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In this  paper  we present  evidence  on the  association  between  unemployment  and  output  in  the  G7
economies,  which  has  direct  implications  for  the  validity  of  Okun’s  law.  Specifically,  we  investigate  depen-
dence  and  asymmetry  between  the residuals  of the  output  and  unemployment  first  difference  equations
using  the  copula  methodology.  We  find  that dependence  between  GDP  and  unemployment  disturbances
is  strong  only  in USA  and  France  followed  by Canada,  the UK and  Germany.  There is no  dependence  in
Italy  and Japan.  This  enhances  the  validity  of  Okun’s  law  in the former  countries  without  invalidating  it
in Italy  and  Japan,  since  there  is  still  a  negative  relationship  given  by  the  systematic  part  of the  output-
unemployment  difference  equations  estimates.  Also,  there  is  asymmetry  in the  former  five countries.
Output  disturbances  are  associated  with  unemployment  ones  only  during  recessions,  while  they are
completely  disentangled  throughout  contractions  in  the  US, France,  Canada,  the  UK  and  Germany.  These
findings  imply  that  USA  and  France,  and  less  so  Canada,  Great  Britain  and  Germany  provide  the  most
favorable  environment  for counter-cyclical  economic  policies.  In  these  economies,  policy  makers  should
react more  than  output-unemployment  dynamic  equations  dictate  in  case  of  output  slumps.  However,
during  recoveries  in these  countries  and  in Italy  as well  as  Japan  during  the  whole  business  cycle,  author-
Asymmetry ities  ought  to base  stabilization  policies  solely  on  the  systematic  part  of  the  relation  between  output  and
unemployment  changes.

Our  results  provide  guidance  to  policy  makers  in  addition  to  what  is suggested  by  traditional  empir-
ical  approaches,  which  focus  on the  estimation  of  the  deterministic  part of  the  output-unemployment
relationship.

© 2020  Board  of Trustees  of the  University  of  Illinois.  Published  by Elsevier  Inc.  All  rights  reserved.
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1. Introduction

The objective of this paper is to fully investigate for the first time
the association between the residuals of output and unemployment
first difference equations in terms of dependence and asymmetry
in the G7 countries shedding light into cross-country comparisons
between the world’s largest economies. The nature of this associa-
tion has direct and important implications for Okun’s law and the
conduct of economic policy.

The term Okun’s law refers to the empirical regularity according
to which a negative relationship exists between cyclical unemploy-
ment and cyclical output or unemployment changes and output
changes. In particular, using quarterly US data, Okun stated “In
the postwar period, on the average, each extra percentage point

in the unemployment rate above four percent has been associated
with about a three percent decrement in real GNP” (Okun, 1962).
Except the theoretical importance of this regularity, since, com-
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ined with the Phillips curve, it gives the aggregate supply curve,
here is renewed interest on Okun’s law after the onset of the 2008
conomic crisis. This is related to a central puzzle regarding this
risis, i.e. that ensuing Great Recession there has been sluggish
mployment growth during recovery, so called “jobless recovery”
Chinn, Ferrara, & Mignon, 2013; Jaimovich & Siu, 2012; Stock &

atson, 2012). Essentially, the basic issue has been whether struc-
ural unemployment has risen in the wake of the Great Recession
nd generally if the correlation between unemployment and output
uctuations varies over time and across countries. This is impor-
ant for policy-makers in order to appraise the cost of lower output
rowth in terms of higher unemployment. Especially in monetary
nions, like the EMU, this knowledge is very important both for
entral banks regarding monetary policy assessment and member
ountries for the formulation of other economic policies, e.g. related
o their fiscal positions and labor markets.

The novelty of our work lies in that it is the first one to use the

opula methodology, which offers important advantages relative
o traditional empirical methods, to investigate the dependence as
ell as asymmetry between output and unemployment residuals in

he G7 economies. A copula links two marginal distributions into

c. All rights reserved.
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a joint distribution (Joe, 2014; Nelsen, 2007). It captures depen-
dence, because it contains all information on the joint distribution
of two or more variables not utilized by traditional empirical tech-
niques. Moreover, copulas are flexible in studying dependence
separately from marginal distributions with no need for assump-
tions on the relation between those distributions (Dowd, 2008).
So, we can fit different marginal distributions to different ran-
dom variables, while commonly used approaches require fitting the
same marginal distributions to all random variables. This implies
much greater modelling flexibility compared to standard multivari-
ate approaches, which is very useful, since different variables may
be characterized by different marginal distributions. Additionally,
using copulas we are able to examine all possible combinations
of (upper and lower) tail dependence, which is not feasible with
methods commonly applied in the literature. This is very important,
because the type of dependence of variables like unemployment
and output in Okun’s law may  be very different far away from
their central masses than close to them. For example, output and
unemployment may  be strongly correlated close to average val-
ues but weakly correlated in situations of high unemployment and
low output. Also, their dependence may  differ between the two
tails giving rise to asymmetry. Overall, copula methodology pro-
vides additional guidance to stabilization policy compared to the
rest of the literature, because it informs policy makers on whether
they should react more than the systematic part of the relationship
between unemployment and output dictates in the wake of distur-
bances in order to reduce the severity of business cycles. Thus, our
work contributes also to the literature on economic policy uncer-
tainty (Emre Ç ekin, Pradhan, Tiwari, & Gupta, 2019; Guo, Zhu, &
You, 2018)

As far as dependence between output and unemployment is
concerned, there is a very extensive literature, which supports
Okun’s law. However, there are important differences regarding
the magnitude of the Okun coefficient. These are due to model
specification (regarding the variables used and dynamic specifica-
tion), model estimation methodology, estimation methodology of
cyclical output and unemployment, sample period, data frequency,
stage of development of the countries studied and the choice of
regional versus national data (Perman, Stephan, & Tavéra, 2015).
A paper related to ours is Moosa (1997), who examines the G7
economies and finds that the Okun coefficient is highest in North
America and lowest in Japan and explains this evidence in terms
of differences in labor market characteristics. He also estimates a
rising absolute value of the coefficient over time due to labor mar-
ket reforms. The other two works, which are relevant to ours, are
Malley and Molana (2008) and Malley and Molana (2007), who con-
clude in favor of a persistent negative relationship between output
and unemployment only in Germany using data for G7 countries.
Ball, Leigh, and Loungani (2017) find that Okun’s Law is a strong
relationship in most countries, which is stable over time for the
US since 1948 and 20 advanced countries since 1980. They also
argue that the Okun coefficient varies substantially across coun-
tries reflecting special features of national labor markets. Dixon,
Lim, and van Ours (2017) reveal significant cross-country variations
in the Okun coefficient but also symmetry, i.e. positive and negative
output gaps have the same effects on unemployment in 20 OECD
countries over 1985–2013. Rahman and Mustafa (2017) show that
Okun’s Law is valid only for US and South Korea, while the evidence
is weaker for Canada, Finland, France, Japan, Italy, Netherlands,
New Zealand, Sweden, UK and Australia. However, it is invalid
for Germany in 1971–2013. Grant (2018) find that a given unem-
ployment gap has been associated with a smaller output gap since

