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Abstract

ClarK’s (1989) bivariate unobserved components model is applied in order to estimate and analyse the trend
and cycle of GDP and the unemployment rate as well as to quantify and discuss the relationship known
as Okun’s law. Empirical analysis is performed for 28 European countries for a time period including the current
economic crisis — the end period is 2018 Q4 for all economies and the beginning period ranges from 1983 Q1
to 2000 QI according to data availability. Important results indicate that in virtually all European countries:
(1) the growth of the trend component of GDP decreased systematically after the crisis; (2) the output gap
improved in the last five years - this finding proved to be quite robust as it was also confirmed by Hodrick-
Prescott estimates of the output gap for different smoothing parameter values; (3) the trend component
of the unemployment rate turned out to be constant over time, indicating that possible hysteresis effects have
not played an important role in European labour markets; (4) the output gap and cyclical unemployment rate
are highly negatively correlated, confirming the strength and validity of Okun’s law across European countries.
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INTRODUCTION

Economists concern themselves with unobserved features of an economy such as potential (trend) output
or output gap (cycle) in order to separate long-run and short-run components of economic variables. This
is usually motivated by the goal of dampening economic fluctuations by keeping output at its potential
level. Trend-cycle decomposition also enables the assessment of long-term effects of the current economic
crisis, which is a widely discussed issue in economic literature these days. Ball (2014) found empirical
evidence supporting the hypothesis of permanent effects of deep recessions on output. Similar findings
are reported by Barro (2001), Cerra and Saxena (2005, 2008) and Haltmaier (2012).
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Trend-cycle decomposition is usually performed in empirical literature for aggregated European data,
such as by Azevedo et al. (2003), Berger and Everaert (2008), Berger (2011), Bernhofer et al. (2014),
Chen and Mills (2012), Galati et al. (2016), Lemoine et al. (2010), Orlandi and Pichelmann (2000)
and Proietti (2004).

It is also common for authors to decompose variables for only one specific economy or a small group
of countries, e.g. Hajek and Bezdék (2000), Hajkova and Hurnik (2007), Kloudova (2013), and Bene$
and N’Diaye (2004) for the Czech economy; Bernardi and Di Ruggiero (2014) for Italy; Boda et al. (2015),
and Boda and Povazanova (2019) for Visegrad group countries; Jemec (2012) for Slovenia; Volos
and Hadjixenophontos (2015) for Cyprus; and Ochotnicky (2008), and Zimkova and Barochovsky (2007)
for Slovakia.

This paper contributes to existing literature by providing an extensive empirical investigation
and comparison of 28 European economies taking into account their heterogeneity. The focus is placed
on: (1) characterizing changes in the trend and cycle of GDP and the unemployment rate during
the current crisis, which enables the assessment of the long-run and transient influence of the crisis
on these two variables; (2) estimation and discussion of the relationship between cyclical components
of GDP and the unemployment rate, known as Okun’s law; (3) making a comparison of these features
across individual European countries.

Primarily, the trend-cycle decomposition is performed by applying the unobserved components (UC)
methodology. However, Hodrick and Prescotts (1997) (HP) filter with different smoothing parameter
values is applied as a robustness check as well.

Such a vast empirical study has only been performed by Ball (2014), Ball et al. (2017), and Britha
and Polansky (2015). Nonetheless, these papers are methodologically based on simple methods such
as the production function approach, HP filter or analysis of correlations.

There are various methods for decomposing economic variables. A survey of alternative methodologies
was performed by Dupasquier et al. (1999). This paper applies structural time series modelling as advocated
by Harvey (1989), which uses the state-space form and Kalman filtering in order to estimate unobserved
components of time series. Specifically, Clark’s (1989) unobserved components (UC) model is employed
in order to explicitly model the trend and cycle of GDP and the unemployment rate. Harvey and Jaeger
(1993) showed that this technique of detrending economic time series is superior to ARIMA modelling
and to mechanical statistical tools like the HP filter.

The structure of the paper is as follows. The model is formulated in Section 1 and data are described
in Section 2. Econometric estimation of parameters is discussed in Section 3, and the unobserved trend
and cycle of GDP and the unemployment rate are presented in Section 4. Subsequently, Section 5 compares
the calculated output gap with that obtained using the HP filter. The final section summarizes the main
findings and concludes.

1MODEL

A minor modification of ClarK’s (1989) bivariate UC model as specified by Kim and Nelson (1999)
is applied in this paper in order to study GDP and unemployment in European countries. This model
extends the univariate model of GDP decomposition formulated and estimated for the US economy
by Clark (1987), which is given as follows:

y,=n+x, (1)
n=g._ +n_+v,v,~iid. N(O,of), ()
g =g, +tw,w~iid. N(O,o—j), (3)
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X =@ X+ X, +e, e~iid N(0,067) (4)

where y, is the log of real GDP, n, represents the stochastic trend component evolving according
to a random walk process with drift g,, which is itself the random walk, and x, is a stationary cyclical
component (output gap). Second-order autoregression for x, allows the output gap to exhibit cyclical
movements. It is also possible to derive AR(2) specification for the gap from a standard model of cyclical
components based on sine and cosine functions (Orlandi and Pichelmann, 2000).

Clark’s (1987) formulated univariate UC model given by Formulas (1)-(4) was extended by Clark
(1989) and later also by Kim and Nelson (1999) by including the unemployment rate U, in the following
fashion:?

U-=L+C, )
L=L +¢,¢~iid. N(0,07), ()
C=a,x+a-x_+n,n~iid. N(0,0',f), 7)

where L, is the trend of the unemployment rate, C, represents the cyclical stationary component
of the unemployment rate, and &, and 7, are white noise processes. Random errors v,, w,, e,, €, and
7, in the formulated model (1)-(7) are all not only assumed serially but also mutually independent.

Formula (7) is interpreted as Okun’s law postulating a negative relation between the output gap and
the unemployment rate gap. It corresponds to Clark’s (1989) formulation in that it is assumed that only
the current output gap x, and the output gap lagged one period x,_, have an influence on the cyclical
unemployment rate C, . The same specification was also applied by Berger (2011). Kim and Nelson (1999)
also included the output gap lagged two periods x,_, in Okun’s law reflecting that the unemployment rate
is a lagging indicator of the business cycle. Nonetheless, this specification turned out to be unsuitable for
many European countries as it caused higher standard errors of many estimated parameters (not only
relating to Okun’s law).

Firstly, it is worth mentioning that output and unemployment rate are modelled simultaneously,
not separately. The output decomposition model (1)-(4) is interconnected with the unemployment rate
model (5)-(7) by Okun’s law in the form of Formula (7). Estimation of unobserved cyclical components
of the output and unemployment rate therefore utilizes this structural relationship between these two
variables. Secondly, the applied specification of Okun’s law (7) postulates that the output gap influences
the cyclical unemployment rate so that assumed causality goes from output to unemployment, which is
a lagging indicator. This is a slight modification of Okun’s (1962) empirical investigation where he never
postulated this one-way causality.

