italy15 is the following; unemployed persons
are formed of all persons aged 15 to 74 who were (International Labour Organization, 2018):

• Without work for a certain reference period

• Currently available for work

• Seeking actively for a job

The sample used in this paper contains the youth (men, women) and the adult (men,
women) unemployment rates for the 28 European Union countries over the period 2000 to
2017. This represents a total number of observations of 504 in the dataset. A first glance on
youth and adult unemployment rates in the 28 European Union countries for the period 2000
to 2017 reveals that the youth unemployment rate is higher than the adult unemployment rate
throughout the studied period (see Figure 1). This gap between youth and adult unemploy-
ment rates can be explained by the fact that young people are less likely to be employed than
adults due to lack of required skills and working experience (Hutengs & Stadtmann, 2013). In
the EU-28, the youth unemployment rate reached its maximum in 2013 close to 26%, while
at that time, the adult unemployment rate was equal to 10%. However, the youth and adult
unemployment rates have practically followed the same evolution over the years. Indeed, both

14The labour force is defined as the sum of all employed and unemployed people (International Labour
Organization, 2018).

15In Italy, one of the three criteria is not necessary to be considered as unemployed person. Therefore,
unemployed persons are formed of all persons aged 15 to 74 who were (International Labour Organization,
2018): without work for a certain reference period and seeking actively for a job.
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have experienced an increase in 2008 due to the financial crisis and a decrease in 2014 due to
the recovery of the crisis in almost all European countries.
The evolution of the unemployment rate has not been similar across European countries. Figure
2 and Figure 3 represent respectively the youth and adult unemployment rates for the years
2007 and 2013 for each European countries. Some countries such as Greece and Spain have
known a higher increase of their youth and adult unemployment rates from 2007 to 2013 com-
pared to other European countries. For instance, in 2013, the level of the youth unemployment
rate reached almost 60% in Greece and 55% in Spain. Regarding the adult unemployment rate,
it also reached an impressive amount in 2013 in Greece and Spain with a rate equals to 27%
and 24% respectively. In contrast, Germany is the only European country that has known a
decrease of his youth and adult unemployment rates between 2007 and 2013. Indeed, the youth
unemployment rate decreased from 12% in 2007 to 8% in 2013 and the adult unemployment
rate lowered from 8% in 2007 to 5% in 2013. As said previously, the other European countries
have experienced a moderate rise of their youth and adult unemployment rates between 2007
and 2013 compared to Greece and Spain.

Once the evolution of the unemployment rate is observed by age cohorts, it is interesting
to look at the evolution of the unemployment rate by gender groups. Figure 4 shows the
evolution of the youth men and youth women unemployment rates in EU-28. From 2000
to 2008, the youth women unemployment rate is higher than the youth men unemployment
rate. However, from the year 2009, the tendency is reversed with an unemployment rate of
women lower than that of men. With respect to the adult unemployment rate, the adult men
unemployment rate remains lower than that of women over the studied period (see Figure 5).
However, from the year 2009, the gap between these two rates decreased. In the recent crisis,
the men unemployment rate has known a greater increase than the women unemployment rate
in most European countries (Dunsch, 2017). According to Bettio et al. (2012), the higher
increase of men unemployment rate compared to women unemployment rate can be explained
by the presence of labour market segregation. Typically in European countries, men are more
employed in the manufacturing and construction sectors while women are over-represented
in the service sector (including the public sector). During the 2008 economic and financial
crisis, job losses were more concentrated in the manufacturing and construction sectors while
industries where women were over-represented such as the education and health care sectors
have resisted better to the crisis. Therefore, men have experienced higher job losses compared
to women in countries where the labour market segregation was more present (Bettio et al.,
2012).
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Figure 1: Youth and adult unemployment rates in EU-28 from 2000 to 2017

Source: Own elaboration with data from ILOSTAT.
Notes: Evolution of the youth and adult unemployment rates in the 28 European Union countries for the

period 2000 to 2017.

Figure 2: Youth unemployment rate in EU countries for the years 2007 and 2013

Source: Own elaboration with data from ILOSTAT.
Notes: The youth unemployment rate for the 28 European Union countries for the years 2007 and 2013.

Almost all European countries have experienced an increase of the youth unemployment rate between 2007
and 2013, except Germany. Compared to other EU countries, Greece and Spain have known a higher increase

of their youth unemployment rate between 2007 and 2013.
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Figure 3: Adult unemployment rate in EU countries for the years 2007 and 2013

Source: Own elaboration with data from ILOSTAT.
Notes: The adult unemployment rate for the 28 European Union countries for the years 2007 and 2013.

Almost all European countries have experienced an increase of the adult unemployment rate between 2007
and 2013, except Germany. Compared to other EU countries, Greece and Spain have known a higher increase

of their adult unemployment rate between 2007 and 2013.

Figure 4: Youth men and youth women unemployment rates in EU-28 from 2000 to 2017

Source: Own elaboration with data from ILOSTAT.
Notes: Evolution of the youth men and youth women unemployment rates in the 28 European Union countries

for the period 2000 to 2017.
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Figure 5: Adult men and adult women unemployment rates in EU-28 from 2000 to 2017

Source: Own elaboration with data from ILOSTAT.
Notes: Evolution of the adult men and adult women unemployment rates in the 28 European Union countries

for the period 2000 to 2017.

3.2.2 Independent variables

This section, first, defines and presents some descriptive statistics of the independent vari-
able of interest, which is the real GDP growth. Then, along with the annual real GDP growth,
a certain number of control variables have been included in the econometric model in order to
avoid misleading conclusions due to the omission of relevant variables. Consequently, the in-
clusion in the econometric model of the labour force participation rate, the share of temporary
contract, the part-time employment rate and the employment rate in industry is justified.

Firstly, as independent variable of interest, the annual real GDP growth is used. The real
GDP is defined as "the total value at constant prices of final goods and services produced
within a country during a specified time period" (International Monetary Fund, 2019, p.15).
Data on the real GDP growth come from the International Monetary Fund (IMF) database and
are available for the years 2000 to 2017 for the 28 European countries. The evolution of the
real GDP growth for five European countries is displayed on Figure 6. The choice to represent
these five countries is intentional. Indeed, over the years, some authors such as Esping-Andersen
(1990) and Bruno, Marelli, and Signorelli (2016) have classified European countries into groups
according to the welfare state regime. Regarding the classification made by Bruno et al. (2016),
Germany, Sweden, the United Kingdom, Spain and Croatia are respectively part of the Conti-
nental region, the Northern region, the Anglo-Saxon region, the Southern region and the New
Member State region. Therefore, displaying these five countries gives an overall picture of the
different groups in the European Union. For all five countries, it is in 2009 that the lowest
level of the real GDP growth was reached. However, some countries have experienced lower
growth rates such as Croatia, while other countries have known more moderate rates such as
the United Kingdom. The recovery has also been different across countries. Indeed, from the
year 2010, Germany, Sweden and the United Kingdom have experienced positive growth rates
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while Spain and Croatia, until 2014, have reported a negative real GDP growth. In an overall
vision, the recovery of the economic growth was slower for the Southern and the New Member
State regions compared to the three other regions.