the Great Recession in the US. Nebot, Beyaert, and García-Solanes
(2019) conclude that Okun’s coefficient for Germany, France and
the Netherlands is similar and quite low, whereas it is much higher
for Spain.
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Regarding the issue of asymmetry, at least two theoretical stud-
es (Gomme, 1999; Schettkat, 1996) suggest an asymmetric link
etween the relevant variables, i.e. that the relative change in
yclical unemployment depends on whether the output gap is pos-
tive (expansion) or negative (recession). At the empirical front,
esting for asymmetry is very important, because if we  ignore it
hen present, we  are led to misspecified models, which produces
oor forecasting and erroneous inference; thus it may lead to a
ejection of the null hypothesis that there exists a long-run relation-
hip between output and unemployment, when it actually exists,
esulting in false policy implications, especially for unemployment
olicy. In light of this, many empirical papers have tested and con-
rmed the presence of asymmetry. For example, Virén (2001) finds
hat output growth has a strong effect on unemployment when
nemployment is low and output is high, and vice versa for 20
ECD countries. Especially for the US, Cuaresma (2003) concludes

hat the contemporaneous effect of growth on unemployment is
symmetric and significantly higher in recessions than expansions.
lso, unemployment shocks tend to be more persistent in the
xpansionary regime. This is in line with Silvapulle, Moosa, and
ilvapulle (2004), who  find that cyclical unemployment is more
ensitive to negative compared to positive cyclical output using US
ata. Shin, Yu, and Greenwood-Nimmo (2014) find strong evidence
f long-run asymmetry, i.e. that unemployment is more sensi-
ive to busts than booms, applying the NARDL framework to the
nemployment-output relationship in the US, Canada and Japan.
oreover, particularly in Canada, they find dynamic asymmetries

ndicating that firms are quick to fire and slow to hire.
Recently, Valadkhani and Smyth (2015) conclude that the extent

f within-regime asymmetry is stronger than across-regime asym-
etry in the US. Moreover, Huang and Chang (2005) show that
kun coefficients differ remarkably across the business cycle, while
onfirming the validity of Okun’s law for Canada. Wang and Huang
2017) find that Okun’s coefficients are more negative in the low-
rowth regime, implying that the effect of output differences on
nemployment differences is asymmetric, i.e. more pronounced in
ecessions in the US over 1948:Q1–2016:Q4. Bournakis, Tsoukis,
hristopoulos, and Palivos (2017) identify two  regimes in Greece,

.e. unemployment declines more in response to output increases
nder the high growth (above 1%) regime than in the low
rowth (below 1%) regime. Arabaci and Arabaci (2018) show that
xpansions and contractions have asymmetric effects on cyclical
nemployment in Turkey. They identify an intermediate range of
utput gap, where cyclical unemployment does not decrease even
hough cyclical output is positive. Also, during recessions unem-
loyment rises more than it falls during expansions. Finally, Nebot
t al. (2019) estimate Okun’s relationship for four European coun-
ries (France, Germany, the Netherlands and Spain) and confirm the
xistence of two regimes in each country but different thresholds
cross countries. Okun’s relationship for Germany, France and the
etherlands is similar and different from Spain where it is much

teeper.
In our analysis, first we  investigate the stationarity and coin-

egration properties of the time series. Second, we  employ VAR
stimation of the unemployment and output differences for each
ountry separately, extract the residuals and test them for serial
orrelation, ARCH effects and normality. Third, we standardize the
esiduals and transform them to copula data, which are then tested
or independence and stability. Fourth, one copula model is selected
or the residuals of each country’s estimations out of a rich set of
7 copula models considered.

Regarding the results, first we  find that dependence of the resid-

als from the output and unemployment equations is relatively
trong in the United States and France followed by Canada, the
K and Germany. In Italy and Japan there is independence. Sec-
nd, we  uncover asymmetry in all former countries. Specifically,
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negative output disturbances are associated with positive unem-
ployment ones, while positive output disturbances are completely
disentangled from negative unemployment ones. Thus, the rela-
tionship between the stochastic part of the unemployment-output
equations differs across countries and within countries during the
business cycle. As a consequence, countries are ranked in decreas-
ing order in terms of effectiveness of stabilization policies in three
groups: (i) US, France; (ii) Canada, the UK and Germany; (iii) Italy
and Japan. So, in the former two country groups, policy makers
should follow more aggressive counter-cyclical policies than those
implied by the deterministic part of the output-unemployment
relations contrary to the latter two countries. Our findings are espe-
cially important for member states of a monetary union, like the
EMU, Germany, France and Italy in our sample, which lack inde-
pendent monetary policy instruments. The structure of the paper
is as follows. In Section 2, we analyze the empirical methodology
used for the study of dependence and asymmetry between out-
put and unemployment residuals and in Section 3 we describe the
data and empirical modelling. In Section 4, we present the results,
while in Section 5 we discuss the main findings. Finally, we out-
line conclusions and policy implications in Section 6. The Appendix
includes details on the findings.

2. Copulas, rank correlation and tail dependence

Copulas dates back to Sklar (1959), but only recently cop-
ula models have experienced widespread application in empirical
models of joint probability distributions (see Nelsen, 2007 for more
details). These models use a copula function, which links two
marginal probability functions that may  or may  not be related to
one another.

A two-dimensional copula, C(u1, u2), is a multivariate distribu-
tion function in the unit hypercube [0, 1]2 with uniform U(0, 1)
marginal distributions (Nelsen, 2007).1 As long as the marginal
distributions are continuous, a unique copula is associated with
the joint distribution, H, and is described by Eq. (1). This function
constitutes a form of the principal result of copula theory (Sklar’s
theorem). It is obtained as:

C(u1, u2) = H(H−1
1 (u1), H−1

2 (u2)) (1)

Similarly, given a two-dimensional copula, C(u1, u2), and two
univariate distributions, H1(x) and H2(x), Eq. (1) is a two-variate
distribution function with marginals H1(x) and H2(x), whose corre-
sponding density function can be written as:

h(x, y) = c(H1(x), H2(y))h1(x)h2(y) (2)

where the functions h1 and h2 are the densities of the distribution
functions H1 and H2 respectively.

The density function of the copula, C, given its existence, can be
derived using Eq. (1) and marginal density functions, hi:

c(u1, u2) = h(H−1
1 (u1), H−1

2 (u2))

h1(H−1
1 (u1))h2(H−1

2 (u2))
(3)
A rank based test of functional dependence is Kendall’s �. It
provides information on co-movement across the entire joint dis-
tribution function, both at the center and at the tails of it. It is

1 For simplicity we consider the bivariate case. The analysis, however, can be
extended to a p-variate case with p > 2.
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alculated from the number of concordant (PN) and disconcordant
QN) pairs of observations in the following way:

N = PN − QN(
N

2

) = 4PN

N(N − 1)
− 1 (4)

If a copula function (C) is known then � can be calculated as:

 = 1 − 4

∫ ∫
[0,1]2

∂C

∂u1

∂C

∂u2
du1 u2 (5)

Often, though, information concerning dependence at the tails
at the lowest and the highest ranks) is extremely useful for
conomists, managers and policy makers. Tail (extreme) co-
ovement is measured by the upper, �U, and the lower, �L,

ependence coefficients, such that �U, �L ∈ [0, 1], which are defined
s:

L = lim
u↓0
P(U1 < u|U2 < u) = lim

u↓0

C(u, u)
u

(6a)