2DATA

Seasonally adjusted quarterly GDP and unemployment rate data for 28 European economies were obtained
from Eurostat (2018). GDP is measured in chain-linked volumes (reference year 2010, million euro)
and the name of the series in the Eurostat database is “GDP and main components (output, expenditure
and income) [namq_10_gdp]” Unemployment rate includes all ages of unemployed workers and relates

2 Clark’s (1989) extension slightly differs from that performed by Kim and Nelson (1999). Clark (1989) specifies
the GDP trend component as a random walk without a drift term . Kim and Nelson (1999) follow ClarK’s (1987) original
specification (1)-(4) in their extension to the bivariate model, which is an approach taken in this paper as well.
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the number of unemployed persons to the active population (expressed as a number between 0 and 1,
not in per cent), and the title of the source data in Eurostat is “Unemployment by sex and age - quarterly
average [une_rt_q]” The observable variable y, is represented by the natural logarithm of the GDP,
and the variable U, corresponds directly to the unemployment rate.

The last observation in the data set is 2018 Q4 for all 28 countries. However, the first observation differs
in individual European economies due to data availability and starting period of the data for countries
ranges from 1983 Q1 to 2000 Q1. The starting date for each economy is indicated in the following Table 1,
which contains estimation results (placed in Section 3) in the first column below the country name.

3 ECONOMETRIC ESTIMATION AND DISCUSSION

The bivariate UC model (1)-(7) was expressed in state-space form and econometrically estimated by
maximizing the likelihood function, which was performed numerically in MATLAB. The likelihood
function was constructed by applying the Kalman filter algorithm, which was implemented in its square
root version in order to achieve better numerical precision. Kalman filtering was initialized by standard
method - unconditional mean and variance were used as initial values for stationary cyclical components
and a diffuse prior was applied for non-stationary trend components. Parameter transformations ensuring
non-negativity of standard deviations of random errors and stationarity of autoregressive process (4)
were also performed.

Results for 28 European countries are summarized in the following Table 1. Standard errors
of estimated coefficients are shown in parentheses below estimated parameters. For readers’ convenience,
the symbols ***, ** and * are used as well in order to indicate statistical significance at the 1%, 5% and
10% level, respectively. Standard deviations of random shocks are multiplied by 100 in order to obtain
more readable results. Alternatively, data for the log of GDP and unemployment rate could be multiplied
by 100 in order to increase estimated standard errors of random shocks 100 times.

Table 1 Estimation results of the bivariate UC model (1)-(7) for European countries

Country GDP Unemployment rate
(start date)’ p) 4 1006, 1006, 1006, a, é, 1006, 1006,
Austria 1.53%% | _058%* | 037%* 0.04 0.31%%* 0.05 —0.34%%% | 0.16%** 0.09%**
(1996 Q1) (0.13) (0.13) (0.09) (0.03) (0.09) (0.09) (0.12) (0.04) (0.03)
Belgium 1465 | _054%%% | (39%%¢ 0.03 0.00 -0.05 -0.22%* 0.29%** 0.18%**
(1995 Q1) (0.14) (0.14) (0.09) (0.02) (5.30) (0.10) (0.10) (0.04) (0.04)
Bulgaria 1.77%% | _078%* | 0.21%* 0.13%* 0.76*** | -0.11 -1 0.34%* 0.01
(2000 Q1) (0.09) (0.09) (0.08) (0.06) (0.07) (0.78) (0.88) (1.16) (0.16)
Croatia 1.79%% | _0.80%** | 0.24** 0.1 1.13%* | _052 -0.42 0.02 0.09
(2000 Q1) (0.08) (0.09) (0.10) (0.07) (0.10) (0.59) (0.52) (0.90) (0.07)
Cyprus 1.81%%% | _0.82%* | (35%%* 0.09* 0.67*** | -0.32 -0.38 0.34%% 0.15
(2000 Q1) (0.09) (0.09) (0.11) (0.05) (0.08) (0.32) (0.31) (0.12) (0.10)
Czech Rep. 1.76%% | —077%% | 038 0.28%%* 0.30%** | -0.18* -036** | 0.09 0.07
(1996 Q1) (0.09) (0.09) (0.08) (0.06) (0.06) (0.09) (0.12) (0.11) (0.05)
Denmark 1.68%% | —071%* | 0310 0.00 0.76%** 017 -0.68** 0.00 0.07
(1995 Q1) (0.11) (0.11) (0.08) (0.11) (0.07) (0.24) (0.29) (2.91) (0.05)
Estonia 1.66%* | —0.69%* |  0.94%** 0.09 1517 | _0.13 -0.42%* 0.42 0.37%%*
(2000 Q1) (0.12) (0.12) (0.25) (0.08) (0.19) (0.18) (0.19) (0.28) (0.13)
Finland 1.82%%% | _0.83%* | 040%* 0.05 1.04%%% 0.03 -0.62%* | 0.5 0.00
(1990 Q1) (0.06) (0.06) (0.08) (0.04) (0.08) (0.18) (0.22) (0.25) (0.63)
France 1.78%% | _079%% | 020%* 0.04** 0.29*** | -0.01 —0.45%%* | 0.10%** 0.00
(1983 Q1) (0.06) (0.06) (0.03) (0.02) (0.02) (0.10) (0.12) (0.02) (0.16)
Germany 1.70%% | _071%%* | (033%** 0.09%* 0.64%** | _0.18%* -0.25%* | 006 0.00
(1991 Q1) (0.09) (0.09) (0.06) (0.04) (0.05) (0.08) (0.09) (0.06) (0.11)
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Table 1 (continuation)
Country GDP Unemployment rate
(start date)’ é 4 1006, 1006, 1006, a, é 1006, 1006,
Greece 1.85%** -0.86*** 0.37%** 0.12* 1.17%** -0.87* 0.07 0.01 0.11
(1998 Q2) (0.07) (0.07) (0.10) (0.07) (0.10) (0.47) (0.39) (2.41) (0.09
Hungary 1.78%** -0.80%** 0.11 0.22%%* 0.67%** -0.41 -1.08 0.20%* 0.01
(1996 Q1) (0.12) (0.12) (0.08) (0.06) (0.06) (1.62) (1.97) (0.10) (0.41)
Ireland 1.80%** —-0.81*** 0.19 0.00 2.82%** -1.34 -0.01 0.00 0.15**
(1995 Q1) (0.09) (0.09) (0.17) (0.57) 0.21) (3.40) (2.83) (10.87) (0.08)
Italy 1.78%** —-0.80*** 0.371%** 0.00 0.45%** -0.08 -0.28** 0.20%** 0.05
(1995 Q1) (0.09) (0.09) (0.07) 0.11) (0.05) (0.14) (0.14) (0.04) (0.06)
Latvia 1.69%** —0.71%%* 0.83%** 0.21** 1.19%%* -0.38** -0.23 0.19 0.37%%*
(1998 Q2) (0.10) (0.10) (0.20) (0.09) (0.15) (0.17) 0.14) (0.46) (0.09)
Lithuania 1.74%** —0.75%** 0.73%** 0.07 1.61%** -0.41* -0.23 0.01 0.28***
(1998 Q1) (0.09) (0.09) (0.17) (0.08) (0.15) (0.22) (0.19) (8.00) (0.09)
Luxembourg 1.64%** —-0.66*** 0.21 0.05 1.61%** -0.65 0.03 0.01 0.03
(1995 Q1) (0.19) (0.19) (0.15) (0.07) (0.12) (0.88) (0.58) (0.79) 0.11)
Malta 0.45 0.53* 0.82% 0.13* 1.05%** -0.03 -0.07 0.33%** 0.09
(2000 Q1) (0.32) (0.29) (0.49) (0.08) (0.37) (0.10) (0.11) (0.05) (0.08)
Netherlands 1.86%** -0.86*** 0.19%** 0.03 0.50%** 0.17 —0.69*** 0.00 0.03
(1996 Q1) (0.06) (0.06) (0.04) (0.03) (0.04) (0.23) (0.26) (0.97) (0.04)
Norway 1.67%** —0.69*** 0.13 0.03 1.16%** 0.39 -1.20 0.07 0.00
(1989 Q1) (0.14) (0.15) (0.09) (0.04) (0.08) (0.65) (1.05) (0.14) (0.48)
Poland 1.78%** —0.79%** 0.11* 0.00 0.95%** -3.40 0.57 0.00 0.00
(1997 Q1) (0.10) (0.10) (0.08) (0.18) (0.07) (4.58) (3.32) (0.20) (0.02)
Portugal 1.76%** —-0.77%** 0.371*** 0.07** 0.52%** -0.23 -0.54** 0.17 0.10
(1995 Q1) (0.09) (0.09) (0.07) (0.03) (0.05) (0.19) 0.21) 0.11) (0.06)
Romania 0.90%* 0.06 0.30 0.25%* 1.57%** -0.96 -0.36 0.00 0.00
(1997 Q1) (0.37) (0.32) (0.36) 0.11) (0.15) (2.26) (0.79) (31.19) (3.29)
Slovenia 1.75%** -0.76*** 0.52%** 0.07 0.71%%* 0.04 -0.31%** 0.25%** 0.14%*
(1996 Q1) (0.10) 0.11) (0.13) (0.05) (0.10) (0.12) (0.13) (0.06) (0.05)
Spain 1.88%** -0.88*** 0.27%** 0.09*** 0.13%** —1.12%** 0.01 0.28*** 0.00
(1995 Q1) (0.05) (0.05) (0.03) (0.03) (0.03) (0.30) (0.23) (0.07) (1.06)
Sweden 1.61%** —-0.65*** 0.34%** 0.02 0.72%** 0.05 —0.55%** 0.00 0.08**
(1993 Q1) (0.07) (0.08) (0.07) (0.03) (0.06) (0.12) (0.16) (1.86) (0.04)
UK 1.82%** —0.83%* 0.24%%* 0.05** 0.44%** -0.11 —0.43%% | 0,10%** 0.00
(1983 Q1) (0.06) (0.06) (0.04) (0.02 (0.03) 0.11) (0.13) (0.04) (0.21)

