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Abstract. Generally, economic performance declines and the unemployment rate rises during the eco-
nomic crisis. This relationship was confirmed in the past several crises. Last crisis was during 2008 and 
2009. The aim of the paper is to estimate output gap and to decompose the unemployment rate.  We 
can decompose unemployment into several components – seasonal, cyclical and structural. We focused 
on Visegrad Group countries (Czech Republic, Hungary, Poland and Slovakia). Quarterly data from the 
Eurostat database in the period between 2000 and 2012 were applied. In order to estimate the trend of 
the unemployment rate´s development was used Hodrick-Prescott filter. Data show that all observed 
economies recorded a low unemployment rate in a pre-crisis period and they had to face worsened la-
bour market performance during and after the crisis. Our results suggest that structural component 
seems to be the most important component of unemployment. However, it has decreased in these coun-
tries, except Hungary. 
Keywords: Hodrick-Prescott filter; labour market, NAIRU; output gap; regional disparites, structural un-
employment, Visegrad group. 
JEL classification: C82, J64. 
 

 
1. Introduction 
 
In labour economics, unemployment is seen as a 
phenomenon when there is a market surplus of 
supplied amount of labour in the market. In other 
words, unemployment occurs when a person who 
is actively searching for employment is unable to 
find a job. Unemployment is often used as a meas-
ure of health of the economy. The most often used 
measure of unemployment is the unemployment 
rate. This is usually the number of unemployed 
persons that are actively searching for employment 
divided by the number of people in the labour 
force. 

However, the problem of unemployment is 
very complex because there are numerous ways 
how to decompose it (e. g. voluntary vs. invol-
untary; short-term vs. long-term). According to 
C. McConnell and S. M. Brue (2009) the overall 
rate of unemployment does not distinguish be-
tween the labour force who are experiencing 
short unemployment spells and those who are 
going through long periods of unemployment. In 
these boundaries, we have to look at this phe-
nomenon as movements of the labour force be-
tween categories of labour force statute such as 
population not in the labour force, unemployed 
or employed labour force. There is a measurable 

stock of people in each of these three categories. 
But these stocks are simultaneously being de-
pleted and replenished by numerous flows into 
and out of each category. Changes in these rates 
of these flows can significantly affect the unem-
ployment rate. 

In the context of this paper, it is important 
to distinguish between three essential types of 
unemployment: (i) frictional unemployment; (ii) 
cyclical unemployment; and (iii) structural un-
employment. The first one is related to situation 
that not all active job searchers will have yet 
found or accepted employment, and not all em-
ployers will have yet filled their job vacancies. 
This type of unemployment consists of search 
unemployment and wait unemployment. The 
second one is given by cyclical changes in eco-
nomic performance. It contributes to decreasing 
in overall unemployment during the period of 
economic growth and to its increasing during the 
period of economic downturns. The last one is 
part of a national natural rate of unemployment 
which is associated with economic performance 
at the level of potential product; or in other 
words unemployment rate that persist regardless 
of the rate of inflation. Structural and frictional 
unemployment are usually considered among 
unpleasant and exogenous facts of economic life 
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about which little can be done. As demand and 
supply changes, employment must also shift.  

As written above, there is no doubt that the 
business cycle influences unemployment. Howev-
er, the impact of economic downturns on structural 
unemployment will depend on many factors. By 
weakening the labour market situation, economic 
downturns can lead to an increase in structural un-
employment; through hysteresis effects whereby 
the path of actual unemployment influences struc-
tural unemployment (see Furceri and Mourougane, 
2009). The level of structural unemployment re-
flects many different aspects, i.e. the wage bar-
gaining system, the unemployment benefit system 
including eligibility and availability rules, tax 
rates, the scale and character of active labour mar-
ket measures, hiring and firing rules, the educa-
tional composition of the labour force, the intensi-
ty of product market competition, etc. 

The paper is structured as follows: (i) in the 
first part, the paper deals with theoretical-
methodological background; (ii) the second part 
focused on empirical results - we estimate and 
compare output gaps and structural unemployment 
among the Visegrad group countries; and the last 
part concludes. 