U = lim limits
u↑1
P(U1 > u|U2 > u) = lim

u↑1

1 − 2u + C(u, u)
1 − u

(6b)

here given the random vector (X, Y) with marginal distribution,
1 for X and U2 for Y, �U measures the probability that X is above a
igh quantile given that Y is also above that high quantile, while �L

easures the probability that X is below a low quantile given that Y
s also below that low quantile. In order to have upper or lower tail
ependence, �U or �L need to be strictly positive respectively. Oth-
rwise, there is upper or lower tail independence. Hence, the two
easures of tail dependence provide information about the likeli-

ood for the two  random variables to boom and cllapse together.
or example, in our work, positive upper and zero lower tail depen-
ence estimates would provide evidence that large unexpected

ncreases in output are matched by large unexpected unemploy-
ent declines, whereas extreme output slumps are not likely to be

ransmitted to unemployment.
This study considers a wide range of bivariate copula speci-

cations. All of them are members of the elliptical copulas and
rchimedean copulas, since they permit considerable flexibility in
apturing dependence between output and unemployment. Ellip-
ical and Archimedean copulas are two of the most commonly used
opula families. The elliptical copulas we evaluate are the Gaussian
or Normal) and Student-t. Among the one parameter Archimedean
opulas we  consider, there are the Clayton, Gumbel, Frank, and
oe. Clayton–Gumbel, Joe–Gumbel, Joe–Clayton and Joe–Frank are
mong the two-parameter Archimedean copulas we examine.

Table 1 presents the copulas under consideration in our study,
heir respective dependence parameters, their relationship to
endall’s � as well as to �U and �L (upper and lower dependence
oefficients). Regarding the elliptical family, the Gaussian copula
s symmetric and exhibits zero tail dependence. Thus, irrespective
f the degree of the overall dependence, extreme changes in one
andom variable are not associated with extreme changes in the
ther random variable. The t-copula exhibits symmetric non-zero
ail dependence (joint booms and slumps have the same probability
f occurrence). Concerning the one parameter Archimedean copu-
as, the Clayton copula exhibits only left co-movement (lower tail
ependence). The Gumbel and the Joe copulas exhibit only right
o-movement (upper tail dependence). The Frank copula has zero
ail dependence. As far as the two- parameter Archimedean copu-

as are concerned, the Gumbel–Clayton and the Joe–Clayton allow
or potentially asymmetric upper and lower co-movement. The
oe–Gumbel exhibits only right co-movement, while the Joe–Frank
xhibits zero tail dependence.
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Table  1
Copula functions, parameters, Kendall’s �, tail dependencea.

Copulas Parameters Kendall’s � Tail dependence (�L , �U)

1 Gaussian (N) � ∈ (−1, 1) 2
� arcsin(�) (0,0)

2  Student-t (t) � ∈ (−1, 1) 2
� arcsin(�) 2t�+1

(
−√

� + 1
√

1−�
1+�

)
,

�  > 2 2t�+1

(
−√

� + 1
√

1−�
1+�

)
3 Clayton (C) � > 0 �

�+2 (2
−1
� , 0)

4  Gumbel (G) � ≥ 1 1- 1
�

(0, 2 - 2
1
� )

5  Frank (F) � ∈ R \ {0} 1 − 4
�

+ 4 D(�)
�

with D(�) =
∫ �

0

x/�
exp(x)−1 d x (0,0)

6  Joe(J) � ≥ 1 1+ 4
�2

∫ 1

0
t log(t)(1 − t)2(1−�)/� dt (0, 2 - 2

1
� )

7  Clayton-Gumbel (BB1) �1 > 0, �2 ≥ 1 1 − 2
�2(�1+2) (2

−1
�1�2 , 2 - 2

1
�2

8 Joe–Gumbel (BB6) �1 ≥ 1, �2 ≥ 1 1+ 4
�1�2

∫ 1

0
(− log(1 − (1 − t)�1 ) (0, 2 - 2

1
�1�2 )

×(1  − t)(1 − (1 − t)−�1 )) dt

9  Joe–Clayton (BB7) �1 ≥ 1, �2 > 0 1+ 4
�1�2

∫ 1

0

(
−(1 − (1 − t)�1 )�2+1 × (1−(1−t)�1 )

−�2 −1

(1−t)�2−1

)
dt (2

−1
�2 , 2 - 2

1
�1 )

10  Joe–Frank (BB8) �1 ≥ 1, �2 ∈ (0, 1] 1 + 4
�1�2

∫ 1

0

(
− log

(
(1−t�2)�1 −1

(1−�2)�1 −1

)
× (1 − t�2)(1 − (1 − t�2)−�1 )

)
dt (0, 0)

13  Survival Clayton (SC) � > 0 �
�+2 (0, 2

−1
� )

14  Survival Gumbel (SG) � ≥ 1 1- 1
�

(2 − 2
1
� , 0)

16  Survival Joe (SJ) � > 1 1+ 4
�2

∫ 1

0
t log(t)(1 − t)2(1−�)/� dt (0, 2 - 2

1
� )

17  Survival BB1 (SBB1) � > 0, ı ≥ 1 1 − 2
�2(�1+2) (2

−1
�1�2 , 2 - 2

1
�2 )

18  Survival BB6 (SBB6) � > 1, ı ≥ 1 1+ 4
�1�2

∫ 1

0
(− log(1 − (1 − t)�1 ) (0, 2 - 2

1
�1�2 )

×(1  − t)(1 − (1 − t)−�1 )) dt

19  Survival BB7 (SBB7) � > 1, ı > 0 1+ 4
�1�2

∫ 1

0
(−(1 − (1 − t)�1 )�2+1 (2

−1
�2 , 2 - 2

1
�1 )

× (1−(1−t)�1 )
−�2 −1

(1−t)�2−1 )dt∫ 1
(

og

(
(1−t� )�1 −1

(

)
−�

)

a
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2
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�
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�

−

3

t

20 Survival BB8 (SBB8) � > 1, ı > 0 1 + 4
�1�2 0

− l

a Table adapted from Joe (2014) and Schepsmeier et al. (2016).

3. Data and empirical models

3.1. Data

Data for unemployment and GDP have been downloaded from
the OECD website.2 The G7 countries have been considered, i.e.
United States (USA), Canada (CAN), Japan (JPN), Great Britain (GBR),
Germany (DEU), France (FRA) and Italy (ITA). The reasons for this
choice are: (i) the application of copula methodology first to the
biggest world economies, which exert the largest influence on eco-
nomic conditions worldwide through trade and capital movements,
therefore on smaller economies; (ii) better data availability (higher
quality and quantity) in the G7 countries relative to other groups of
economies, given that the use of copulas requires long time series.
Regarding �GDP,  quarterly seasonally adjusted data on percentage
change relative to the previous quarter are used, which correspond
to subject B1 GE and measure GPSA from the QNA table (https://doi.
org/10.1787/data-00017-en). As for unemployment U, the quar-
terly harmonized percentage of unemployment (total, all ages) has
been used, which corresponds to subject LRHUTTTT and measure
STSA of the LABOUR table (https://doi.org/10.1787/mei-data-en).
Data were downloaded for the period 1994:Q1 to 2018:Q2, since
there are no comparable data before 1994. Sample code used to
download the dataset can be found in Appendix E.