Figure 6: The real GDP growth from 2000 to 2017

Source: Own elaboration with data from International Monetary Fund.
Notes: Evolution of the real GDP growth of Germany, Sweden, the United Kingdom, Spain and Croatia for

the period 2000 to 2017.

Secondly, in connection with the study undertaken by Albanesi and Sahin (2018) on the
gender unemployment gap, a positive correlation between the labour force participation and
unemployment gender gaps has been found. In fact, they highlighted that on average coun-
tries with lower labour force participation gaps would express lower unemployment gaps. This
relationship between the labour force participation rate and the unemployment rate has to be
taken into account in the econometric model. Data on the labour force participation rate come
from ILOSTAT and are available for the years 2000 to 2017 for the 28 European countries.
According to the International Labour Organization (2018), the labour force participation rate
is expressed as the number of persons in the labour force divided by the working age popula-
tion16. Hence, the labour force participation rate gives an information on the size of the supply
of labour that can be engaged in the production of goods and services relative to the population
at working age (International Labour Organization, 2018). In the EU-28, the gap between the
youth men and youth women labour force participation rates (see Figure 7) as well as the gap
between the adult men and adult women labour force participation rates (see Figure 8) tend to
decrease over the years. As previously observed in section 3.2.1, the unemployment gender gap
for young people as well as the unemployment gender gap for adults have been reduced since
2009. Consequently, assuming that the theory exposed by Albanesi and Sahin (2018) turns out
to be true, the reduction of the unemployment gender gap observed over times may be partially

16To ensure the international comparison, the working age population is generally defined as all persons aged
15 years and older (International Labour Organization, 2018).

26



explained by the reduction of the labour force participation gap.

Figure 7: Youth men and youth women labour force participation rates in EU-28

Source: Own elaboration with data from ILOSTAT. Notes: Evolution of the youth men and youth women
labour force participation rates in the 28 European Union countries for the period 2000 to 2017.

Figure 8: Adult men and adult women labour force participation rates in EU-28

Source: Own elaboration with data from ILOSTAT. Notes: Evolution of the adult men and adult women
labour force participation rates in the 28 European Union countries for the period 2000 to 2017.
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Thirdly, as shown by Dixon et al. (2016) the share of temporary contract in the labour
market influences Okun’s coefficient over time. Indeed, they have found that the greater the
share of temporary contract in the labour market, the more negative the impact of a change in
the output gap on the unemployment gap. Dixon et al. (2016) have also stated that because
the share of temporary contract has a growing tendency on average and across age groups,
Okun’s coefficient is likely becoming more negative over time. A similar conclusion has been
found by an International Monetary Fund study which quoted that "The responsiveness of un-
employment to output has increased over the past 20 years in many countries. This reflects the
greater use of temporary employment contracts." (International Monetary Fund, 2010, Chapter
3, p.1). To take this relationship into account, the share of temporary contract is added as
control variable in the econometric model. Moreover, because institutional reforms and par-
ticularly the one making employment protection legislation (EPL) less severe might have an
effect on Okun’s coefficient, the part-time employment rate is also included as control variable
in the econometric model (International Monetary Fund, 2010). Data on the share of tempo-
rary contract and part-time employment rate come from the European labour force survey on
the Eurostat database (Eurostat, n.d.). According to Eurostat (n.d.) the share of temporary
contract is defined as the number of people under temporary contract as percentage of total
employment. And, the part-time employment rate is defined as the number of people under
part-time employment as percentage of total employment.

Finally, many researchers have investigated the relationship between the labour market seg-
regation and the unemployment rate. As said previously, Bettio et al. (2012) have argued that
men have experienced higher job losses compared to women in countries where the labour mar-
ket segregation was higher. Therefore, in order to take into account the relationship between
the unemployment rate and the labour market segregation, the number of people employed
in industry as a percentage of total employment is included in the model as control variable.
In accordance with the International Standard Industrial Classification (ISIC)17, the industry
sector includes the mining and quarrying, manufacturing and construction sectors. Data on
the employment rate in industry come from ILOSTAT database and are available for the years
2000 to 2017 for the 28 European countries. On average in the EU-28, the evolution of the em-
ployment rate in industry tends to decrease over time (see Figure 9). This downward tendency
reveals the presence of the deindustrialization in European countries. The deindustrialization is
defined as the declining economic weight of the industrial sector. This phenomena is observed
not only in developed countries but also in developing countries (Van Neuss, 2018).

17The International Standard Industrial Classification is used to classify data according to the type of economic
activity in the fields of employment and health (Eurostat, 2015).
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Figure 9: Employment rate in industry in EU-28 from 2000 to 2017

Source: Own elaboration with data from ILOSTAT.
Notes: Evolution of the employment rate in industry in the 28 European Union countries for the period 2000

to 2017.
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4 Empirical results
In this section, the results obtained from the substituted model (equation (4)) and the Wald

test for equality of coefficients are presented. First, the results for the youth (men, women)
unemployment rates are exposed. Then, those of the adult (men, women) unemployment rates
are depicted.

First of all, Table 3 shows the results obtained when estimating the substituted model
(equation (4)) for the youth unemployment rate and for youth men and youth women unem-
ployment rates. Table 3 reports the long run effect of the real GDP growth (δ1) when the youth
(men, women) labour force participation rate, the youth (men, women) part-time employment
rate, the youth (men ,women) temporary contract and the employment rate in industry are
equal to their average points. Table 3 also shows the long run effect of the real GDP growth
(δ1+δ2+δ3+δ4+δ5) when the control variables differ from their average points. In order to test
the joint significance of the long run effect of the real GDP growth when the control variables
differ from their average points, an F-test of joint significance18 is performed and shown at the
end of Table 3. The F-test of joint significance reveals that the coefficients (δ1, δ2, δ3, δ4, δ5) are
jointly significant for the three estimated models because the null hypothesis has been rejected
for each of the three models (see F-test statistic in Table 3).
At first sight, the estimation of the substituted model (equation (4)) reveals that the long run
effect of the real GDP growth at the average point is negative and highly significant for the
youth, the youth men and the youth women unemployment rates. Consequently, the results
provide an evidence that Okun’s law is verified and that it exists a negative relationship be-
tween the youth unemployment rate and the real GDP growth in the long run.
More particularly, from column (1) of Table 3, it is found that a permanent one percentage
point increase of the real GDP growth implies a 5.46% decrease of the youth unemployment
rate when the youth labour force participation rate, the youth part-time employment rate,
the youth temporary contract and the employment rate in industry are equal to their average
points. When the control variables differ from their average points, the long run effect of the
real GDP growth on the youth unemployment rate is equal to -5.3%19. This result is almost
similar to the long run effect of the real GDP growth at the average point. In order words, the
variation of the control variables from their average points does not drastically modify the long
run effect of the real GDP growth on the youth unemployment rate.
Then, column (2) and (3) of Table 3 give the long run effect of the real GDP growth on the
youth men and youth women unemployment rates. It is observed that, a permanent one per-
centage point increase of the real GDP growth implies a 6.24% decrease of the youth men
unemployment rate when the control variables are equal to their average points, while a per-
manent one percentage point increase of the real GDP growth implies a 4.71% decrease of the
youth women unemployment rate when the control variables are equal to their average points.
When the control variables differ from their average points, the long run effect of the real GDP
growth on the youth men unemployment rate is equal to -6.0%20 and is equal to -4.6%21 for
the youth women unemployment rate. Once again, the variation of the control variables from