 
2. Theoretical background 
 
The concept of structural unemployment is related 
to the fact, that the rate of inflation can be high - 
and increasing - even though the rate of unem-
ployment is relatively high. Structural unemploy-
ment might be defined as the level of unemploy-
ment compatible with stable inflation in a 
medium-term perspective. This definition implies 
that macroeconomic policy cannot permanently 
reduce unemployment below the structural level. 
This somewhat pragmatic definition of structural 
unemployment is not synonymous with the theo-
retical term NAIRU (non-accelerating inflation 
rate of unemployment), although closely related 
(Gersing, 1997). There is much confusion and dis-
agreement among economists concerning the defi-
nitions of the natural rate of unemployment and 
the NAIRU. For some economists these two terms 
are interchangeable. However, recent studies indi-
cated that the term NAIRU and natural rate of un-
employment are not substitutable (Claar 2005). 

The concept of the natural rate of unemploy-
ment (NRU) represents the hypothetical unem-
ployment rate consistent with aggregate produc-
tion being at the "long-run" level. This level is 
consistent with aggregate production in the ab-
sence of various temporary frictions such as in-
complete price adjustment in labour and goods 
markets. The natural rate of unemployment there-

fore corresponds to the unemployment rate pre-
vailing under a classical view of determination of 
activity. It is mainly determined by the economy's 
supply side, and hence production possibilities and 
economic institutions. If these institutional fea-
tures involve permanent mismatches in the labour 
market or real wage rigidities, the natural rate of 
unemployment may feature involuntary unem-
ployment. 

Romer (2005) argues that the development of 
the theory of the natural rate of unemployment 
came in the 1960s where economists observed that 
the Phillips-curve relationship between inflation 
and unemployment began to break down. Until 
then, it was widely believed that a stable negative 
relation between inflation and unemployment ex-
isted. This belief had the policy implication that 
unemployment could be permanently reduced by 
expansive demand policy and thus higher inflation. 
Nevertheless, if we look at the original Friedman´s 
paper (1968) we do not find a clear, well-defined 
characterization of this concept, but rather descrip-
tion of some features that it should have.  This re-
sulted in the hysteresis hypothesis, which states 
that cyclical fluctuations in the labour market 
might affect the unemployment rate permanently 
and might lead to a long-term persistence. This 
means that the unemployment should be an inte-
grated process (see Gomes and Silva, 2009). 

According to Weiner (1993) when the econ-
omy is at the natural rate of unemployment, infla-
tion tends to be constant from one year to the next. 
Individuals come to expect this inflation rate and 
base their decisions on it. Any attempt to use mon-
etary of fiscal policy to reduce unemployment be-
low the natural rate of unemployment ultimately 
results in higher inflation. Under such a scenario, 
aggregate demand increases, prices rise, but wages 
initially lag behind. As a result, firms have an in-
centive to hire more workers to produce more out-
put and the unemployment rate declines. The de-
cline in unemployment is temporary, however, 
because workers eventually demand higher wages. 
The increase in inflation, in contrast, is permanent. 
The central bank can set the inflation or the eco-
nomic cycle. If the central bank follows the infla-
tion variability, the society must tolerate the output 
gap variability. On the other side central bank can 
set the economic cycle goal. It means the central 
bank minimises the output gap variability (for 
more detailed analysis see Kotlán, 2001). 

The OECD distinguishes between a long-run 
structural rate of unemployment (NRU), corre-
sponding to Friedman’s original natural rate, de-
termined by economic fundamentals, and the non-
accelerating inflation rate of unemployment 
(NAIRU) as a short-run phenomenon. The latter 



M. Tvrdon 

606 

may differ from the NRU, when structural or de-
mand shocks occur. In general, the NAIRU is con-
sidered an extension of Friedman’s natural rate 
when labour markets are not competitive and most 
of the literature overlaps the two concepts (Chia-
rini and Piselli, 2001). 