There are two broad ways of testing for Okun’s law in the liter-
ature. The first uses cyclical components, while the second utilizes
first differences of output and unemployment. Both have advan-

tages and disadvantages. The former methodology requires use of
filtering techniques, of which there are many alternatives, but there
is no agreement in the literature as to which is the most appropri-

2 The OECD R package Persson (2016) has been used for database access and data
download and manipulation. Data last accessed on January 04, 2019.
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2

1−�2)�1 −1
× (1 − t�2)(1 − (1 − t�2) 1 ) dt (0,0)

te. This is problematic, since the findings are very sensitive to the
ltering method (Arčabić & Olson, 2019; Huang & Yeh, 2013; Lee,
000; Moosa, 1997; Perman & Tavera, 2007; Silvapulle et al., 2004).
owever, the utilization of first differences requires assumptions
n the stochastic processes that the data follow, i.e. that all variables
orrelated with output except unemployment (e.g. labor force, cap-
tal stock) are in equilibrium or change pari passu with the latter
Okun, 1970).

In light of these, we proceed with the first-difference version
f Okun’s law in line with Prachowny (1993), Huang & Lin, 2008,
anin and Marra (2012) and Sögner (2001). Consequently, we have
onstructed the following variable:

Ut = Ut − Ut−1 (7)

In order to obtain positively correlated data, which allows for the
onsideration of extended copula families, data were transformed
s follows:

GDPt = GDPt − GDPt−1

GDPt−1
(8a)

�Ut = Ut−1 − Ut (8b)

.2. Preliminary analysis

Fig. 1 displays the time series of �U and �GDP for the G7 coun-
ries.

Table 2 displays descriptive statistics and basic tests of the −�U
nd �GDP variables, as defined in Eqs. (8a) and (8b) respectively.
ean values of −�U were quite close to zero and substantially

ower than the corresponding standard deviations, for example

.0056 and 0.3083 for Canada. This is indicative of the absence of
rend in −�U  data. On the other hand, mean values of �GDP were
ound between 0.18 and 0.62 in all cases, which indicates a positive
rend in �GDP data.

http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/data-00017-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
http://10.1787/mei-data-en
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Fig. 1. Time series plots of �U (left) and �GDP (right) data.

Table 2
Descriptive statistics.

CAN DEU FRA GBR ITA JPN USA

−�U
Mean 0.0056 0.0313 −0.0028 0.0446 0.0446 0.0189 −0.0040
Std.Dev. 0.3083 0.2512 0.1571 0.2213 0.2164 0.2401 0.2932
Min  −1.4000 −1.2667 −0.5333 −0.7333 −0.4000 −0.8333 −0.8333
Max  0.5000 0.5333 0.2667 0.5333 0.5333 0.5333 0.6000
Skewness −2.0184 −1.9131 −0.9171 −1.1464 −0.2031 −0.2321 −0.4943
Kurtosis 8.7281 10.7927 4.5399 5.3915 2.2152 4.3287 2.9473
KSa <1e−4 0.0002 0.0151 0.0009 0.0724 0.0032 0.0543
CvMa <1e−4 0.0002 0.0270 0.0004 0.0325 0.0052 0.1586
Q(12)b <1e−4 0.0150 0.0002 <1e−4 <1e−4 <1e−4 <1e−4
ARCH-LMc 0.0016 0.5648 0.0055 0.0027 0.0006 0.3351 0.1251
�GDP
Mean  0.6134 0.3726 0.4167 0.5349 0.1835 0.2442 0.6192
Std.Dev. 0.6184 0.7960 0.4642 0.5926 0.6936 0.9631 0.5954
Min  −2.2842 −4.4861 −1.6453 −2.1715 −2.7375 −4.7942 −2.1638
Max  1.8114 2.0582 1.2609 1.9277 1.6659 2.5252 1.8312
Skewness −1.3968 −2.4823 −1.3987 −1.7990 −1.2004 −1.6199 −1.2049
Kurtosis 7.3690 16.3263 7.4902 9.6054 6.6311 9.9347 7.3029
KS  0.0419 0.0025 0.1999 0.0000 0.0001 0.0004 0.0151
CvM  0.0240 0.0000 0.0462 0.0000 0.0000 0.0004 0.0036
Q(12)  0.0006 0.0004 0.0000 0.0000 0.0000 0.6844 0.0001
ARCH-LM 0.1847 0.9846 0.0442 0.0479 0.0477 0.4953 0.7647

a p-values are displayed for the Kolmogorov–Smirnov (KS) and Cramer von Misses (CvM) test for normality.
b Q(12) lists the p-values of the Ljung–Box test for time series independence taking into consideration 12 lags.
c ARCH-LM lists p-values of the autoregressive conditional heteroskedasticity-Lagrange multiplier test, also using 12 lags.
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Table  3
OLS estimation of the Okun law parameter.

Country Term Estimate Std. error Statistic p-value

CAN (Intercept) 0.5315 0.0511 10.4001 <1e−4

�U −1.5370 0.2040 −7.5345 0.0000
DEU (Intercept) 0.2931 0.0771 3.8026 0.0003

�U  −1.5313 0.3670 −4.1725 0.0001
FRA  (Intercept) 0.3710 0.0389 9.5331 <1e−4

�U −1.2801 0.1813 −7.0586 0.0000
GBR  (Intercept) 0.4391 0.0516 8.5178 <1e−4

�U −1.6013 0.2354 −6.8027 0.0000
ITA (Intercept) 0.1857 0.0667 2.7837 0.0065

�U  −0.8104 0.2340 −3.4625 0.0008
JPN  (Intercept) 0.2385 0.0969 2.4617 0.0156

�U  −1.0893 0.6420 −1.6968 0.0930
−4

Table 4
Lag order selection according to four information criteria.

AIC HQ SC FPE USE

CAN 1 1 1 1 1
DEU  1 1 1 1 1
FRA  2 2 1 2 2
GBR  1 1 1 1 1
ITA  2 1 1 2 2
JPN  4 1 1 4 1
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USA  (Intercept) 0.5885 0.0510 11.5282 <1e
�U −1.1179 0.1750 −6.3897 0.0000

Negative skewness values (left skewed data) were observed in
all countries for both −�U  and �GDP variables. Fat tails in the data
are indicated by the high values of the kurtosis statistic in almost
all countries, in both −�U and �GDP.  As a matter of fact, normality
was rejected by both Kolmogorov–Smirnov and Cramer von Mises
tests, as in most cases p-values were found to be very small for both
−�U and �GDP variables.

With the exception of �GDP in the case of Japan, the Lung–Box
test suggested the presence of serial correlation in the data. How-
ever, test results of ARCH effects were mixed; low p-values of the
test were found for −�U  in Canada, France, Great Britain and Italy
and �GDP in the case of France, Great Britain and Italy. In all other
cases there was no indication for the presence of ARCH effects in
the data.

Fig. 2 displays the scatter plot of �U  and �GDP data and the
estimated equation:

�GDPt = ˆ̨  + ˆ̌
 � Ut (9)

OLS estimation results of a linear model above (Eq. (9)) are
displayed in Table 3. At this point we do not analyze further the
linear fit results, which nevertheless exhibit a negative relation-
ship between unemployment and output changes as predicted by
Okun’s law.