Source: Authors own calculations based on data obtained from Eurostat (2018)

Table 1 contains detailed estimation results for all 28 studied economies, which enables differences
between individual European countries to be assessed. Nonetheless, some sort of aggregation by using
median values to characterize a typical European economy will often be utilized in subsequent discussion
for two reasons. Firstly, it facilitates the reader’s basic orientation in these extensive results. Secondly,
it enables a comparison with findings of other empirical studies analysing aggregated European data.

3.1Parameters relating to GDP decomposition

3.1.1 Autoregressive parameters ¢, and ¢,

Parameters ¢ and ¢, are statistically significant at the 1% level of significance with the only exceptions
being Malta and Romania. The estimated parameters ¢ =0.90 and ¢, =0.06 for Romania resemble

* 'The last observation in the sample is 2018 Q4 for every country.
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closely a stationary AR(1) process. Estimates for Malta are quite atypical, which applies not only for
parameters ¢ and ¢, .

Another substantially robust finding is that the sum q;l + (132 is close to one (except for Malta
and Romania). This means that the output gap x, is highly persistent. Clark (1989) reports the following
results:

a) ¢ =147, ¢, =—0.59 for the US economy (1947 Q1-1986 Q2),

b) ¢ =1.59, ¢ =—0.63 for Canada (1955 Q1-1986 Q2),

c) ¢31 =1.73, ¢32 =-0.73 for West Germany (1960 Q1-1986 Q2),

d) ¢, =1.82, ¢, =—0.82 for the United Kingdom (1960 Q1-1986 Q2),
e) ¢ =0.54, ¢, =0.20 for Japan (1960 Q1-1986 Q2).

The sum of these parameters estimated for the US economy, ¢ + ¢, = 0.88, is not as close to 1 as in most
European countries. This is also confirmed by Kim and Nelson’s (1999) estimates for the US economy
(1952 Q1-1995 Q3): 451 =1.44, 452 =-0.52. When excluding Malta and Romania, the median value
of ggl + ¢?2 from Table 1 is 0.99. The output gap in virtually all European countries is thus remarkably more
persistent than the corresponding gap in the US economy. It is also confirmed that estimates presented
in Table 1 for Germany (¢| =1.70, ¢2 =-0.71) and for the United Kingdom (¢1 =1.82, ¢2 =-0.83)
are very close to those reported by Clark (1989).

Similar results regarding the persistence of Visegrad group countries were found by Boda and Povazanova
(2019). Berger’s (2011) estimates for aggregated European data from 1970 to 2005 are also in line with
these conclusions as he estimated these parameters as ¢ =1.88 and 4, =—0.91 (with standard errors
of 0.05 and 0.04, respectively).

These findings regarding persistence are also supported by Chen and Mills (2012), who analysed
aggregate euro area data ranging from 1970 Q1 to 2009 Q2. Nonetheless, some comments are
needed before we report their results as they did not model the cyclical component of output directly
as the AR(2) process. Instead, they modelled the cyclical component (v, in their notation) using sine
and cosine functions as follows:

‘//i —p co.s A, sinA, 1//:l N Ki ’ )
v, —Sin ﬂ“c cos /10 Vi K,
where &, and &, are mutually and serially independent random errors with Var(x, )= Var(rc; ) =07,

0< p <1 is the damping parameter and A, is the cycle frequency (in radians). Orlandi and Pichelmann
(2000) showed that specification (8) is equivalent to the following AR(2) model:

v, =(2pcos A )y, =Py, +<, ©)
where random error ¢, is given by:
¢, =(1-pcosA L)k, —(psini L), (10)

where L is the lag operator.

10
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Formula (9) is already comparable to specification (4). Chen and Mills (2012) estimate parameter p
and the period of the cycle 27/ 4, for aggregate euro area dataas p=0.82 and 27/ A, =35.34 . This
implies that 4 =0.18, ¢ =2pcos 4, =1.61 and ¢, = =-0.67. This result is somewhere between
ClarK’s (1989) estimate for the US economy and Bergers (201 1) estimate for Europe.

3.1.2 Volatility of output gap o,
The random error e, in Formula (4) describing the development of the output gap plays an important
role as the coefficient o, is statistically significant in the majority of studied countries. This parameter
failed to be statistically significant only for Hungary, Ireland, Luxembourg, Norway and Romania.
The output gap is thus stable in these economies.

Chen and Mills (2012) estimated that 1006, =0.27 and it follows from that:

Var($,) =0l + p*cos’ ,0° + p’sin® 4,07,
=0’ (1 +p2).

Correspondence between (9) and (4) then yields ol = Var(§ ,). Therefore, 1006, =1006, -+/1+ p* =
=0.27-4/1+0.82* =0.35. This value corresponds very closely with the results presented in Table 1 where
the median of estimates 1006, for individual economies is 0.31. Nonetheless, Table 1 also shows that
there are considerable differences across individual countries as the estimated standard error 1006,
varies from 0.11 in Poland to 0.94 in Estonia.

Berger’s (2011) estimate of volatility of the GDP cyclical component is 1006, = 0.09 (with a standard
error of this estimate of 0.02). This is a slightly lower value than those presented in Table 1, which is
probably caused by the fact that Berger worked with pre-crisis data.