We understand structural unemployment 
something between pure short-run and long-run 
NAIRU depending on the changes in actual un-
employment. Structural unemployment is a form 
of unemployment where, at a given wage, the 
quantity of labor supplied exceeds the quantity of 
labor demanded, because there is a fundamental 
mismatch between the number of people who 
want to work and the number of jobs that are 
available. According to Gersing (1997) if actual 
unemployment equals the structural rate and if 
unemployment has been constant for some time, 
inflation will be (approximately) constant, 
whereas a reduction in unemployment below the 
structural level will give rise to steadily increas-
ing – or at least unsustainably high – inflation. 
According to Herz and Rens (2011) there are four 
sources of structural unemployment in the model. 
Each segment of the labour market is character-
ized by four variables: the job finding rate, which 
measures how hard it is for workers to find a job; 
the worker finding rate, which measures how 
hard it is for firms to find a worker; workers´ sur-
plus from having a job over being unemployed; 
and firms surplus of having filled position over a 
vacancy. In the absence of adjustment costs, 
worker mobility, job mobility and wage adjust-
ment lead to equalization of labour market condi-
tions across segments. Worker and job mobility 
costs, wage bargaining costs and heterogeneity in 
matching efficiency generate dispersion in labour 
market conditions and therefore structural unem-
ployment. 

We can find three basic estimation groups of 
methods how to estimate structural component of 
unemployment: (i) structural method; (ii) stati-
tistical method; (iii) the reduced-form method. 
The first group is based on modelling aggregate 
wage and price setting behaviour in structural 
form. However, according to Turner et al. (2001) 
the derived measure of equilibrium unemploy-
ment corresponds more closely to a measure of 
the long-run equilibrium rate of unemployment 
rather than the NAIRU which commonly appears 
in reduced-form Phillips curve specifications. 
Moreover, another problem which is associated 
with this method is considerable difficulty in 
quantifying many of the relevant institutional var-
iables (employment protection legislation, unem-
ployment benefits or the degree of unionisation). 
The second group involved purely statistical 

methods that concentrate on the actual unem-
ployment rate and its split into structural 
(NAIRU) and cyclical components. According to 
Turner et al. (2001) the assumption behind these 
approaches is that, since there is no long-term 
trade-off between inflation and unemployment. 
The third approach is based on the expectation-
augmented Phillips curve. This approach has the 
major advantage of being directly related to the 
definition of the NAIRU.  

One of the purely statistical methods is fil-
tering using the Hodrick-Prescott filter. This 
method attempts to estimate the NAIRU using 
purely statistical technique to directly split the 
not seasonally adjusted unemployment rate into 
cyclical and trend components, with the latter 
identified as the NAIRU. To estimate structural 
component of unemployment, it is necessary to 
have just the time series of the unemployment 
rate – in our case the seasonally not adjusted un-
employment rate. Quarterly data between the 
years 2000 and 2012 (52 observations) obtained 
from Eurostat database were applied. The stand-
ard ANOVA (analysis of variance) was carried 
out in order to determine the presence of quarter-
ly seasonality in the unemployment rates series. 
Unemployment rates usually exhibit significant 
seasonality. There are several methods and tech-
niques to adjust time series, e.g. Census X12 and 
TRAMO/SEATS. The first program is produced 
and widely used by the U.S. Census Bureau. 
TRAMO (Time series regression with ARIMA 
noise missing observations and outliers) and 
SEATS (Signal extraction in ARIMA time se-
ries), was developed by Gómez and Maravall 
(1996). For more details to seasonal adjustment 
and TRAMO/SEATS method see Gómez and 
Maravall (1998). TRAMO preadjust the series to 
be adjusted by SEATS Maravall and Sánchez 
(2000). Both of them are officially used by Euro-
stat and Czech statistical office. Hence this meth-
od was applied to seasonal adjustment. 