3.3. Testing for unit roots and cointegration

Stationarity or unit root presence in GDP time series is a con-
troversial issue and has long been a puzzle in the literature (see for
example Cushman, 2016 and references cited therein). Similarly,
the existence of unit root in unemployment data is questionable
(see Lee, Hu, Li, & Tsong, 2013; Lee, Lee, & Chang, 2009 and refer-
ences cited therein).

We have performed various tests in order to test for the pres-
ence of unit root in the data (Hamilton, 1994; Phllips & Xiao, 1998),
such as the Augmented Dickey–Fuller (ADF) test (Dickey & Fuller,
1981), the Kwiatkowski, Phillips, Schmidt and Shin (KPSS) test
(Kwiatkowski, Phillips, Schmidt, & Shin, 1992), the Elliott, Rothen-
berg and Stock (ERS or DF-GLS) test (Elliott, Rothenberg, & Stock,
1996), the Zivot and Andrews (ZA) test (Zivot & Andrews, 1992)
Finally, we have implemented the Carrion-i-Silvestre, Kim and Per-
ron (CKP) test (Carrion-i Silvestre, Kim, & Perron, 2009), which is
the only one allowing for multiple structural breaks in both the
level and slope of the trend function. Here, we  should note that
we have conducted the (Bai & Perron, 2003) test before the (CKP)

test in order to determine the appropriate number of breaks (up to
five). Based on these findings, we have implemented the relevant
version of the CKP test.

−
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USA  2 2 1 2 2

he last column (USE) indicates the lag order finally used.

In order to check for cointegration (Hamilton, 1994) the
ohansen (Johansen, 1991) and Gregory and Hansen (Gregory &
ansen, 1996) tests can be used.

To save space, all relevant results and details are available in the
ppendix (Section A).

.4. Empirical modelling

We have employed the VAR methodology, which allows all
ependent variables to depend on their own  lags and lags of all the
ther dependent variables, in order to extract the random compo-
ent of the data series. VAR modelling is routinely used in applied
acroeconomics research (Cover & Mallick, 2012; Stock & Watson,

001).
A semi-parametric approach has been applied in the empirical

art of this article (Chen & Fan, 2006; Fan & Patton, 2014; Huang,
ollick, & Nguyen, 2016; Mokni & Youssef, 2019; Patton, 2012):

. �GDP and −�U variables were filtered via VAR modelling
(details are given below).

. Residuals of the resulting model were tested for autocorrela-
tion and ARCH effects and transformed to copula data via an
empirical cumulative density function and appropriately scaled
by n/(n + 1).

. Pairs of copula data for each country were used for copula selec-
tion and estimation.

As a first step, a VAR model of 4th order was  estimated, since
uarterly data were used, for pairs of �GDP and −�U  for each
ountry (see Eq. (10)):

�Ut = 	1 +
4∑

i=1


1,i(−�Ut−i) +
4∑

i=1

�1,i�GDPt−i + ˛1t + ut(10a)

GDPt = 	2 +
4∑

i=1


2,i(−�Ut−i) +
4∑

i=1

�2,i�GDPt−i + ˛2t + vt(10b

Each VAR model was estimated by OLS and the optimal value
f the number of lags (n) was selected by applying the follow-
ng information criteria: Akaike (AIC), Schwarz (BIC), Hannan and
uinn (HQ) and Final prediction error (FPE). Results of the lag order

election procedure are shown in Table 4.
As it can be seen from Table 4, a lag order of 2 was selected

or France, Italy and USA, while a lag order of 1 was selected for
anada, Germany, Great Britain and Japan. In the second step, the
AR model selected in the first step was re-estimated and variables
ith |t − statistic| < 2 were dropped from the model. Details about

he final model selection are given in Table 5.
As an example, for Italy (ITA) the VAR model applied was:
�UITA
t = 	1 +

2∑
i=1


1,i(−�UITA
t−i ) +

2∑
i=1

�1,i�GDPITA
t−i + ˛1t + ut(11a)
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Fig. 2. Okun law plot and linear regression of �GDP (vertical axis) on � U (horizontal axis).

Table 5
VAR estimation results.

Country Variable �GDP1 −�U1 �GDP2 −�U2 Const Trend

CAN −�U  0.2194 −0.0847
�GDP  0.4980 0.2996

DEU  −�U  0.0462 0.7375
�GDP 0.3089 0.2580

FRA  −�U  0.2205 0.3655 −0.0704
�GDP  0.5922 0.1637

GBR  −�U  0.0685 0.5339
�GDP 0.5998 0.2068

ITA  −�U  0.1262 0.3526
�GDP 0.5884

JPN  −�U  0.0565 0.2512 −0.0893 0.0016
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�GDP  

USA  −�U  0.1842 0.3402 

�GDP  0.7506 

�GDPITA
t = 	2 +

2∑
i=1


2,i(−�UITA
t−i ) +

2∑
i=1

�2,i�GDPITA
t−i + ˛2t + vt(1

3.5. Copula selection and estimation

Residuals of each VAR model were converted to ranks in order to
be used in the copula estimation process. As a first step we tested for
independence, based on a procedure described by Genest and Fabre
(2007). For those pairs that we found evidence for dependence we
proceeded with copula estimation.

We estimated all copula families shown in Table 1. Cop-

ula estimation was performed using the VineCopula R package
(Schepsmeier et al., 2016). Copula families were selected based
on the Vuong (Vuong, 1989) and Clarke tests (Clarke, 2007), with
Schwarz correction. Recently, the Clarke test has gained popularity
due to its high power.

If one can choose between N copula families then each family is
tested again all remaining (N − 1) families. The copula family with
the highest score is selected as the most appropriate one.

(
F
c

b

484
0.2515
0.1237 −0.3100 0.0027

0.9150 −0.0064

Vuong3 and Clarke tests are nested tests that compare two mod-
ls in order to find the best. If two  models (model1 and model2 for
xample) are compared, then a score is assigned:

. +1, if model 1 is better than model 2

. −1, if model 2 is better than model 1

. 0, if the test cannot discriminate between two models.

In case of ambiguity regarding the Vuong and Clarke test results,
og-likelihood, AIC and BIC tests as well as goodness of fit p-values

ere also used as selection criteria (Manner & Reznikova, 2012).
ramer von Misses (CvM) goodness of fit has also been applied in
rder to properly discriminate the appropriate copula family (Berg,
009; Genest, Rémillard, & Beaudoin, 2009; Kojadinovic, Yan, &
olmes, 2011) We  have used 1,000 bootstrap repetitions to obtain
-values.

Copula invariance was  tested with the Busetti and Harvey test
Busetti & Harvey, 2011). We have used a slightly modified code by

ousekis, Emmanouilides, and Grigoriadis (2017) to perform the
omputations in R environment.