18The F-test of joint significance tests the null hypothesis that : δ1 = δ2 = δ3 = δ4 = δ5 = 0 against the
alternative hypothesis that : δ1 6= 0 and/or δ2 6= 0 and/or δ3 6= 0 and/or δ4 6= 0 and/or δ5 6= 0.

19The long run effect of the real GDP growth when the control variables differ from their average points
is obtained by summing δ1, δ2, δ3, δ4 and δ5 from column (1) of Table 3. Furthermore, the F-test of joint
significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant at 2% level (p-value = 0.0181).

20In column (2) of Table 3, the F-test of joint significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant
at 1% level (p-value = 0.0026).

21In column (3) of Table 3, the F-test of joint significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant
at 5% level (p-value = 0.0486).
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their average points does not considerably modify the long run effect of the real GDP growth
on the youth men and youth women unemployment rates.
One of the objectives remains to know if the long run coefficients at the average point of the
youth men and youth women are significantly different from one another or not. In this pur-
pose, a Wald test for equality of coefficients has been carried out and reported in column (1)
on Table 6. This test tells that the long run coefficient at the average point of the youth men
unemployment rate is not significantly different from the youth women unemployment rate
(p-value = 0.11). Consequently, for the youth, the variation of the real GDP growth on the
unemployment rate does not have differentiated impact whether it is a man or a woman.

Thereafter, Table 4 shows the results obtained when estimating the substituted model (equa-
tion (4)) for the adult unemployment rate and for the adult men and adult women unemploy-
ment rates. Such as for Table 3, the long run coefficients at the average point (δ1) for the three
estimated models are negative and highly significant, which verified the evidence of Okun’s
law. First of all, from column (1) of Table 4, it is found that a permanent one percentage point
increase of the real GDP growth implies a 7.19% decrease of the adult unemployment rate
when the adult labour force participation rate, the adult part-time employment rate, the adult
temporary contract and the employment rate in industry are equal to their average points.
When the control variables differ from their average points, the long run effect of the real GDP
growth on the adult unemployment rate is equal to -7.5%22. Therefore, the variation of the
control variables from their average points does not significantly modify the long run effect of
the real GDP growth on the adult unemployment rate.
Then, Table 4 reports the long run effect at the average point of the real GDP growth on
the adult men and adult women unemployment rates (column (2) and column (3)). These
estimated results show that the adult men unemployment rate is significantly more sensitive
to the real GDP growth than the adult women unemployment rate. Indeed, the Wald test
for equality of coefficients (see column (2) in Table 6) reports that the long run coefficient
at the average point of the adult men unemployment rate is significantly different from the
adult women unemployment rate at 5% level (p-value = 0.0350). In this case, a permanent
one percentage point increase of the real GDP growth implies a 8.05% decrease of the adult
men unemployment rate when all the control variables are equal to their average points, while
a permanent one percentage point increase of the real GDP growth implies a 6.17% decrease
of the adult women unemployment rate when the control variables are equal to their average
points. When the control variables differ from their average points, the long run effect of the
real GDP growth on the adult men unemployment rate is equal to -8.7%23 and is equal to
-6.3%24 for the adult women unemployment rate.
All in all, the adult men unemployment rate is more sensitive to business cycles than the adult
women unemployment rate. These results are in connection with the existing literature which
reveals a greater sensitivity of the unemployment rate of males to the real GDP growth than
the one of females. Indeed, Zanin (2014) has explored the relationship between the real GDP
growth and the men and women unemployment rates and has found that in absolute term
the size of Okun’s coefficient is greater for men than for women. In the same perspective,
Brincikova and Darmo (2015) have highlighted by using a sample of 28 European countries
for the period 2000 to 2013 that the unemployment rate of males is more sensitive to busi-

22The long run effect of the real GDP growth when the control variables differ from their average points
is obtained by summing δ1, δ2, δ3, δ4 and δ5 from column (1) of Table 4. Furthermore, the F-test of joint
significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant at 1% level (p-value = 0.002).

23In column (2) of Table 4, the F-test of joint significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant
at 1% level (p-value = 0.00).

24In column (3) of Table 4, the F-test of joint significance shows that δ1, δ2, δ3, δ4 and δ5 are jointly significant
at 1% level (p-value = 0.0084).
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ness cycles than the unemployment rate of females. These results are not so surprising since
men are typically employed in sectors very sensitive to trade cycles (such as industrial sectors)
than women who are often employed in steady sectors (such as health care or education sectors).