Clark (1989) estimated the standard deviation of the random error in the equation for the output
gap for the US economy as 1006, = 0.73. His estimate is more than two times higher than the median
of the corresponding estimates for European countries presented in Table 1 and also than the value
calculated above using the results reported by Chen and Mills (2012). Nonetheless, this does not
mean that the variability of the output gap in the US economy is significantly higher than in Europe
as the output gap in the USA is less persistent, as discussed above.

Output gap volatility might be measured by unconditional standard deviation of the AR(2) process (4),
which is given by:

wd(x)= | Z#)o an
td (x,) (o) [0-0) 4] 11

Estimate of std (x,) is obtained by substituting the corresponding estimates ¢, ¢, and 67 into
the relation (11). Results are depicted in Figure 1. Unconditional standard deviation is multiplied by 100
in order to obtain more readable results.

The three countries with the highest output gap volatility are Greece, Spain and Lithuania. A surprising
finding is that a substantially high variability of the gap is also detected for Finland. Low output gap
volatility is observed in Austria, Belgium, Hungary, Luxembourg, Norway, Poland, Romania and Sweden.
This finding is especially surprising for Romania, which has the lowest output gap volatility among
all 28 studied economies. The case of Romania is substantially specific. As will be seen in subsequent
paragraphs, Romania also has one of the highest volatilities of the growth rate g, of the GDP trend
component as measured by 1000, and also an extremely high volatility of the trend component #, as
measured by 1000, . Movements in real GDP are thus mostly permanent as they influence primarily the
trend components of real output.

11
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Figure 1 Output gap volatility as measured by std (x,) - 100
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Output gap volatility in the USA might be obtained by plugging Clark’s (1989) estimates ¢ =1.47,
$, =—0.59 and 1006, =0.73 into relation , which yields std (x,)-100 =2.37. The volatility of the cyclical
component of output in the US economy is thus substantially low, even though 1006, =0.73 is rather
high. As already mentioned, this result is a direct consequence of low output gap persistency in the USA.

3.1.3 Volatility of the growth rate g, of the GDP trend component (measured by 100c,)

In contrast to the previous results obtained for parameter o, the coefficient o, is statistically significant
(at least at the 10% level of significance) only for approximately half of the studied countries - Bulgaria,
Cyprus, the Czech Republic, France, Germany, Greece, Hungary, Latvia, Malta, Portugal, Romania, Spain
and the United Kingdom. The growth rate of the trend component g, is not constant over time in these
countries as the standard deviation o, is significantly different from zero. Mostly, these are less developed
European countries except for France, Germany and the United Kingdom, where 1000, is statistically
different from zero, but attains considerably low values - France (0.04), Germany (0.09) and the United
Kingdom (0.05). The highest values of 1005, are detected for the Czech Republic (0.28), Hungary (0.22),
Latvia (0.21) and Romania (0.25).

Literally a stable growth rate g, of the GDP trend component (measured by 1000, ) is detected for
Denmark (0.00), Ireland (0.00), Italy (0.00) and Poland (0.00). One might be tempted to interpret from
these results that almost nothing will affect the growth rate of these economies in the long run - not even
the economic crisis of 2008. Such an interpretation would of course be misleading as the long-run trend
component of output is determined not only by 1000, but also by 1000, (to be discussed systematically
later on). The most striking contrast between these two measures is observed for Ireland (1005, =0
is the lowest value among the studied economies and at the same time 1005, =2.82 is the highest value
among all 28 countries). A similar situation is also detected for Denmark and Poland.
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Very low estimates of 1005, are also obtained for Belgium (0.03), the Netherlands (0.03), Norway
(0.03) and Sweden (0.02). These estimates correspond closely to the result reported by Kim and Nelson
(1999) for the US economy (1006, = 0.03, 0.02 being the standard error of this estimate) and by Chen
and Mills (2012) for aggregated euro area data (1005, = 0.02, with a standard error of 0.01). Their
estimates are slightly lower than the results presented in this paper as the median of 1005, for the 28
analysed European economies is 0.07.

3.1.4 Volatility of GDP trend component n, (measured by 100c, )
The coefficient o, measuring the volatility of the trend component is statistically significant at the 1%
level in all countries except Belgium. The random error v, influencing the GDP trend component r,
(without changing the growth rate g, of this trend component) thus proved to have a highly significant
effect in virtually all studied economies. Belgium is the only country where both standard deviations
1006, =0.03 and 1006, = 0.00 describing the variability of the trend component of GDP are statistically
insignificant and very low. The trend component of GDP is thus extremely stable in this country.

Berger (2011) estimated a similar UC model for aggregated European data from 1970 to 2005 and
his estimate of 1000, is 0.45 (with a standard error of this estimate of 0.03). Kim and Nelson (1999)
report their estimate for the US economy as 1006, = 0.49 (with a standard error of 0.06). These findings
are slightly lower than the median 0.74 of estimates for the 28 individual countries presented in Table 1,
which is probably caused by the fact that they did not analyse data during the huge economic crisis.
The results in Table 1 also show that there are substantial differences in the volatility of the trend component
of GDP (o, ) across individual European countries.

The medians of the coefficients 1005,, 1005, and 1006, are 0.31, 0.07 and 0.74, respectively.
A lower than median value for all three estimated parameters is observed for France, Italy, the Netherlands,
Portugal and the United Kingdom. These countries show a stable development of the GDP trend #,, and
growth of the GDP trend g, as well as the output gap x,. The other extreme is economies with higher
than median values for all three estimated parameters, which means that components »,, g, and x, are
rather volatile. This condition is satisfied for the following less developed countries: Estonia, Greece,
Latvia, Lithuania, Malta and Slovenia.

3.2 Trend component of unemployment rate

The volatility of the trend component of the unemployment rate is measured by o, . This parameter
turned out to be significantly different from zero at least at the 5% level of significance for only about half
of the studied economies: Austria, Belgium, Bulgaria, Cyprus, France, Hungary, Italy, Malta, Slovenia,
Spain and the United Kingdom. This suggests that the variability of the unemployment rate trend is not
as high as the volatility of the GDP trend component in quite a lot of European countries.

Berger (2011) estimated the coefficient 100o, for the whole of Europe as 0.09 (with 0.01 being
the standard error of this estimate). Clark (1989) reports the value for the US economy as 1005, =0.17.
Empirical analysis performed in this paper shows that the estimate for a typical European countryis quite
close to Berger’s result as the median of estimates for 28 economies is equal to 0.10.

3.3 Okun’s law

As far as the relation between output gap and cyclical unemployment rate is concerned, estimated
parameters g, and g mostly have a negative sign. In some (rather rare) cases, an estimate of g, or
4 turned out to be positive. Nonetheless, for Okun’s law to hold, it is sufficient that the sum a,+a,
of the estimated coefficients is negative. This condition is satisfied in all 28 studied economies, thereby
confirming the validity of Okun’s law.
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Statistical insignificance (at the 10% level) of both parameters ¢, and ¢, is observed for 10 economies:
Bulgaria, Croatia, Cyprus, Hungary, Ireland, Luxembourg, Malta, Norway, Poland and Romania.
The Czech Republic and Germany stand on the other side with both parameters ¢, and «, being
statistically significant (at least at the 10% level of significance).