3 There is some evidence that in small sample data sets Vuong test might work
etter. Unpublished results are available upon request.
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4.2. VAR modelling
Fig. 3. Plot of observed (blue) and fitted (red) values of Unemployment changes (l
Table 4.(For interpretation of the references to color in this figure legend, the reade

4. Results

4.1. Unit Root Tests

First, we perform unit root tests of the GDP and unemployment
series in first differences. We  emphasize the results of Elliott et al.
(1996), which has significantly higher power than previous ver-
sions of the augmented Dickey–Fuller test. We  also focus on the
Zivot–Andrews test (Zivot & Andrews, 1992), which allows for one
structural break in both the intercept and trend of a series. Finally,
the CKP test, which allows for multiple breaks in both the level and

slope of the trend function, rejects the null of unit root in most
cases. The latter two tests are important, since we  want to avoid
the confusion of structural breaks in the series with nonstationar- t

485
el) and GDP changes (right panel) as estimated by VAR, described in Eq. (10) and
erred to the web version of this article.)

ty. Overall, accounting for one or more structural breaks, changes
n both unemployment and output are stationary in all countries.
hese findings are very similar according to the ERS test, so we can
e confident about them (See Appendix, Sections A.1 and A.2).

In light of this evidence, there is no scope for conducting coin-
egration testing in any country, since both series examined are
(0). The findings as a whole imply that VAR modeling is sufficient
o capture the short-run relationship between unemployment and
utput in first differences, since there is no long-run relationship.
Table 5 shows the estimation results of VAR modelling according
o Eq. (10) and Table 4. As it can be seen from Table 5, GDP1 (first lag)
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Table  6
ARCH-LM and Serial correlation test results.

Country L arch −�U arch �GDP arch-mul Portmanteau BG

CAN 12 0.8198 0.0478 0.8293 0.3305 0.4813
CAN  24 0.9926 0.4197 0.4872 0.5608 0.7451
DEU  12 0.4294 0.7725 0.1724 0.1523 0.4554
DEU  24 0.6669 0.9986 0.4872 0.3259 0.5899
FRA  12 0.3053 0.0291 0.0361 0.0747 0.1275
FRA  24 0.7213 0.5775 0.5449 0.1360 0.1151
GBR  12 0.1127 0.0175 0.1833 0.4446 0.5655
GBR  24 0.6549 0.0107 0.4872 0.4210 0.3929
ITA  12 0.1349 0.0070 0.0221 0.4928 0.0884
ITA  24 0.0945 0.1926 0.5449 0.8599 0.4819
JPN  12 0.1381 0.5468 0.0032 0.0206 0.0976
JPN  24 0.5857 0.9658 0.4872 0.2485 0.3084
USA  12 0.3533 0.9503 0.0050 0.0490 0.0723
USA  24 0.5569 0.9452 0.5449 0.1034 0.3015

p-values of the test statistics are presented. They have been computed with the R package vars (Pfaff, 2008, 2015).
L  refers to the number of lags used in the corresponding test.
arch −�U and arch �GDP refer to the ARCH-LM test for −�U and �GDP variables of Eq. (10), while the arch-mul refers to the corresponding multivariate ARCH-LM test for
both  variables.
The multivariate Portmanteau and Breusch-Godfrey (BG) tests (serial correlation) are given in the last two  columns.

Table 7
Copula Independence test.

t-statistic p-value

CAN 3.0450 0.0023
DEU 2.4372 0.0148
FRA  3.9642 <1e−4
GBR 2.7791 0.0055
ITA  1.0063 0.3143
JPN  0.1836 0.8543

Table 8
Busetti–Harvey test of copula invariance.

� = 0.25 � = 0.50 � = 0.75

CAN 0.027 0.039 0.225
DEU 0.240 0.293 0.204
FRA 0.157 0.277 0.075
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USA 3.6877 0.0002

is present in almost all equations with two exceptions concerning
the GDP1 equations of Japan and USA, while the first lag of −�U  is
kept as explanatory variable only in USA’s GDP1 equation and −�U
equations for Germany, UK, Japan and the US. Second order lags and
trends are only sporadically observed, while most equations retain
the constant in the right-hand side.

It has to be noted, as mentioned in Section 3.4, that all coeffi-
cients have |t − statistic| > 2. At this point, we use VAR modeling as
a filtering method in order to get rid of autocorrelation in the data.

Fig. 3 presents a realization of the fitted VAR model versus the
observed values. In general, we observe a good fit.

Table 6 presents the test statistics for serial correlation of the
residuals obtained after VAR filtering. So, there is no significant
serial correlation observed in the residuals in most cases. In Canada,
France, UK and Italy the ARCH-LM test indicates the presence of
ARCH effects in the residuals with 12 lags and 24 lags only in the
UK of the �GDP1 equation. Also in Japan and the US VAR equation
systems, the Portmanteau serial correlation test gave p-value <0.05
in the case of 12 lags. We  consider these test results minor problems
and proceed with our analysis. The vast majority of the remaining
test results strongly indicate the absence of ARCH-LM effects and
serial correlation in the residuals of Eq. (10).

4.3. Copula independence

We  conduct the test of independence of the copula data derived
from the output and unemployment equations in each of the exam-
ined economies (Genest & Fabre, 2007). According to the evidence
presented in Table 7, there is dependence in Canada, Germany,

France, Great Britain and USA and independence in Italy and Japan.
So, we exclude these two countries from the analysis, which fol-
lows.

fi
G
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GBR 0.177 0.074 0.085
USA 0.267 0.448 0.098

.4. Copula invariance

Concordance between two  variables and the corresponding
endall’s � can vary over time. It is thus necessary to extract infor-
ation about the stability and invariance of Kendall’s � before

roceeding with the estimation of a static copula model. In gen-
ral, copula stability is to be expected, due to the relatively short
ample used in this study (1994:Q1–2018:Q2). However, comput-
ng and plotting the Kendall’s � for sub-samples of the data set
nsures that this hypothesis is justified.

Fig. 4 displays how Kendall’s dependence measure evolves
ver time. It shows rolling-window estimates (van den Goorbergh,
enest, & Werker, 2005) of Kendall’s � using window sizes of 60
ata points, that is, Kendall’s � in period t is computed using the 60
revious observations until period t.

The stability of Kendall’s � is well demonstrated in the cases of
anada, Germany, France, UK and US.

Furthermore, the Busetti–Harvey test (Busetti & Harvey, 2011)
f copula invariance has been also used in order to assess copula
nvariance. Table 8 lists the results of this test, including the values
f the corresponding statistic. The critical values corresponding to
ignificance levels of 5% and 10% are 0.461 and 0.743 respectively.
he test statistics have been computed for three quantiles, i.e. at

 = 0.25, 0.50, 0.75.
In all cases the test statistic takes values lower than the corre-

ponding critical values at the 5% level of significance. For example,
or the US values of 0.267, 0.448 and 0.098 have been obtained, all
f which are lower than 0.461.

So, we can be confident about the stability of the copula estima-
ions.

.5. Copula selection and estimation
We  proceed with copula selection and estimation only for the
ve countries, for which we have established dependence (Canada,
ermany, France, UK and USA). Table 10 lists the results of copula
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Fig. 4. Dynamic Kendall’s � (vertical axis) vs time.

Table 9
Vuong (Vg) and Clarke (Ck) test results of copula selection procedure.