We applied the Hodrick-Prescott filter (HP 
filter) for estimation structural component of un-
employment. We used methodology which can be 
found in Němec (2008), Tasci (2012), Tvrdon, 
Tuleja and Verner (2012) and da Silvia Filho 
(2010). This method is quite frequently used to 
filter the trend and the cyclical time series. The 
only input parameter for the optimal filter, we 
have to specify, is an appropriate smoothing con-
stant λ. It is defined as the ratio of dispersion of 
shock causing cyclical fluctuations and shocks 
affecting the growth trend Hlousek and Polanský 
(2007). 

The filter is characterized by this formula 
Hájek and Bezdek (2001): 
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where: 

U denotes the seasonally adjusted unemploy-
ment rate,  

U* is the trend component of unemployment,  
λ is a parameter determining the smoothness 

of the trend smoothing. For λ = 0 the natural rate 
of unemployment is equal to the real unemploy-
ment rate, for λ → ∞ the trend will be a straight 
line. 

When choosing a value of smoothing constant 
λ, we then drew on generally accepted recommen-
dations – experts consider optimal value 14400 for 
monthly data, 1600 for quarterly data and 100 for 
annual data (Rozmahel (2011), Gerlach and Yiu 
(2004), Zimkova and Barochovský (2007) or 
Hájek and Bezděk (2001).  

When we had adjusted time series, we applied 
the Hodrick-Prescott filter to identification a trend 
component of unemployment. The difference be-
tween the estimated trend and the original season-
ally adjusted time series represents the cyclical 
component of unemployment (when you turn the 
sign). Structural unemployment, we subsequently 
computed as part of the residual of the total rate 
after deducting seasonal and cyclical components. 
The disadvantage of this method of estimation us-
ing the HP filter represents, according to Hajek 
and Bezdek (2001), the fact that the results are 
mainly at the end of the series somewhat skewed. 
In other words, it means that they tend to be least 
reliable at the end of the sample. However, adding 
a few data of forecasts to the end of the data sam-
ple has become standard practice. 
 
3. Empirical results 
 
Visegrad group economies (V-4) recorded rela-
tively decent economic growth in the years 2000 
to 2011. The slowest growing economy was Hun-
gary with the average growth rate of 2.1% in the 
observed period. The Czech economy´s average 
economic growth amounted to 3.3% per year. 
Polish economy grew on average by 4.0% per year 
and the most successful country in terms of real 
GDP growth posed Slovakia with the average 
growth rate of 4.4%. According to Vintrová (2008) 
this development can be explained by accession to 
the EU and cultivating institutional framework of 
the economy. These two factors helped to make 
these countries as an attractive destination for for-
eign capital. The massive inflow of foreign direct 
investments subsequently accelerated trade inte-
gration within the EU and among other things 

economic growth driven by exports. Although 
these countries grew faster than the euro area 
countries, their level of real GDP per capita in 
purchase parity standards (PPS) still lagged be-
hind. 
 

 
Fig. 1. Output gap: Czech Republic (source: Eurostat) 
 

Based on our estimated values of the output 
gap, we conclude that before the outbreak of the 
economic crisis, the Czech economy was in a sig-
nificant expansion, which peaked in 2008Q2. 
Therefore, we presumed that factors of production 
were used with too much intensity before the 
"spill-over" of the crisis into the Czech economy. 

 

 Fig. 2. Output gap: Hungary (source: Eurostat) 
 

The real product of the Hungarian economy 
was below potential output for most of the period. 
It should be noted, however, that the negative out-
put gap was not large. The growth rate of the Hun-
garian potential product was not as dynamic from 
mid-2000 as it was in previous years. In contrast, 
growth rate had accelerated in other countries, 
mainly due to different trends in investment and 
employment growth. Moreever, real GDP growth 
deteriorated in comparison with rest of Visegrad 
group. Divergence acquired its peak in 2006, when 
real GDP growth fell to 3.9% at a time when most 
countries in the EU has accelerated their economic 
performance. The Hungarian economy showed 
signs of overheating at the beginning of 2008 (see 
Fig. 2), which can prove the existence of a positive 
output gap (it amounted to 3.3% in 2008Q1). The 
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deep slump in economic performance as the im-
pact of the economic recession in Western Europe 
also befell the Hungarian economy. 
 