The other objective of this research is to evaluate the sensitivity of the youth and adult
unemployment rates to business cycles and to know which of the two is more sensitive to the
real GDP growth. When comparing the long run coefficients at the average point of the youth
unemployment rate and adult unemployment rate by computing a Wald test for equality of
coefficients, it is found that the coefficient of the youth unemployment rate is not significantly
different from the coefficient of the adult unemployment rate (see column (1) in Table 5).
Therefore, the youth unemployment rate is not significantly more sensitive to the real GDP
growth than the adult unemployment rate. These results are somewhat surprising compared to
the existing literature. Indeed, as shown previously in the literature review, most of econometric
studies have shown that the youth unemployment rate is more sensitive to the real GDP growth
than the adult unemployment rate. This difference in result is explained by the fact that in this
paper the long run effect at the average point of the real GDP growth on the unemployment
rate is in relative term (the dependent variable is in logarithm), while the literature presents
their results in absolute term. However, as already explained in the methodology section, the
logarithm of the dependent variable is taken because of the non-linear relationship between the
unemployment rate and the real GDP growth that has been highlighted first by Virén (2001)
and later by other authors such as Jardin and Stephan (2011). Consequently, by using the
logarithm of the dependent variable to account for the non-linear relationship of Okun’s law,
this paper yields a very different picture. As a matter of fact, this paper highlights that the
youth unemployment rate is not significantly more sensitive to business cycles than the adult
unemployment rate.
This no difference of sensitivity to business cycles between youth and adult unemployment
rates can be viewed by looking at the youth-adult unemployment ratio. This ratio is computed
by dividing the youth unemployment rate by the adult unemployment rate and it measures
if youth or adults are experimenting greater difficulties in the labour market. If this ratio
increases, it means that youth suffer disproportionately to adults. Figure 10 shows the youth-
adult unemployment ratio for the 28 European Union countries from 2000 to 2017. In the
EU-28, on average, the youth unemployment rate is more than twice the adult unemployment
rate. Over the period, a slight decrease of the youth-adult unemployment ratio is observed
in 2008 which implies that at that time the adult unemployment rate increased more quickly
than the youth unemployment rate. Therefore, the youth unemployment rate has not been
more affected by the 2008 financial crisis than the adult unemployment rate when looking
at the youth-adult unemployment ratio. Moreover, the youth-adult unemployment ratio has
been relatively stable over time which indicates that young people have not suffered unequally
compared to adults in the labour market.
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Figure 10: Youth-adult unemployment ratio in EU-28 from 2000 to 2017

Source: Own elaboration with data from ILOSTAT.
Notes: Evolution of the youth-adult unemployment ratio in the 28 European Union countries for the period
2000 to 2017. The youth-adult unemployment ratio is computed by dividing the youth unemployment rate by
the adult unemployment rate. This ratio measures if youth or adults are experimenting greater difficulties in

the labour market. If this ratio increases, it means that youth suffer disproportionately to adults.

Finally, after the comparison between the youth and adult unemployment rates, it might be
interesting to compare Okun’s coefficients by gender groups. Therefore, a Wald test for equality
of coefficients has been carried out between age cohorts and gender groups. The results are
presented in column (2) and (3) of Table 5. First of all, it is found that the long run coefficients
at the average point of the youth men unemployment rate and adult men unemployment rate
are significantly different at 10% level (p-value = 0.0861). Thus, in relative term, the adult men
unemployment rate is significantly more sensitive to the real GDP growth than the youth men
unemployment rate. Once again this result is different from the one exposed in the literature,
which generally highlights the greater sensitivity of the youth unemployment rate to business
cycles than the adult unemployment rate. Thereafter, the long run coefficient at the average
point of the youth women unemployment rate is not significantly different from the adult women
unemployment rate (p-value = 0.3990). Consequently, the youth women unemployment rate is
not significantly more sensitive to the real GDP growth than the adult women unemployment
rate.

To sum up, this empirical analysis has first confirmed the existence of a negative relationship
between the unemployment rate and the real GDP growth for every age cohorts and gender
groups. As an additional insight, the greater sensitivity of the adult men unemployment rate
to business cycles compared to the adult women unemployment rate has been confirmed. This
greater sensitivity can be explained by the fact that men are typically more employed in sectors
that are sensitive to business cycles than women. Finally, contrary to previous studies that put
forward the higher sensitivity of the youth unemployment rate to business cycles compared to
the adult unemployment rate, this empirical study shows that Okun’s coefficients for youth and
adults are not significantly different. This implies that the youth unemployment rate is not
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significantly more sensitive to business cycles than the adult unemployment rate.

Table 3: Regression Results, Equation (4) - Youth unemployment rate

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0546∗∗∗ -0.0624∗∗∗ -0.0471∗∗∗
(0.0165) (0.0162) (0.0183)

GDP_youth labour force (δ2) -0.0018 -0.0013 -0.0029∗∗
(0.0012) (0.0010) (0.0014)

GDP_youth part time (δ3) 0.0014 0.0018 0.0017
(0.0011) (0.0011) (0.0012)

GDP_youth temporary (δ4) -0.0002 -0.0007 -0.0002
(0.0005) (0.0006) (0.0005)

GDP_employment industry (δ5) 0.0025 0.0032∗∗ 0.0019
(0.0015) (0.0015) (0.0016)

Observations 497 470 464
Countries 28 28 28
Adjusted R− squared 0.6032 0.6474 0.4869

F-test statistic 3.33 4.88 2.61
p-value 0.0181 0.0026 0.0486

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the youth (men, women) labour force
participation rate, the youth (men, women) part-time employment rate, the youth (men ,women) temporary
contract and the employment rate in industry are equal to their average points. The long run effect of the real
GDP growth when the control variables differ from their average points is equal to δ1+δ2+δ3+δ4+δ5.
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Table 4: Regression Results, Equation (4) - Adult unemployment rate

Adult unemployment rate Adult men unemployment rate Adult women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0719 ∗∗∗ -0.0805∗∗∗ -0.0617∗∗∗
(0.0169) (0.0135) (0.0169)

GDP_adult labour force (δ2) -0.0007 -0.0026 -0.0004
(0.0018) (0.0021) (0.0010)

GDP_adult part time (δ3) -0.0009 -0.0013 -0.0009∗
(0.0010) (0.0032) (0.0005)

GDP_adult temporary (δ4) -0.0033∗ -0.0050∗∗∗ -0.0013
(0.0019) (0.0018) (0.0019)

GDP_employment industry (δ5) 0.0014 0.0016 0.0005
(0.0012) (0.0012) (0.0014)

Observations 496 497 496
Countries 28 28 28
Adjusted R− squared 0.6604 0.7285 0.5673

F-test statistic 5.10 9.53 3.92
p-value 0.002 0.00 0.0084

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the adult (men, women) labour force
participation rate, the adult (men, women) part-time employment rate, the adult (men ,women) temporary
contract and the employment rate in industry are equal to their average points. The long run effect of the real
GDP growth when the control variables differ from their average points is equal to δ1+δ2+δ3+δ4+δ5.

Table 5: Wald test for equality of coefficients

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

Adult unemployment rate 0.2216

Adult men unemployment rate 0.0861

Adult women unemployment rate 0.3990

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.
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Table 6: Wald test for equality of coefficients

Youth men unemployment rate Adult men unemployment rate
(1) (2)

Youth women unemployment rate 0.11

Adult women unemployment rate 0.0350

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.
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5 Robustness checks
In empirical studies, in order to check the structural validity of an econometric model,

researchers usually examine how the regression coefficient estimates respond when some regres-
sors are added or removed from the econometric model. In the case when the coefficients are
reasonable and robust, it is understood as a proof of structural validity (Lu & White, 2014). As
a first step, the importance of adding the lagged variables of the real GDP growth and the other
control variables (the labour force participation rate, the part-time employment rate, the share
of temporary contract and the employment rate in industry) in the econometric model is dis-
cussed. Then, because Greece and Spain have known a higher increase of their youth and adult
unemployment rates between 2007 and 2013 compared to other European countries, they can
be seen as outliers and might have influenced the results obtained. Therefore, the substituted
model (equation(4)) is estimated once again but this time without Greece and Spain in the
panel data. Finally, in 2005, there was a revision of the data collection of the European labour
force survey that might have introduced breaks in the unemployment series. Consequently, as
a robustness check, the year 2005 is dropped from the sample and a new estimation of the
substituted model (equation (4)) is realized.