These results might be improved if the coefficient ¢, is a priori set to zero. Only the contemporary
output gap x, is then assumed to have an influence on the unemployment rate gap ( C,). This approach
is taken, for example, by Ball et al. (2017). Statistical insignificance of the parameter ¢, (at the 10% level)
was in this case detected only for Luxembourg, Malta, Norway and Romania. Statistical significance
of ¢, at the 10% level was observed for two countries (Croatia and Poland). Okun’s law parameter «,
was significant at the 5% level in the cases of Belgium, Bulgaria, the Czech Republic, Denmark and
Hungary. In the remaining 17 economies it turned out that the coefficient ¢, was statistically significant
even at the 1% level of significance. This finding confirms the validity and strength of Okun’s law across
individual European economies. Cyclical properties of the unemployment rate are thus driven to a great
extent by the output gap.

The output gap lagged one period (x,_,) has a stronger negative influence on the unemployment
rate than the current gap (x, ) in 20 of the monitored economies. Thus, only in eight cases is the reverse
true (Greece, Ireland, Latvia, Lithuania, Luxembourg, Poland, Romania and Spain). This confirms that
the unemployment rate is a lagging indicator (its current values depend mainly on the lagged output
gap).

The estimated parameters of Okun’s law are in line with other empirical studies for most countries.
Kim and Nelson (1999) estimated Okun’s law in a slightly modified form to specification (7) as they
assumed that not only the current and one-period lagged output gap (x, and x, ) but also the output gap
lagged two periods x,_, have an influence on the unemployment rate gap C,. They report the following
estimates (standard errors are in parentheses): &, = —0.34 (0.06), &, =—0.16 (0.03) and &, =—0.07 (0.01).
The overall effect of the output gap on the gap of unemployment rate is thus &, + &, + @, =—0.57. ClarK’s
(1989) estimates for the US economy are ¢, =-0.33 and ¢, = —0.18 with the overall effect ¢, + &, =-0.51.
The median value for such an overall effect calculated from Table 1 is median (&, + ¢, ) =—0.60, which
is quite close to the estimate obtained by Kim and Nelson (1999).

Mankiw (2012) posited that for the US economy a one per cent deviation of output from potential
causes an opposite change in the unemployment rate of half a percentage point. This assertion is practically
the same as Clark’s (1989) estimate of &, + &, =—-0.51 and also corresponds closely to the median value
found by empirical investigation in this paper for 28 European economies.

Ball et al. (2017) estimated Okun’s law (by ordinary least squares using annual data from 1980
to 2011) in the form:

Ur_Uz*:ﬁ'(yr_y;)-"gr’ (12)

where U, is the unemployment rate and y, is (the log of) GDP, U, and y, are trend estimates obtained
using the Hodrick-Prescott filter and ¢, is i.i.d. random error.

In the long run, the coefficient g is equivalent to ¢, + ¢, in the presented model (7). Furthermore,
Clark’s bivariate model (1)-(7) was also estimated here using the a priori assumption ¢, =0 in order to
obtain results more comparable with regression (12). Ball et al. (2017) econometrically analysed relationship
(12) for the US economy and for 20 advanced OECD countries. Comparison with estimates presented
earlier in Table 1 (for countries analysed in this paper as well as by Ball et al., 2017) is summarized
in the following Table 2. Standard errors of estimated coefficients are again shown in parentheses
below estimated parameters, and the symbols ***, ** and * indicate statistical significance at the 1%, 5%
and 10% level, respectively.
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Table 2 Comparison of results reported by Ball et al. (2017) (B in the first row) with findings of this paper (&, + &,
and &, in the second and third row)

Country Austria Belgium Denmark Finland France Germany Ireland Italy
N —0.14%** —0.57*** —0.43%*** —-0.50%** —0.37%** —0.37*** —0.47%** —0.25%**
B (0.04) (0.08) (0.05) (0.05) (0.04) (0.06) (0.04) (0.07)
- —-0.29%** —0.27%** —0.57%*** —-0.59%** —-0.46*** —0.43%** -1.35 -0.36***
U (0.07) (0.09) (0.15) (0.09) (0.06) (0.09) (1.20) (0.07)

N -0 -0.26%** -0.19** -0.76** -0.69%** —0.55%** —0.62%** —-0.51%** —-0.40%**
4 (2,=0) (0.09) (0.08) (0.31) (0.14) 0.14) (0.15) ©0.18) (0.09)
Country Netherlands Norway Portugal Spain Sweden UK

A —0.57*** —0.29%** —0.27%** —0.85%** —0.52%** —0.34***
B (0.07) (0.04) (0.04) (0.05) (0.07) (0.05)
- —0.52%** -0.81 —0.77%** —T.17%** —-0.50%** —0.54***
Gt (0.09) (0.61) (0.15) (0.16) (0.10) (0.08)

N -0 —0.59%** -1.13 —-0.78%** —1.39%** —0.75%** -0.61***
% (2,=0) ©.13) (1.10) ©0.18) 0.26) 0.18) ©.12)

Source: Authors own calculations based on data obtained from Eurostat (2018)

Firstly, Table 2 shows that Okun’s law estimates &, + @, are slightly higher in absolute value than
the corresponding values 8 reported by Ball et al. (2017). The only notable exception is Belgium
(and Sweden with very similar results: 4 =-0.52 and &, +4, =-0.50). Secondly, even slightly higher
(in absolute value) estimates were obtained in most studied cases when the a priori setting was
a, =0. Exceptions are Austria (¢, +¢, =—-0.29, a,=-0.26), Belgium (¢, +¢, =-0.27, a,=-0.19)
and Ireland (&, + &, =—-1.35, &, =—0.51). Thirdly, the results obtained in this paper confirm the validity
and strength of Okun’s law reported by Ball et al. (2017) as Okun’s law parameters are statistically significant
even at the 1% level in most studied cases (exceptions are Norway and partly Ireland). Fourthly, standard
errors of parameters estimated in this paper (¢, + @, and ¢, ) are generally higher than the corresponding
standard deviations of coeflicients estimated by Ball ( £ ). This is most clearly seen in the case of Norway
and also Ireland. This is caused by the fact that Ball et al. (2017) treat the unobserved output gap and
unemployment rate gap (v, —y,, U, —U, ) as observable variables.

Ball et al. (2017) argue that reasonable values for B (for the US economy) should lie in the interval
(-1.5;0), which is satisfied in all studied cases. The highest (in absolute value) estimate of /8 is reported
by Ball for Spain ( 2 =—0.85). Ball explains this strong negative influence of the output gap on the gap
of unemployment rate by the prevalence of temporary employment contracts in Spain. The highest
(in absolute value) estimate of ¢, +¢«, is detected for Ireland (&, + &, =—-1.35). Nonetheless, this
estimate is not statistically significant. The second highest value is observed for Spain (&, + &, =-1.11),
confirming Ball’s results. His finding relating to the strength of Okun’s law in Spain is also confirmed by
the highest (in absolute value) estimate of &, =—1.39.