 Fig. 3. Output gap: Poland (source: Eurostat) 
 

Same as other selected economies, in the case 
of Polish economy, there were two periods when 
this economy found itself in a positive output gap. 
The main factors of significant economic growth 
were increasing labor productivity and better use 
of labour. Labour productivity growth was sup-
ported by strong investment, which was financed 
largely by capital that flowed into the country 
from abroad (see OECD 2008). Looking at the 
negative output gap, we can see that it did not 
reach such proportions compared to the remaining 
economies of the Visegrad group (Fig. 3). This can 
be mainly attributed to the size of the Polish econ-
omy, which is by far the largest of the countries 
and it is not so dependent on foreign demand, as 
other countries V-4. 

 

 Fig. 4. Output gap: Slovakia (source: Eurostat) 
 

Slovak economy recorded most distinct eco-
nomic growth before the crisis of the real econo-
my. Significant economic growth in this period 
can be explained by undertaken economic re-
forms that have attracted foreign direct invest-
ment and improved the functioning of the labor 
market. Horváth and Rusnak (2008) concluded 
that the variations in Slovak economic perfor-
mance were mainly due to domestic factors that 
contributed to these fluctuations of approximately  

70%. This may reflect the positive role of Slovak 
economic reforms, which aimed to increase the 
efficiency of the economy and labour market 
flexibility. According to Konuki (2008) estima-
tions of output gap show a rapid shift of the 
economy to a positive output gap in 2006-2007. 
However, some signs of overheating were ob-
served in this period. 

Development of the Czech labour market 
shows Figure 5. The initial quarter (1Q2000) was 
characterized by the high unemployment rate and 
low level of unfilled jobs. The figure shows that 
the Czech labour market has undergone four cy-
clical changes during the observed period. The 
first positive cyclical influence on the total un-
employment rate occurred between 2001Q1 and 
2003Q1, the second one occurred from 2007Q1 
to 2009Q1. The fundamental difference between 
these two cycles consisted of dynamics. While in 
the first cycle, shifts were minor, there were sig-
nificant shifts during the second cycle (Fig. 2) 
Moreover, latter one was caused by significant 
economic growth during this period. Each cycle 
started by gradual improvement of labour market 
performance. This trend was reflected by reduc-
ing unemployment and raising the number of un-
filled jobs. In the next phase, after reaching the 
summit, unemployment started to grow and the 
number of unfilled jobs started to decline as the 
consequences of the economic crisis. These phas-
es of business cycle were seen during 2003Q3 
and 2006Q3 and the second period lasted be-
tween 2009Q3 and 2010Q2. If we look at the es-
timated structural unemployment rate we can see 
that it was decreasing over time. However, this 
movement seems to be insignificant. If we look at 
the pre-crisis period, we can see that the main 
source of a decrease in total unemployment rate 
were changes in cyclical unemployment. In addi-
tion, the most important component of unem-
ployment seems to be structural unemployment as 
seen from the Fig. 5. 
 

 Fig. 5. Decomposition of unemployment:Czech Repub-
lic (source: Eurostat) 
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As well as others Visegrad group countries 
Hungary was remarkably affected by the global 
crisis, although the development was different 
due to problems of internal nature. The Hungari-
an labour market can be described as rigid, 
though some shifts occurred during the observed 
period. In the first half of the observed period 
(until 2004), the unemployment rate was quite 
stable and stayed at a relatively low level. Since 
2004, however, the rate of unemployment has 
increased and the rate of unfilled jobs has de-
cline. Unlike other V-4 countries the subsequent 
development of the labour market was affected 
by the problems with which the economy strug-
gled. As shown in Fig. 6, the unemployment rate 
has increased continuously since 2008Q1, even 
labour market performance significantly im-
proved in the other V-4 countries. This insuffi-
cient labour market development was influenced 
by bad economic situation in the country which 
was caused by unstable finances, large fiscal im-
balances and high government debt. Given the 
size of fiscal imbalances, government had to raise 
state budget´s revenues, e.g. hikes in employee 
social contributions, value-added tax and busi-
ness taxation. Unlike other Visegrad group coun-
tries estimated structural unemployment rate in-
creased during observed period (see Fig. 6). 
Moreover, cyclical component of unemployment 
did not have so significant effect on total unem-
ployment. 
 