5.1 Importance of the lagged variables of the real GDP growth and
the other control variables in the econometric model

In order to justify the presence of the lagged variables of the real GDP growth and the other
control variables in the baseline model, a technique which compares the forecast errors of the
baseline model (equation (3)) and the restricted model (equation (6))25 is used. This technique
in the first step, predicts the unemployment rates for both models (baseline and restricted
models). Then, as a mean of computing the forecast errors, the actual unemployment rates are
compared to the predicted rates. Finally, a comparison of the forecast errors of the baseline
and the restricted models is undertaken.

Table 7 and 8, respectively report the forecast errors of the baseline and the restricted models.
First, the forecast errors of the youth (men and women) unemployment rates are higher than
the forecast errors of the adult (men and women) unemployment rates. This implies that
the baseline model predicts better the adult (men and women) unemployment rates than the
youth (men and women) unemployment rates. However, what is interesting is the downward
or upward movement of the forecast errors when the lagged and the control variables are added
to the econometric model. Such as for the youth (men and women) as for the adult (men
and women) unemployment rates, the forecast errors decrease when the lagged and the control
variables are added to the econometric model (compare the forecast errors of Table 7 and 8).
Consequently, the lagged and the control variables are important in the econometric model
because their presence reduces the forecast errors. That is why the baseline model (equation
(3)) is used instead of the restricted model (equation (6)). Furthermore, the inclusion of the
lagged variables of the real GDP growth, the labour force participation rate, the part-time
employment rate, the share of temporary contract and the employment rate in industry in the
econometric model did not change the sign and the significance of the real GDP growth variable
(β2)26. Thus, the impact of the real GDP growth on the unemployment rate remains negative

25The restricted model (equation (6)) is a model which does not contain the lagged and the control variables
and is expressed as follows :

log(yit) = β1 + β2GDPit + ∂t + αi + εit (6)

26Compare the sign and the significance of the coefficient β2 of Table B from Appendix 9.3 and Table D from
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and significant for the baseline and the restricted model which advice the robustness of the
results found.

Table 7: Forecast errors of the baseline model (equation (3))

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate

45.688 62.112 31.639

Adult unemployment rate Adult men unemployment rate Adult men unemployment rate

2.725 3.359 3.206

Source: Own elaboration with data from ILOSTAT.
Notes: Table 7 reports the forecast errors of the baseline model. The forecast errors are computed by comparing
the actual unemployment rates to the predicted unemployment rates.

Table 8: Forecast errors of the restricted model (equation (6))

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate

49.502 65.583 34.739

Adult unemployment rate Adult men unemployment rate Adult men unemployment rate

3.659 3.469 3.935

Source: Own elaboration with data from ILOSTAT.
Notes: Table 8 reports the forecast errors of the restricted model. The forecast errors are computed by comparing
the actual unemployment rates to the predicted unemployment rates.

Appendix 9.4 for the youth unemployment rate. For the adult unemployment rate, compare the sign and the
significance of the coefficient β2 of Table C from Appendix 9.3 and Table E from Appendix 9.4.
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5.2 Greece and Spain seen as outliers

Greece and Spain have known a higher increase of their youth and adult unemployment
rates between the year 2007 and 2013 (see Figure 2 and Figure 3) compared to the other EU
countries. These two countries can be seen as outliers and might have influenced the results
obtained in the empirical results section. That is why for the purpose of verifying the robustness
of the results found, the substituted model (equation (4)) is estimated once again by removing
this time Greece and Spain from the sample. Table 9 and 10 report the long run effect of the
real GDP growth at the average point (δ1) for the youth (men, women) unemployment rate
and the adult (men, women) unemployment rate. First of all, such as the results obtained in
the empirical results section (see Table 3 and Table 4), the long run coefficients at the average
point are negative and highly significant which verified the evidence of Okun’s law (see Table
9 and Table 10). Then, the main finding that the youth unemployment rate is not significantly
more sensitive to business cycles than the adult unemployment rate remains27 (see column (1)
of Table F in Appendix 9.5). Finally, it is confirmed that the adult men unemployment rate is
significantly more sensitive to business cycles than the adult women unemployment rate28 (see
column (2) of Table G in Appendix 9.5). To sum up, the maintenance of the findings when
removing Greece and Spain from the sample suggests the robustness of the results found in the
empirical results section.

Table 9: Regression Results, Equation (4) - Youth unemployment rate - Without Greece and
Spain

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0582∗∗∗ -0.0656 ∗∗∗ -0.0508∗∗∗
(0.0174) (0.0171) (0.0191)

Observations 461 434 428
Countries 26 26 26
Adjusted R− squared 0.5718 0.6050 0.4869

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the youth (men, women) labour force
participation rate, the youth (men, women) part-time employment rate, the youth (men ,women) temporary
contract and the employment rate in industry are equal to their average points.

27In column (1) of Table F in Appendix 9.5, the p-value of the Wald test for equality of coefficients is equal
to 0.2082, which means that the long run coefficient at the average point of the youth unemployment rate is
not significantly different from the long run coefficient at the average point of the adult unemployment rate.

28In column (2) of Table G in Appendix 9.5, the p-value of the Wald test for equality of coefficients is equal
to 0.07, which means that the long run coefficient at the average point of the adult men unemployment rate
is significantly different at 10% level from the long run coefficient at the average point of the adult women
unemployment rate.
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Table 10: Regression Results, Equation (4) - Adult unemployment rate - Without Greece and
Spain

Adult unemployment rate Adult men unemployment rate Adult women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0758∗∗∗ -0.0807∗∗∗ -0.0671∗∗∗
(0.0174) (0.015) (0.0175)

Observations 460 461 460
Countries 26 26 26
Adjusted R− squared 0.63 0.6868 0.5570

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the adult (men, women) labour force
participation rate, the adult (men, women) part-time employment rate, the adult (men ,women) temporary
contract and the employment rate in industry are equal to their average points.