Boda et al. (2015) estimate Okun’s law for Visegrad group countries by applying autoregressive
distributed lag (ARDL) methodology using quarterly data from 1998 Q1 to 2014 Q2. Their long-run
multiplier is comparable to the estimate of the overall effect ¢, + ¢, calculated here. Comparison of their
findings with results presented in this paper is summarized in Table 3. Parameter standard deviations
as well as the symbols *, ** and *** are indicated as before.
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' - Table 3 shows that findings presented in this
Table 3 Comparison of the long-run multiplier ) - ) .
reported by Boda et al. (2015) (the first row paper imply a stronger negative relationship

inthetable) with findings of this paper (4, + &, between the output gap and the gap of unem-

in the second and third row) ployment rate for these three countries than
Country Czech Hungary boland results reported by Boda et al. (2015). Estimates
Republic of the long-run multiplier obtained by Boda are

Long-run —0.12%%% -0.06 ~0.08 unusually small (in absolute value). This is the case
multiplier (003) (004) 009 especially of Hungary and Poland, where estimates
4, +d, _(8'?:;** _(1 ,4212) _(%22) G, +a, calculated by the author of this paper are
: i : conversely substantially high. One robust finding

Source: Authors own calculations based on data obtained from reported here as well as by Boda is that Okun’s
urostat (2018) parameters are statistically insignificant in Hungary
and Poland. Nonetheless, further empirical investigation of Okun’s law for Visegrad group countries will be
necessary.
Many empirical studies analyse Europe as a whole and not individual countries. Orlandi and Pichelmann
(2000) estimated Okun’s law for aggregated European annual data for 1960-1998 in the form:

M-IOOI*‘Z'(U/*U:)+8” "
Y

where the variables have a similar interpretation to that in regression (12) except that GDP y, is not in logs.

Parameter @ from (13) relates to parameter £ in according to B~ —1/a * Orlandi and Pichelmann
(2000) report the value & =1.8 implying 3 = —1/1.8 =—0.56, which is a value typically found for most
European economies by Ball et al. (2017) as well as by empirical investigation performed in this paper.

Berger and Everaert (2008) formulated a UC model and applied Bayesian econometric techniques
for aggregated European and US data for the period 1970 Q1-2003 Q4. Specifically, they estimated
an equation for Okun’s law in a form similar to (13) with the analogical parameter for & estimated for
Europe as 2.15, which yields g =—1/2.15=-0.47.

Berger (2011) works with a similar UC model to the one applied in this paper with a Phillips curve
added to the model specification. Berger’s (2011) analysis is based on aggregated European data over the
period 1970-2005. His equation for Okun’s law is the same as specification (7) and reports the following
estimation result: @, =—-0.49 and &, =-0.10.

Novéak and Darmo (2019) estimate Okun’s law in a disaggregated manner for individual European
economies by applying panel data econometric methods. Unfortunately, they assume that the parameter
relating output with unemployment is the same for all countries. Moreover, they work with Okun’s law
in a differenced form that is not directly comparable with the specification applied in this paper. Specifically,
Novak and Darmo (2019) estimate the following panel data regression:

AU, =a,+B-gy,+7-AU,

it—1

+&,, (14)

where AU, is the first difference (a year-on-year change) of the unemployment rate in country i,

li

gy, represents real GDP growth in country i and ¢, is random error.

* The relation 8 = -1/« applies only approximately for two reasons. Firstly, there is a slightly different definition of the output
gap in Formulas (12) and (13). Secondly, interchanging dependent and independent variables in the regression for Okun’s
law does not produce algebraically equivalent regression estimates (Plosser and Schwert, 1979).
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Formula (12) considered by Ball et al. (2017) might be expressed in a differenced form if we assume
constant trend components U, =U" and y, = y". Differencing (12) then yields:

Ut_Ur—lzﬂ'(yx_yt—l)+g:~ (15)

A comparison of relations (14) and (15) reveals that coefficient S relates GDP to unemployment rate
in both cases. Thus, the coefficient # from (14) is in this sense comparable to the parameter £ from
(12). Novak and Darmo (2019) used data between 2001 and 2014 and report the value ﬁ =-0.29, which
is also in line with results presented and discussed earlier in this paper.

Novak and Darmo (2019) also found structural breaks in regression (14). Nonetheless, Britha and
Polansky (2015) argue that instability is often found when using a difference form of Okun’s law and found
evidence that the relationship is stable when cyclical components of output and unemployment are used
instead of differences. Similarly, Ball et al. (2017) estimated Okun’s law in its gap form and state that Okun’s
law is a strong and stable relationship in most countries, one that did not change substantially during the
Great Recession. Ball also found that coefficient £ in Okun’s law (12) varies substantially across countries,
which is confirmed by the results presented in this paper as well. Therefore, the assumption of constancy
of this parameter across individual economies introduced by Novak and Darmo (2019) is not satisfied.

4 TREND-CYCLE DECOMPOSITON

Smoothed estimates of the GDP cycle (x, ), growth of the GDP trend component ( g,) and finally
the trend component of the unemployment rate (Z, ) together with the observed unemployment rate
(U,) are illustrated for all 28 European economies in Figure 2.

Figure 2 Smoothed estimates of output gap x,, growth g, of the GDP trend component and the trend component
of the unemployment rate L, together with the observed unemployment rate
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Figure 2 (continuation)
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Figure 2 (continuation)
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4.1 GDP cycle

The cyclical component of GDP declined after the beginning of the crisis in 2008 in most countries.
However, there are a few exceptions. The development of the gap in Finland seems untouched
by the crisis, Germany experienced an increase in the output gap after 2008, and only a slight decrease
has been observed for Malta, Norway, Poland, Romania and Sweden.

One important finding is that the output gap was very close to zero or even positive in 2018 for all
countries except Greece and Luxembourg where GDP is approximately 7% and 2% below the trend
value, respectively. Therefore, the huge long-lasting fall in GDP experienced by most countries is not
a consequence of a decline in the output gap, but is caused by a decrease in the trend component of GDP.

A more detailed discussion on the output gap can be found in Section 5 where a comparison with
HP-filtered estimates of the gap is described.

4.2 Growth of GDP trend component

A decline in the growth g, of the GDP trend component during the current economic crisis has been
detected for most countries. Similar results were found by Lemoine et al. (2011), Ball (2014) and Haltmaier
(2012). However, there are some exceptions. GDP growth in the Czech Republic was highly volatile
with downturn as well as upturn movements. Malta even experienced an increase in the growth g, of
the GDP trend component. This makes the long-run development of GDP in this economy practically
unaffected by the current economic crisis. Growth g, was virtually constant during the studied periods
in Denmark, Ireland, Italy and Poland.

These results correspond to the previous findings reported earlier in this paper in Section 3.1 when
discussing estimates of 100o, . The estimated volatility 1006, of the random error w, in Formula
g, =g, +w, was found to be zero for these aforementioned countries (Denmark, Ireland, Italy and
Poland). As already discussed above, zero estimates of 100c,, in these countries (leading to the constant
growth rate g, observed in the second column of Figure 2) are compensated by high estimates of 100c, ,
which applies especially for Ireland (1005, =2.82), but also for Poland (1005, = 0.95) and Denmark
(1006, =0.76).

Figure 3 summarizes the development of the growth g, of the GDP trend component during the crisis
and post-crisis periods in selected European economies. Specifically, a change (in percentage points) of
g, is calculated for the crisis period 2005 Q1-2010 Q1 and the post-crisis period 2010 Q1-2018 Q4
according to the relations 100 '(g201oQ1 ~ &200501 ) > 100’(820|xg4 ~ 801001 )

The most remarkable decline of g, during the crisis period is detected for Latvia, Romania and Hungary.
Fortunately, those countries hit most by the current crisis experienced an increase of g, during the post-
crisis period. A substantial decrease of g, in the crisis period is also observed for Bulgaria, Croatia,
the Czech Republic and Greece. Furthermore, Cyprus, Lithuania, Portugal, Slovenia and Spain suffered
from a (moderate) decline of g, in both crisis and post-crisis periods.
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Figure 3 Decline in the growth g, of the GDP trend component between 2005 Q1-2010 Q1 (crisis period)
and 2010 Q1-2018 Q4 (post-crisis period)
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Source: Authors own calculations based on data obtained from Eurostat (2018)

These results correspond closely to the findings previously discussed in this paper. Specifically, the
growth g, of the GDP trend component was found to be highly volatile (due to high and statistically
significant o)) in the following countries: Bulgaria, Cyprus, the Czech Republic, Greece, Hungary, Latvia,
Malta, Portugal, Romania and Spain. Comparison with Figure 3 shows that all these countries (except
Malta) are economies facing problems with a decline of g, .