CAN DEU FRA GBR USA

Vg Ck Vg Ck Vg Ck Vg Ck Vg Ck

1 N 3 5 3 5 7 8 4 2 3 −3
2  t 0 3 −3 −7 −1 −1 −3 1 −5 −1
3  C 0 0 7 8 4 4 5 2 14 14
4  G 3 7 2 9 1 2 1 10 −2 −4
5  F 2 1 2 2 2 13 4 11 0 0
6  J 0 0 0 0 −1 −13 0 −1 −12 −11
7  BB1 −3 −2 −3 −6 −3 1 −3 −5 2 1
8  BB6 −2 −6 −5 −8 −3 −12 −5 −7 −13 −13
9  BB7 −2 0 −3 −4 −2 −5 −3 −11 2 1
10  BB8 −4 −5 −4 −5 −2 −4 −2 −3 −11 −13
13  SC 1 2 1 1 1 −13 1 −1 −4 −12
14  SG 6 10 9 10 6 13 8 13 9 14
16  SJ 0 −1 6 9 0 3 5 2 13 14
17  SBB1 0 −2 −3 −5 −2 3 −3 −3 1 4
18  SBB6 −1 −5 −3 −4 −2 −2 −3 −5 1 3
19  SBB7 1 0 −3 −2 −2 0 −3 −1 1 3

−3 
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dent of the selected copula.4 The size of Kendall’s � = 0.187 shows
weak dependence concerning output and unemployment residu-
als, i.e. lower than Canada, France, UK and the US (Table 10). Also,
20  SBB8 −4 −7 −3 −3 

Bold face numbers indicate selected copula family based on highest score.

estimation. Copula family selection was based on both Vuong and
Clarke tests (Table 9) and the AIC, BIC and log-likelihood informa-
tion criteria. We  have estimated the latter for all copula families
given in Table 1.

4.5.1. Canada
Regarding Canada (CAN), the survival Gumbel copula is chosen

by both Vuong and Clarke tests (see Tables 9 and 10 ). Survival
Gumbel copula scored 6 using the Vuong test, while the second
choices had a score of only 3. The Clarke test gave 10 for the survival
Gumbel, being only 7 for the second best choice (Gumbel copula).
The AIC and BIC information criteria (Table C.1 in Appendix) also
corroborated the survival Gumbel copula, whilst only the LogLike-
hood criterion suggested the survival BB7 copula. So, we select the

survival Gumbel family. The value of Kendall′s � = 0.229 implies
moderate dependence between the residuals of the output and
unemployment first difference equations. The values of �L = 0.294
and �U = 0 indicate asymmetry between output and unemploy- e

487
3 −3 −4 1 3

ent residuals, specifically that their dependence holds only during
ecessions.

.5.2. Germany
Vuong test corroborated for the survival Gumbel copula for

ermany (DEU) with a score of 9 and Clarke gave it a score of 10
Table 9). The AIC, BIC and log-likelihood criteria give results in
avor of the Clayton copula family. As a consequence, we  choose
he Clayton copula supported by all information criteria. However,
, �L and �U estimated values were found very similar in both cases
Clayton and survival Gumbel copulas), making the interpretation
f the results (see following Discussion section) relatively indepen-
4 Survival Gumbel, or rotated 180o Gumbel copula, and Clayton are very similar to
ach other. Basically there are no major differences between these two candidates.
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Table  10
Copula estimation results.

Family � � �L �U log L AIC BIC

CAN 14 SG 1.298 0.229 0.294 0.000 7.146 −12.292 −9.727
DEU  3 C 0.459 0.187 0.221 0.000 5.116 −8.232 −5.667
FRA  14 SG 1.365 0.267 0.338 0.000 8.866 −15.732 −13.178
GBR  14 SG 1.249 0.199 0.258 0.000 5.098 −8.196 −5.632
USA  3 C 0.846 0.297 0.441 0.000 13.238 −24.475 −21.921
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Refer to Table 1 for copula families and parameters.
Only � parameter is given as ı = 0 in all cases.
log L stands for log-likelihood criterion.

the evidence is in favor of asymmetry; output and unemployment
residuals evolve in opposite directions only during recessions in
line with those of the above mentioned countries (Cuaresma, 2003;
Holmes & Silverstone, 2006; Silvapulle et al., 2004).

4.5.3. France
Concerning France (FRA), the Normal copula family is chosen by

Vuong test, while the survival Gumbel and F copulas have been cho-
sen by the Clarke test (Table 9). The AIC, BIC give also results in favor
of Survival Gumbel, while the LogLikelihood criterion corroborates
towards the SBB1 copula family (Table C.3 in Appendix). So, we end
up with the Survival Gumbel copula, which is chosen by two out of
three information criteria. However, for all four copula families the
estimated Kendall’s � lies between 0.267 and 0.289 implying rel-
atively strong dependence concerning the residuals of output and
unemployment difference equations. Also, all four copulas show
no upper tail dependence. They only differ with respect to lower
tail dependence; survival Gumbel and SBB1 are in favor of strong
dependence, while Normal and F imply moderate independence
(Table 10). In a nutshell, no relationship between unemployment
and output disturbances is found in expansions, but we tend to be
in favor of strong dependence during recessions.

4.5.4. United Kingdom
For the United Kingdom (GBR) both Vuong and Clarke tests have

produced results in favor of the survival Gumbel copula with scores
8 and 13 respectively (Table 9). Two of the three information crite-
ria (AIC, BIC) were in favor of the survival Gumbel copula (Table C.4
in Appendix), while the LogLikelihood criterion favors SBB1. Con-
sequently, we prefer the former copula family. However, in both
cases, the estimated Kendall’s � is almost identical being equal to
0.199, 0.201 respectively (Table 10). This makes the interpretation
of results independent of the copula selection. The findings imply
moderate dependence between unemployment and output resid-
uals, as in the cases of Canada and Germany. The moderately high
value of �L (0.258) and the zero value of �U show moderately strong
dependence between output and unemployment residuals during
recessions and no dependence throughout recoveries. So, the unex-
plained parts of output and unemployment first differences move
in opposite directions during recessions, but are not associated at
all, i.e. higher unexpected output growth is not accompanied by
lower unexpected unemployment change, during expansions. In
other words, UK is similar to Germany in terms of lower tail depen-
dence and Canada, Germany, France and the US regarding upper
tail dependence.

4.5.5. United States
For the US, the Clayton copula is selected by the Vuong test

with a score of 14, but Clarke test provided mixed results giving
equal score (14) to three copula families (Clayton, survival Gum-

bel and survival Joe) (see Table 9). The selection between Clayton,
survival Gumbel and Survival Joe copulas was based on informa-
tion criteria, where all LogLikelihood, AIC and BIC values were in
favor of Clayton copula (see Appendix, Table C.5). It must be noted
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hat �, �L and �U estimated values were found very similar for
ll three copula families, making the interpretation of the results
see following Discussion section) relatively independent of the
elected copula. Figure D.5 (see Appendix) displays the correspond-
ng copula plot. The size of � = 0.297 (Table 10) indicates relatively
trong dependence between the residuals of the equations of out-
ut and unemployment differences. The values of �L = 0.441 and
U = 0 (Table 10) show strong asymmetry between unemploy-
ent and output disturbances in the recessionary vs recovery

hases of the business cycle. In particular, the unexplained parts
f �GDP and −�U  move together downwards, but not upwards.
ffectively, output and unemployment unexplained components
volve in opposite directions during recessions, but are completely
isentangled, i.e. higher output residuals is not accompanied by

ower unemployment ones, during expansions. These findings are
n line with those of (Cuaresma, 2003; Holmes & Silverstone, 2006;
ilvapulle et al., 2004).