5.3 Revision of the data collection of the European labour force sur-
vey

In 2005, a revision of the data collection of the European labour force survey has been
realized. Consequently, this revision in methodology might have introduced breaks in the
unemployment series and might have influenced the results obtained in section 4. For this
reason, the year 2005 is dropped from the sample as a robustness check. Table 11 and 12
report the long run effect of the real GDP growth at the average point (δ1) for the youth (men,
women) unemployment rate and the adult (men, women) unemployment rate. The sign and
the significance of the coefficients are equal to the results obtained in section 4 (see Table 3 and
4). In addition, the main finding that the youth unemployment rate is not significantly more
sensitive to the real GDP growth than the adult unemployment rate still stands29 (see column
(1) of Table H in Appendix 9.6). Furthermore, the fact that the adult men unemployment rate
is significantly more sensitive to business cycles than the adult women unemployment rate is
confirmed30 (see column (2) of Table I in Appendix 9.6). In short, the removal of the year 2005
of the sample did not lead to any change in the main findings. Consequently, it suggests the
robustness of the results obtained in the empirical results section.

29In column (1) of Table H in Appendix 9.6, the p-value of the Wald test for equality of coefficients is equal
to 0.2618, which means that the long run coefficient at the average point of the youth unemployment rate is
not significantly different from the long run coefficient at the average point of the adult unemployment rate.

30In column (2) of Table I in Appendix 9.6, the p-value of the Wald test for equality of coefficients is equal
to 0.0549, which means that the long run coefficient at the average point of the adult men unemployment
rate is significantly different at 5% level from the long run coefficient at the average point of the adult women
unemployment rate.

40



Table 11: Regression Results, Equation (4) - Youth unemployment rate - Without year 2005

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0543∗∗∗ -0.0619∗∗∗ -0.0469∗∗∗
(0.0169) (0.0167) (0.0186)

Observations 469 444 438
Countries 28 28 28
Adjusted R− squared 0.6025 0.6462 0.4865

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the youth (men, women) labour force
participation rate, the youth (men, women) part-time employment rate, the youth (men ,women) temporary
contract and the employment rate in industry are equal to their average points.

Table 12: Regression Results, Equation (4) - Adult unemployment rate - Without year 2005

Adult unemployment rate Adult men unemployment rate Adult women unemployment rate
(1) (2) (3)

GDP (δ1) -0.0716∗∗∗ -0.0799∗∗∗ -0.0621∗∗∗
(0.0172) (0.0134) (0.0171)

Observations 468 469 468
Countries 28 28 28
Adjusted R− squared 0.658 0.7277 0.5640

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level.
The coefficient (δ1) is the long run effect of the real GDP growth when the adult (men, women) labour force
participation rate, the adult (men, women) part-time employment rate, the adult (men ,women) temporary
contract and the employment rate in industry are equal to their average points.
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6 Discussion and policy recommendations
In this section, first, a restatement of the most important findings is realized. Then, the

limitations of the empirical study are discussed. Finally, some recommendations for future re-
search as well as some policy recommendations with the aim of fighting against unemployment
are presented.

First of all, from this paper, three main findings can be highlighted. This empirical analysis
has first confirmed the existence of a negative relationship between the unemployment rate
and the real GDP growth for every age cohorts and gender groups in European countries. In
other words, this paper agrees with the validity of Okun’s law in European countries. Then,
the greater sensitivity of the adult men unemployment rate to business cycles compared to the
adult women unemployment rate has been confirmed. In particular, it has been found that a
permanent one percentage point increase of the real GDP growth implies a 8.05% decrease of
the adult men unemployment rate, while the adult women unemployment rate only decreases
by 6.17%. This greater sensitivity of the adult men unemployment rate to business cycles com-
pared to the adult women unemployment rate led to a consensus in all existing econometric
analysis. Indeed, Zanin (2014), Hutengs and Stadtmann (2014) and Brincikova and Darmo
(2015) have all found that the sensitivity of the men unemployment rate to business cycles is
greater than that of women. Some of them explained this phenomena by the higher presence
of labour market segregation. In order words, men unemployment is more sensitive to business
cycles than women unemployment, because men are more employed in sectors that are more
sensitive to trade cycles than women (Zanin, 2014). Finally, this empirical study highlights
that the youth unemployment rate is not significantly more sensitive to business cycles than
the adult unemployment rate. This result contrasts with the main findings issued from the
literature which stated that young people are more sensitive to business cycles than their older
peers. Actually, the existing empirical research (see, for instance, Dixon et al., 2016 ; Dunsch,
2017 ; Hutengs & Stadtmann, 2013) have studied the sensitivity of the youth and adult unem-
ployment rates to business cycles in absolute term. Whereas this econometric analysis studies
the sensitivity of the youth and adult unemployment rates in relative term in order to take
into account the non-linearity of Okun’s curve. Consequently, by using the logarithm of the
dependent variable to account for the non-linear relationship of Okun’s law, this paper yields
a very different picture. In addition, this no difference of sensitivity to business cycles between
youth and adult unemployment rates is confirmed by the relatively stable evolution over the
studied period of the youth-adult unemployment ratio. Indeed, in section 4, it has been shown
graphically that the youth-adult unemployment ratio has been relatively stable over the studied
period which indicates that young people have not suffered unequally compared to adults in
the labour market.

Then, a verification of the robustness of the results found in section 4 has been performed
and confirmed in section 5. First, by looking at the importance of adding some control variables
in the econometric model, and then, by modifying the sample used by removing some countries
and years. However, like any empirical study, there are some limitations that turn out to be
important to reveal. First of all, one of the limitations of this empirical analysis is the limited
number of observations. Indeed, this paper takes data of European countries for the period 2000
to 2017. Consequently, the results found hold for European countries but cannot be extended
to other non European countries. Nevertheless, as explained in section 3, for a reason of com-
parability across countries, only European countries are used in this paper. Next, the lack of
some other control variables in the econometric model can be seen as another limitation of the
empirical study. Through literature, some economists have provided empirical evidence on the
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connection between the labour market institutions and the unemployment rate. First, Adams
and Coe (1990) and Scarpetta (1996) have included the trade union density rate31 as control
variable and have found a positive relationship between the trade union density rate and the
unemployment rate, while this positive relationship has not been confirmed by Bassanini and
Duval (2009) who have not found any statistically significant relationship between these two
variables. Then, some researchers have included a measure of employment protection as control
variable. Once again in this case the results are contradictory. On the one hand, Scarpetta
(1996) has found a positive relationship between the unemployment rate and the employment
protection, while on the other hand, Bassanini and Duval (2009) and Vandenberg (2010) did
not discover any statistically significant relationship between the unemployment rate and the
employment protection. Many other components of the labour market institutions have been
included as control variables and have displayed a relationship with the unemployment rate
such as the tax wedge (see, for instance, Bassinini & Duval, 2009 ; Scarpetta, 1996), the terms
of trade (Scarpetta, 1996) and the minimum wage (Adams & Coe, 1990).
In particular, in this paper, these variables have not been included as control variables in the
econometric model because of, on the one hand, the unavailability of data and on the other
hand, because of the non-comparability of these variables between countries. For instance,
the trade union density rate was not available for all European countries in the International
Labour Organization database and moreover, the available data were not comparable due to a
difference of definition across countries. Consequently, the second limitation of this empirical
study is the omission of relevant control variables that can induce a biased estimate of model
parameters.