Figure 2 shows that the growth g, of the GDP trend component was even negative for some time in
some countries, namely the Czech Republic, Germany, Greece, Hungary, Portugal and Spain. Nonetheless,
it was in positive values in 2018 for all these countries except Greece where a negative growth rate g,
persisted until 2018Q4 (the last date in the data set). But it would be too soon to conclude that the long-run
GDP growth g, has already recovered. The variable g, in 2018 attained much lower values (compared
with the values of the pre-crisis period) for most of the economies.

4.3 Trend of unemployment rate

The smoothed unemployment rate trend is found to be constant for most economies. A slight variation
of the trend I, is observed for Austria, Belgium, Bulgaria, Estonia, France, Hungary, Italy, Malta,
Slovenia and the United Kingdom. The case of Malta is specific in that the trend L, closely corresponds
to the observed unemployment rate U,. A similar result is reported by Clark (1989) for Japan.
An interesting finding is that some upward tendencies of [, might be observed only in France. Downward
tendencies of [, are visible in Estonia, Hungary, Malta and the United Kingdom. These findings support
the hypothesis that hysteresis effects have not played an important role.

The constant smoothed unemployment rate trend for most economies is an important and interesting
result. It is surprising, especially for countries like Cyprus, Greece, Ireland, Latvia, Lithuania, Poland,
Portugal and Spain, because the observed unemployment rate in these economies ranges from 0.05
to 0.25 (or even higher). Huge fluctuations of the observed unemployment rate U, in these countries are
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thus caused by large swings in cyclical component C, of the unemployment rate and not by movements
in the trend L, . This conclusion might seem at odds with economic intuition. The reason for this result
is that the unemployment rate U, has been decreasing systematically and significantly in the last few
(5-8) years in these economies.

Similar results regarding the constancy of the trend component L, were also obtained by Clark (1989)
for West Germany and the United Kingdom. Clark reports that the estimated trend component L, and
observed unemployment rate U, ranged between:

a) L, €(0.045;0.075), U, €(0.03;0.11) for the US economy (1947 Q1-1986 Q2),
b) L, €(0.05,0.08), U, €(0.03;0.13) for Canada (1955 Q1-1986 Q2),

©) L,=0.015, U, €(0.01;0.09) for West Germany (1960 Q1-1986 Q2),

d) ,=0.02, U, €(0.015;0.13) for the United Kingdom (1960 Q1-1986 Q2),

e) L, =U, €(0.01;0.03) for Japan (1960 Q1-1986 Q2).

According to Clark’s (1989) findings, trend component L, Lturned out to be practically constant in
West Germany and the United Kingdom despite the fact that the observed unemployment rate U, spanned
a considerably wide interval. Clark also reports that L, and U, practically coincide in Japan, which
is a result that we detected for Malta. A surprising result is that the development of L, and U,, which
would resemble Clark’s (1989) findings for the USA and Canada (L, is less volatile than U, , but is not
constant), was detected only for a few European economies. This suggests that individual European labour
markets are fundamentally different to labour markets in the USA and Canada. One possible explanation
is that the trend component L, is influenced to a great extent by labour market institutions, which are
not as flexible in Europe as in the USA or Canada.

5 COMPARISON WITH HP FILTER

The output gap estimated by Kalman smoother will now be compared with the gap obtained by applying
an HP filter as a robustness check. Hodrick and Prescott (1997) proposed setting a smoothing parameter
equal to 1 600 for quarterly data. This suggestion is based on their empirical investigation of the US
economy. As individual European countries studied in this paper might be fundamentally different to
the US economy, other values of the smoothing parameter suggested in literature (Baxter and King,
1999; Backus et al., 1992; Correia et al., 1992; Cooley and Ohanian, 1991) will be taken into account.
This robustness check is important as Boda et al. (2015) argue that an improperly chosen smoothing
parameter might cause illusive cycles to appear. Other disadvantages of an HP filter are discussed by
Boda and Povazanovd (2019) and Plasil (2011).

For annual data, Baxter and King (1999) recommended a value of around 10, and Backus et al. (1992)
advised setting a smoothing parameter equal to 100, whereas Correia et al. (1992), and Cooley and
Ohanian (1991) proposed a value of 400. According to Ravn and Uhlig (1997), the smoothing parameter
for quarterly data relates to its analogue for annual data according to the relation 4., = 4,a 4%,
which yields the following smoothing parameter values for quarterly data: 2 560, 25 600 and 102 400.

The output gap calculated by the HP filter with a smoothing parameter equal to 2 560 was virtually
the same as for the most common value of 1 600. For this reason, only the values 1 600, 25 600 and
102 400 are taken into account. Figure 4 compares the output gap calculated by applying the HP filter
with that obtained by Kalman smoother.
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Figure 4 Estimates of output gap obtained by Kalman smoother and HP filter with smoothing parameter set equal
to values of 1 600, 25 600 and 102 400
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(continuation)

Figure 4
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The (dis)similarity of the discussed output gap estimates can be measured by root mean squared error
(RMSE) as follows:

i(xll(alman _ xtHP,Z )2
RMSE (A) = \|-4———

>

Kalman

where X, is the output gap obtained by Kalman smoother, x/" A represents the output gap calculated

by HP filter with smoothing parameter A, and 7 is the number of observations for a given economy.
RMSE was calculated for all 28 European economies with results summarized in Figure 5.

Figure 5 Comparison of output gap estimates x,**™" and x,"™ (A = 1 600, 25 600, 102 400) using root mean squared

error (RMSE)
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Figure 5 illustrates that different methods produced very similar results, especially for Austria, Belgium,
Denmark, France, Norway, Poland and Sweden. The opposite is true mainly for Greece, where x*“""

t
differs significantly from x," * regardless of the smoothing parameter A . Considerable differences

between Kalman- and HP-filtered output gap measures are also detected for Cyprus, the Czech Republic,
Finland, Germany, Ireland, Latvia, Lithuania and Romania.

Nonetheless, it can be seen from Figure 4 that a similar development of xtK"l’”“” and x"” “ is observed
even in countries with the highest RMSE (Greece and Romania), i.e. time periods where the output gap
is rising (decreasing) are mostly the same for all output gap estimation methods.

Moreover, there are some facts that proved to be robust across all the applied methods of estimation.
Firstly, the output gap has already recovered since the crisis and is close to zero or even positive at the end

of the sample in 2018 for most studied economies. Exceptions might be Greece, Italy and Luxembourg,
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where the HP filter suggests positive close-to-zero values of the output gap for all values of the smoothing
parameter, but the Kalman smoother indicates a negative value of the gap. Secondly, the output gap
experienced a decline after the beginning of the crisis in 2008 in all countries. There are a few exceptions to
this when the gap is estimated by Kalman smoother (Germany, Malta, Poland and Romania). Nonetheless,
HP-filtered estimates of the gap indicate a slump even in these countries.

Mostly, the Kalman smoother estimates the decrease in the gap after 2008 to be deeper and more
prolonged than the HP filter. Nonetheless, this difference is smaller when the smoothing parameter
is set to higher values.