 Fig. 6. Decomposition of unemployment: Hungary 
(source: Eurostat) 

 
Polish labour market performance was wors-

ening by increasing the unemployment rate to 
beyond 20% accompanied by the low rate of un-
filled jobs in the first four years (see Fig. 7). It 
has started to improve since 2004 - the unem-
ployment rate gradually declined to a historically 
low rate of 7% before the economic crisis. Poland 
has had the highest real GDP growth since 2007 
among the Visegrad group and even the whole 
EU. According to OECD (2012) this strong per-
formance can be explained by substantial inflows 

of EU funds (which have contributed to modern-
ising transport infrastructure), stimulus from do-
mestic macroeconomic policies (through 2010), 
exchange-rate depreciation and effective pruden-
tial regulation of the comparatively solid finan-
cial system. Certain signs of overheating were 
recorded in 2008 - this is in line with the empiri-
cal evidence that the actual unemployment rate 
fell below the structural unemployment rate 
(Fig. 7). Though, like the rest of V-4 countries or 
other EU countries the unemployment rate started 
to increase again since the second half of 2008. 
 

 
Fig. 7. Decomposition of unemployment: Poland 
(source: Eurostat) 

 
Figure 8 shows labour market development 

in the Slovak Republic. The initial characteristics 
of the Slovakia labour market were similar to the 
Polish labour market – the high unemployment 
rate and a small number of unfilled job vacancies. 
An improvement of business environment, re-
structuring in banking sector and structural re-
forms (tax, social and labour market reforms) at-
tracted new greenfield FDIs, which boosted the 
potential growth of the economy as of 2004 
(Sramkova 2010). The unemployment rate was 
decreasing significantly during the pre-crisis pe-
riod. As in the Czech Republic and Poland we 
can see that negative cyclical unemployment was 
the main source of this development. Estimates in 
Tvrdon, Tuleja and Verner (2012) suggest that 
there was an overheating in 2008. This is in line 
with the empirical evidence that the actual unem-
ployment rate fell below the structural unem-
ployment rate (see Fig. 8). However, the Slovak 
labour market was influenced by the economic 
recession - the unemployment rate increased re-
markably and this increase was among the EU 
countries with the highest shift. According to 
Fidrmuc et al. (2013) euro adoption changed the 
composition of drivers of growth dramatically. 
Disinflation, enforced by the large output gap and 
increased unemployment, contributed to wage 
moderation and imposed a cap on job-rich do-
mestic demand growth. 
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Fig. 8. Decomposition of unemployment: Slovakia 
(source: Eurostat) 

 
4. Conclusions 
 
The aim of the paper was to perform decomposition 
of unemloyment in Visegrad group countries. We 
applied Hodrick-Prescott filter to estimate output 
gap and a trend component of unemployment. 
Looking at economic performance in the years 
2000-2011, measured by the growth rate of real 
gross domestic product, it is clear that the econo-
mies of Visegrad group significantly were growing 
during most of the period. Growth was disrupted by 
the economic crisis of 2008-2009, which caused a 
noticeable decline in real gross domestic product. 
This development was also reflected in the labour 
market – labour market performance measured by 
the unemployment rate deteriorated after 2008. The 
most important component of unemployment seems 
to be structural unemployment. It tends to be high 
although we can see remarkable differences among 
observed countries. The rate of structural unem-
ployment has decreased in the case of Czech Re-
public, Poland and Slovakia. On the other hand, it 
has increased in the case of Hungary. This mainly 
due to internal economic problems associated with 
public finances and government debt.  
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