Finally, regarding the econometric model used in this paper, a first recommendation for
future research could be the introduction of other control variables such as the trade union
density rate and the employment protection as in Scarpetta (1996) and Bassanini and Duval
(2009) in order to avoid the possibility of having biased results due to the omission of relevant
control variables. Then, a second recommendation could be the study of Okun’s law by age
cohorts and gender groups by looking at the five regions of EU countries separately (the Conti-
nental region, the Northern region, the Anglo-Saxon region, the Southern region and the New
Member State region). As a matter of fact, the variations of the unemployment rate and the
real GDP growth over time have not been similar between the European regions. Therefore,
the results found might be different for each European region.
In a nutshell, this paper has confirmed the existence of a negative relationship between the
unemployment rate and the real GDP growth for every age cohorts and gender groups in Euro-
pean countries. Therefore, in order to fight against unemployment any policy recommendation
should regard GDP growth. As stated by Hutengs and Stadtmann (2014), all policies that will
not regard GDP growth will probably fail to reduce youth unemployment problem in Europe.
Moreover, Pastore (2015) claimed that without economic growth no other youth policy can ever
be efficient. Which means that all actions proposed by the European Commission in its Europe
2020 strategy to fight the long-term unemployment and to help young people to come in the
labour market will contribute to future reduction of the unemployment rate if the economic
growth is taken into account in these policies. Moreover, from this empirical studies it can be
inferred that an increase in the economic growth will decrease the unemployment rate of young
people and adults and will result in a greater decline of the adult men unemployment rate than
the adult women unemployment rate.

31The trade union density rate is defined as the number of employees who are union members as a percentage
of the total number of employees (Hayter & Stoevska, 2011).
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7 Conclusion
Okun’s law has been investigated by numerous empirical studies and moreover has known

improvements and modifications over the years. In this paper, Okun’s law is reviewed in order
to, firstly, evaluate whether or not the youth unemployment rate is more sensitive to business
cycles than the adult unemployment rate. Secondly, in order to test the hypothesis that the men
unemployment rate is more sensitive to the business cycles than the women unemployment rate.
The empirical analysis is conducted using a panel dataset containing the 28 European Union
countries for the period 2000 to 2017. In order to estimate the sensitivity of the unemployment
rate to the real GDP growth by age cohorts and gender groups, a fixed effects model is used.
From this empirical analysis, three results can be highlighted. First, the existence of a negative
relationship between the unemployment rate and the real GDP growth for every age cohorts and
gender groups is revealed in European countries. Next, the hypothesis of a greater sensitivity
of the adult men unemployment rate has been confirmed. Finally, it has been found that the
youth unemployment rate is not significantly more sensitive to business cycles than the adult
unemployment rate. This paper offers two contributions to the literature, by first, using a non-
linear functional form to estimate the sensitivity of the unemployment rate to the real GDP
growth, and second, by introducing in the econometric model factors that might influence the
unemployment rate. To conclude, this paper provides an empirical evidence that an increase
in the economic growth will lead to a decrease in the unemployment rate of young people
and adults. And that in particular, a positive change of the economic growth will result in
a greater decline of the adult men unemployment than the adult women unemployment rate.
Consequently, in order to fight against unemployment any policy recommendation should take
into account GDP growth.
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9 Appendix

9.1 Summary statistics of dependent and independent variables

Table A: Summary statistics of dependent and independent variables

Variables Mean Standard deviation Minimum Maximum

Youth unemployment rate 20.20 9.83 4.4 58.3
Youth men unemployment rate 20.12 9.75 4.2 56.2
Youth women unemployent rate 20.37 10.52 4.5 63.8
Adult unemployment rate 7.86 4.16 1.4 26.9
Adult men unemployment rate 7.51 4.18 1.1 23.8
Adult women unemployment rate 8.33 4.52 1.9 30.9

Youth labour force participation rate 42.13 12.35 23.9 73.9
Youth men labour force participation rate 45.22 11.55 26.2 75.2
Youth women labour force participation rate 38.95 13.41 19.4 73.1
Adult labour force participation rate 84.81 4.43 64.2 91.9
Adult men labour force participation rate 91.47 2.67 82.4 95.9
Adult women labour force participation rate 78.12 8.60 33.5 90.3

Youth part-time employment rate 22.61 16.61 1 80
Youth men part-time employment rate 18.17 14.20 1.7 72.8
Youth women part-time employment rate 28.98 19.33 2 87.8
Adult part-time employment rate 12.14 8.82 1 43.6
Adult men part-time employment rate 4.74 2.86 0.7 17.4
Adult women part-time employment rate 21.15 16.70 1.3 74.2

Youth temporary contract 30.29 17.97 1.9 69
Youth men temporary contract 29.33 16.86 1.9 67.2
Youth women temporary contract 33.41 19.20 1.8 78.1
Adult temporary contract 7.77 5.01 0.5 26.2
Adult men temporary contract 6.8 4.58 0.6 23.8
Adult women temporary contract 8.97 5.81 0.4 29.5

Employment rate in industry 26.63 6.11 10.98 40.53

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
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9.2 Transformation from equation (3) to equation (4)

Development of the transformation from equation (3) to equation (4)

log(yit) = β1 + β2GDPit + β3GDPit−1 + β4GDPit−2 + β5GDPit−3 + β6x
1
it + β7x

2
it + β8x

3
it+

β9x
4
it

+ β10(GDPit ∗ x1it) + β11(GDPit−1 ∗ x1it) + β12(GDPit−2 ∗ x1it) + β13(GDPit−3 ∗ x1it)
+ β14(GDPit ∗ x2it) + β15(GDPit−1 ∗ x2it) + β16(GDPit−2 ∗ x2it) + β17(GDPit−3 ∗ x2it)
+ β18(GDPit ∗ x3it) + β19(GDPit−1 ∗ x3it) + β20(GDPit−2 ∗ x3it) + β21(GDPit−3 ∗ x3it)
+ β22(GDPit ∗ x4it) + β23(GDPit−1 ∗ x4it) + β24(GDPit−2 ∗ x4it) + β25(GDPit−3 ∗ x4it)

+ ∂t + αi + εit

The long run effect of the real GDP growth on the unemployment rate is equal to:
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+ (β5 + β13x
1
it + β17x

2
it + β21x
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This can be rewrite as:

(β2 + β3 + β4 + β5)
+ (β10 + β11 + β12 + β13)x1it
+ (β14 + β14 + β16 + β17)x2it
+ (β18 + β19 + β20 + β21)x3it
+ (β22 + β23 + β24 + β25)x4it

Then, each part is defined as:

δ1 = (β2 + β3 + β4 + β5)
δ2 = (β10 + β11 + β12 + β13)
δ3 = (β14 + β14 + β16 + β17)
δ4 = (β18 + β19 + β20 + β21)
δ5 = (β22 + β23 + β24 + β25)

By substitution equation (4) is obtained:

log(yit) = β1+ δ1GDPit + β3(GDPit−1 −GDPit) + β4(GDPit−2 −GDPit) +
β5(GDPit−3 −GDPit) + β6x

1
it + β7x

2
it + β8x

3
it + β9x

4
it

+ δ2(GDPit ∗ x1it) + β11((GDPit−1 −GDPit) ∗ x1it) + β12((GDPit−2 −GDPit) ∗ x1it)
+ β13((GDPit−3 −GDPit) ∗ x1it)

+ δ3(GDPit ∗ x2it) + β15((GDPit−1 −GDPit) ∗ x2it) + β16((GDPit−2 −GDPit) ∗ x2it)
+ β17((GDPit−3 −GDPit) ∗ x2it)

+ δ4(GDPit ∗ x3it) + β19((GDPit−1 −GDPit) ∗ x3it) + β20((GDPit−2 −GDPit) ∗ x3it)
+ β21((GDPit−3 −GDPit) ∗ x3it)

+ δ5(GDPit ∗ x4it) + β23((GDPit−1 −GDPit) ∗ x4it) + β24((GDPit−2 −GDPit) ∗ x4it)
+ β25((GDPit−3 −GDPit) ∗ x4it)

+ ∂t + αi + εit
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9.3 Empirical results: Baseline model

Table B: Regression Results, Equation (3) - Youth unemployment rate

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

GDP (β2) -0.0167∗∗ -0.0206∗∗∗ -0.0123∗
(0.0066) (0.0070) (0.0072)

GDPt−1 (β3) -0.0102∗∗ -0.0133∗∗ -0.0062
(0.0045) (0.0051) (0.0048)

GDPt−2 (β4) -0.0166∗∗∗ -0.0203∗∗∗ -0.0136∗∗∗
(0.0048) (0.0054) (0.0046)

GDPt−3 (β5) -0.0109 -0.0081 -0.0149∗∗
(0.0072) (0.0079) (0.0068)

Observations 497 470 464
Countries 28 28 28
Adjusted R− squared 0.6032 0.6474 0.4869

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level. The
long run effect of the real GDP growth at the average point is equal to β2+β3+β4+β5. From column (1), the
long run effect of the real GDP growth at the average point on the youth unemployment rate is equal to -5.46%.
From column (2) and (3) the long run effect of the real GDP growth at the average point on the youth men
unemployment rate is equal to -6.24%, while it is equal to -4.71% for the youth women unemployment rate.

Table C: Regression Results, Equation (3) - Adult unemployment rate

Adult unemployment rate Adult men unemployment rate Adult women unemployment rate
(1) (2) (3)

GDP (β2) -0.0173∗∗ -0.0276∗∗∗ -0.0091
(0.0082) (0.0079) (0.0070)

GDPt−1 (β3) -0.0150∗∗∗ -0.0182∗∗∗ -0.0113∗∗
(0.0040) (0.0043) (0.0043 )

GDPt−2 (β4) -0.0178∗∗∗ -0.0177∗∗∗ -0.0209∗∗∗
(0.0051) (0.0047) (0.0055)

GDPt−3 (β5) -0.0218∗∗∗ -0.0169∗∗ -0.0204∗∗∗
(0.0070) (0.0069) (0.0061)

Observations 496 497 496
Countries 28 28 28
Adjusted R− squared 0.6604 0.7285 0.5673

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level. The
long run effect of the real GDP growth at the average point is equal to β2+β3+β4+β5. From column (1), the
long run effect of the real GDP growth at the average point on the adult unemployment rate is equal to -7.19%.
From column (2) and (3), the long run effect of the real GDP growth at the average point on the adult men
unemployment rate is equal to -8.05%, while it is equal to -6.17% for the adult women unemployment rate.
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9.4 Robustness check: Importance of the lagged variables of the real
GDP growth and the other control variables in the econometric
model

Table D: Regression Results, Equation (6) - Youth unemployment rate

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

GDP (β2) -.0192∗∗ -0.0257∗∗∗ -.0116∗
(0.0079) (0.0086) (0.0078)

Observations 502 502 502
Countries 28 28 28
Adjusted R− squared 0.2674 0.2994 0.2009

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level. The
effect of the real GDP growth on the youth (men, women) unemployment rate is equal to β2.

Table E: Regression Results, Equation (6) - Adult unemployment rate

Adult unemployment rate Adult men unemployment rate Adult women unemployment rate
(1) (2) (3)

GDP (β2) -0.0209∗∗ -0.0275∗∗∗ -0.014∗
(0.0082) (0.0099) (0.0072)

Observations 502 502 502
Countries 28 28 28
Adjusted R− squared 0.2322 0.2771 0.1686

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: Robust standard errors in parentheses. Significance at ∗ 10% level, ∗∗ 5% level and ∗∗∗ 1% level. The
effect of the real GDP growth on the adult (men, women) unemployment rate is equal to β2.
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9.5 Robustness check: Greece and Spain seen as outlier

Table F: Wald test for equality of coefficients - Without Greece and Spain

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

Adult unemployment rate 0.2082

Adult men unemployment rate 0.1568

Adult women unemployment rate 0.3454

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.

Table G: Wald test for equality of coefficients - Without Greece and Spain

Youth men unemployment rate Adult men unemployment rate
(1) (2)

Youth women unemployment rate 0.15

Adult women unemployment rate 0.07

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.
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9.6 Robustness check: Revision of the data collection of the European
labour force survey

Table H: Wald test for equality of coefficients - Without year 2005

Youth unemployment rate Youth men unemployment rate Youth women unemployment rate
(1) (2) (3)

Adult unemployment rate 0.2618

Adult men unemployment rate 0.1070

Adult women unemployment rate 0.4039

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.

Table I: Wald test for equality of coefficients - Without year 2005

Youth men unemployment rate Adult men unemployment rate
(1) (2)

Youth women unemployment rate 0.1398

Adult women unemployment rate 0.0549

Source: Own elaboration with data from ILOSTAT, Eurostat and IMF.
Notes: The figures are the p-values of the Wald test for equality of coefficients.
The Wald test for equality of coefficients allows to test whether coefficients are significantly different or not.
The null hypothesis tells that the coefficients are not significantly different.
Therefore, if the null hypothesis is rejected the coefficients are significantly different.
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