The output gap calculated by HP filter with a smoothing parameter equal to 1 600 is usually very
close to zero even in times of crisis, which seems unrealistic, especially for economies like Greece.
The output gap in this country ranges only from —0.05 to 0.05, was already equal to zero in 2014 and GDP
was already above its trend in 2018 according to this estimate. Such a situation is highly unrealistic given
the huge problems in this economy. Setting higher values of the smoothing parameter leads to a much
wider range within which the HP-filtered output gap in Greece oscillates. This makes the HP-filtered gap
much closer to the gap estimated by Kalman smoother. A similar situation can also be seen in Cyprus,
Denmark, Italy, Portugal, Slovenia and the United Kingdom.

Another unrealistic feature of the gap calculated by HP filter is that it was estimated to be positive
at the beginning of the crisis in 2008 in all 28 studied economies. It is rather unrealistic that all 28 economies
with mostly unsynchronized business cycle fluctuations would be in the same phase of the cycle at
one specific moment. Output gaps obtained by the Kalman smoother have more realistic features
as the (Kalman) smoothed gap had a negative value in Germany in 2008 and was roughly zero in Finland,
Hungary, Luxembourg, Malta, Portugal and Romania.

CONCLUSION

An extensive empirical investigation has been carried out in this paper. Parameters of the well-known
unobserved components Clark’s (1989) model were estimated for 28 European economies. Consequently,
the estimated model was applied in order to (1) empirically analyse cyclical and trend components
of GDP and the unemployment rate, and (2) investigate the validity and strength of Okun’s law.

Econometric estimation revealed that output has a highly persistent stationary cyclical component for
all studied economies except Malta and Romania. Both cyclical and trend components in Malta are quite
atypical and different to other European economies. Interestingly, there is a notable similarity between
this economy and Japan when the results reported in this paper are compared with those obtained
by Clark (1989). Comparison with ClarK’s (1989) estimates also confirms that the persistence of the gap
in all European countries (apart from Malta and Romania) is much higher than in the US economy.

The negative impact of the current economic crisis on the long-run growth of the GDP trend turned out
to be highest in Bulgaria, Croatia, the Czech Republic, Hungary, Greece, Latvia and Romania. Fortunately,
those countries hit most by the current crisis (Hungary, Latvia and Romania) experienced an increase
in the growth of the GDP trend component during the post-crisis period after 2010.

These results correspond closely to the findings regarding the variability of the growth of the GDP
trend component — high and significant volatility was detected for Bulgaria, Cyprus, the Czech Republic,
Greece, Hungary, Latvia, Malta, Portugal, Romania and Spain. The highest standard deviation value was
observed for the Czech Republic, so the long-run growth in the Czech Republic is substantially variable.

These findings regarding substantial heterogeneity across individual countries emphasize the importance
of analysing disaggregated European data. Such an approach taken in this paper represents a significant
contribution to empirical literature as many studies use only aggregated European data (Azevedo et al,,
2003; Berger and Everaert, 2008; Berger, 2011; Bernhofer et al., 2014; Chen and Mills, 2012; Galati et al.,
2016; Lemoine et al., 2010; Orlandi and Pichelmann, 2000; Proietti, 2004).
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Parameter estimation of the equation describing the negative relation between output gap and cyclical
unemployment rate confirmed the validity of Okun’s law as the total effect of the output gap on the gap
of unemployment rate turned out to be negative in all studied economies. When assuming that only
the contemporary output gap has an influence on unemployment, then (1) statistical insignificance
of Okun’s law coefficient at the 10% level was detected only in four economies (Luxembourg, Malta,
Norway and Romania), and (2) statistical significance of Okun’s law parameter at the 1% level was observed
in 17 countries among all 28 studied economies. Cyclical properties of the unemployment rate are thus
driven mainly by the cyclical component of GDP. We therefore confirm Ball et al’s (2017) assertion that
Okun’s law is a strong and stable relationship in most countries, one that has not changed substantially
during the current economic crisis.

Estimated coeflicients in Okun’s law turned out to be in line with other empirical studies. The median
value for the overall effect of the output gap on the unemployment rate for the 28 analysed economies
is —0.60, which is quite close to Clark’s (1989) estimate of —0.51 as well as to Kim and Nelson’s (1999)
estimate of —0.57 for the US economy. Other empirical studies for aggregate euro area data usually report
values within the interval (-0.6; -0.5) (Berger, 2011; Berger and Everaert, 2008; Orlandi and Pichelmann,
2000).

Another important finding is that estimated parameters in Okun’s law vary quite substantially across
countries, which is in line with Ball et al’s (2017) results. Therefore, the assumption of constancy of this
parameter across individual economies made in some empirical studies (e.g. Novak and Darmo, 2019)
is not satisfied.

The volatility of the trend component of the unemployment rate turned out to be quite low. This was
suggested by the fact that the standard deviation of the random error associated with this trend component
was statistically significant in only approximately half of the studied economies. It was also supported by
the calculated smoothed trend of the unemployment rate, which proved to be constant for most countries.
Therefore, possible hysteresis effects in European labour markets have not played an important role yet. This
is an interesting result, especially for economies like Cyprus, Estonia, Greece, Ireland, Latvia, Lithuania,
Poland, Portugal and Spain. These countries exhibit huge swings in their unemployment rate, which
are caused by movements in the cyclical component and not in trend. Similar findings were reported,
for example, by Clark (1989) for West Germany and the United Kingdom.

The opposite is true for GDP because the huge long-lasting decline in GDP experienced by most
countries is caused by a decline in the trend component of GDP and not in the cycle. The output gap
decreased after 2008 in most countries (except Germany, Malta, Poland and Romania) but was very close
to zero or positive in 2018 (except Greece). The long-lasting slump of GDP is thus caused by a decline
in the trend.

A robustness check was performed for the output gap estimated by Kalman smoother because
of the great economic importance of this variable. Specifically, the Hodrick-Prescott filter was applied
and multiple values of the smoothing parameter were taken into account due to uncertainty about
the correct value of this parameter for different European economies. The results obtained from
the HP filter were quite similar to those obtained by the Kalman smoother, especially for Austria, Belgium,
Denmark, France, Italy and Norway. The opposite is true mainly for Greece, which is an economy with
non-standard economic conditions as this country is currently facing huge economic problems.

Some important facts proved to be robust across different methods - the output gap declined after
the beginning of the crisis in 2008 in virtually all countries, but the gap has already recovered and was
close to zero or even positive at the end of the sample in 2018. The output gap obtained from the HP
filter also had some unrealistic features. This makes the estimates obtained by the Kalman smoother
preferable, which supports the view given by Harvey and Jaeger (1993) regarding the superiority
of the unobserved components approach to simple detrending methods. In some cases, unrealistic features
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of the HP-filtered gap were overcome by increasing the smoothing parameter above the most commonly
used value of 1 600 (for quarterly data), which demonstrates that this commonly applied value might not
be appropriate for all European economies.

The formulated model could be extended mainly in two ways. Firstly, the Phillips curve describing
the relation between the output gap and inflation could be added into the model as done by Kloudova
(2013), Orlandi and Pichelmann (2000), Benes and N’Diaye (2004), Berger and Everaert (2008) and
Berger (2011). Secondly, structural breaks in some variables as well as correlations between shocks
to the unemployment rate and corresponding shocks to output might be considered as in Berger (2011),
Chen and Mills (2012) and Proietti (2004).
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