Final results after copula selection are summarized in Table 10.

. Discussion

Generally, in terms of dependence we distinguish four groups
f countries, namely France, US (strong), Canada, Great Britain
medium), Germany (weak), while Japan and Italy exhibit no
ependence in line with Moosa (1997). Regarding (a) symmetry, all
ve countries which exhibit dependence (France, US, Canada, Great
ritain and Germany) are also characterized by moderate to strong
symmetry, i.e. output and unemployment first difference residuals
re negatively associated during recessions, but completely dis-
ntangled throughout recoveries. Overall, we  can distinguish four
roups of countries. The first group comprises US and France, the
nly economies characterized by moderately strong dependence
nd strong asymmetry, where unemployment and output distur-
ances are linked exclusively during recessions. The second team

s composed by Canada and the UK, both of which exhibit medium
ependence and strong asymmetry, i.e. output and unemployment
isturbances are associated throughout contractions. Germany is
nique in that it is characterized by weak dependence and moder-
te asymmetry. Finally, Italy and Japan constitute the fourth group,
here we find no evidence of dependence between unemployment

nd output equation residuals throughout the whole business cycle.
hus, unemployment and output differences are related exclusively
ccording to the deterministic part of the respective equations in
he latter countries.

In order to explain the above findings, we  could argue that the
exible US and Canadian labor markets would be expected to imply

 stronger response of unemployment to output during expan-
ions compared to the response implied by our analysis given the
ack of job security provisions and restrictions on layoffs, which
nhibit employers from reducing workforce during recessions and

ncreasing it during expansions. A possible explanation is that the
esponse of the economy to unexpected output increases takes
ostly the form of an increase in labor force participation, pro-

uctivity (Huang & Lin, 2008; Lim, Dixon, & van Ours, 2019) and
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hours worked (Okun, 1962; Prachowny, 1993). An explanation for
the different reactions of the economy in expansions compared
to contractions is that employers are more pessimistic during the
downturns than optimistic in the upturns due to risk aversion
(Silvapulle et al., 2004). Regarding Germany, the policies followed
in the early 2000’s, which led to the liberalization of the labor mar-
ket along with the continued presence of decentralized collective
bargaining agreements, which cover large sectors of the German
economy and promote wage flexibility in the wake of output dis-
turbances, partially explain the unemployment-output residuals
association in Germany only during recessions in our analysis. We
can only explain the lack of dependence between output and unem-
ployment unexpected equation components during expansions by
the same mechanisms outlined above, i.e. higher labor force par-
ticipation, productivity and working hours as well as risk-aversion
of the employers.

As far as Italy is concerned, the liberalization of labor market
institutions initiated in the late 1990s, through, e.g. the intro-
duction of part-time regulation, along with the broad collective
agreement coverage should imply a higher responsiveness of
unemployment to output changes compared to the past. However,
the residuals of the respective equations seem to be completely
disentangled during the whole business cycle partially in contrast
with earlier findings (Zanin & Marra, 2012). Again, there is the pos-
sibility of a response in the wake of non-expected output variations
in the form of changes in labor force participation, productivity and
especially hours worked during expansions (Zwick & Syed, 2016).
Moreover, the labor market reforms introduced in France in the
late 1990’s, through, e.g. facilitating part-time work concurrent
with the introduction of reduced weekly working hours, have made
unemployment responsive to output disturbances during reces-
sions, but not throughout recoveries partially in line with Zanin
and Marra (2012). On the other hand, the mostly informal rigidities
still characterizing the Japanese industrial relations may  explain
why output and unemployment residual dynamics are completely
disentangled. At the same time, the UK labor market would be
expected to imply a stronger dependence between unemployment
and output dynamics than we actually see above, given that this
country’s labor market is the least regulated in Europe regard-
ing the terms and conditions of employment and working time,
minimum wages and trade union power (Freeman, 2001; Moosa,
1997). This is so, even if we account for the VAR estimates (see
Table 5).

From a policy point of view, no country provides a very
favorable environment for counter-cyclical economic policies,
since in all countries there is no evidence for unemployment-
output residual dependence during expansions. In other words,
unemployment responds to output according to the determin-
istic part of the VAR estimations, but the disturbances of the
output and unemployment equations do not respond to each
other during recoveries. Having that in mind, USA and France
are characterized by strong dependence and asymmetry where
unemployment responds to output disturbances only during
recessions.

In Canada and the UK moderate dependence is combined with
asymmetry, where unemployment responds moderately when
output falls unexpectedly, but not at all when it rises above what is
predicted by VAR estimates. Germany exhibits weak dependence
along with asymmetry, where unemployment rises moderately
during unexpected slumps. Finally, disturbances in the first dif-
ferences of output and unemployment seem to be completely
disentangled throughout the whole business cycle in both Italy and

Japan. As a consequence, these variables are related only according
to the deterministic part of the VAR estimates. Thus, stabilization
policies in the US, France, Canada, Germany and the UK are pre-
dicted to be relatively effective in avoiding unemployment hikes in
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he wake of recessions, but less effective in achieving lower unem-
loyment during recoveries. This holds especially for the US and
rance and less so for the remaining three countries. Obviously such
olicies will be less effective in Italy and Japan, where policy mak-
rs can smooth business cycles based on the output-unemployment
elationship shown by the coefficient estimates of the VAR equa-
ions.

. Conclusions

In this paper we have examined the association between the
esiduals of the output and unemployment first difference equa-
ions in the G7 economies using copulas for 1994:Q1–2018:Q2,
hich has implications for the validity of Okun’s Law. The cop-
la methodology provides flexibility to fit dependence using a joint
istribution separately from marginal distributions along with flex-

bility over the choice of the type of dependence. After examining
ur series in terms of stationarity, we  extract the copula data by
mploying VAR methodology and investigate dependence along
ith asymmetry between disturbances in output and unemploy-
ent variations. We  conclude that dependence between output

nd unemployment unexpected variations is relatively strong only
n USA and France, followed by Canada, UK and Germany. Italy and
apan exhibit no dependence. Also, we find asymmetry in all the
ormer five countries. Specifically, output disturbances are asso-
iated with unemployment disturbances only during recessions,
hile they are completely disentangled from each other through-

ut expansions in these economies.
These findings imply that USA, France, and less so Canada, UK

nd Germany provide the most favorable conditions for effective
ounter-cyclical economic policies due to their dependence and
ymmetry characteristics regarding the output-unemployment
elationship. In other words, policy makers in these countries
hould react more in the wake of output slumps than VAR esti-
ates imply to avoid deepening of recessions. Moreover, in Italy

nd Japan, stabilization policy should be focused on smooth-
ng business cycles based solely on the deterministic part of
he output-unemployment first difference relationship. Our find-
ngs should prove useful to policy makers in addition to what
s suggested by traditional empirical approaches, which do not
nalyze dependence and asymmetry of disturbances in the output-
nemployment relation. In future research, we aim to investigate
horoughly using copula techniques the role of labor force par-
icipation, working hours, capital stock and technical progress in
he output-unemployment relationship in the context of Okun’s
aw.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.qref.2020.10.004.
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