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Abstract 
 
 The economic crisis, which began in 2008, is over. The Czech economy expe-
rienced strong GDP growth in 2015 and predictions for further years are also 
positive. Now, it is the time to assess impacts of the crisis period 2008 – 2014 on 
wage determination. Therefore, this paper focuses on a) identification of wage 
determinants, whose remuneration changed significantly during the examined 
period; b) assessment of sensitivity of wage returns to GDP development. The 
analysis was performed on individual data on ca 36% of all employees in the 
Czech Republic. The results showed significant increase of returns to white-collar 
occupation and a decrease of returns to education during the years 2008 – 2014. 
Also remuneration of many company characteristics was affected significantly. 
Further analysis revealed that returns to particular wage determinants are only 
rarely influenced by GDP development. 
 
Keywords : wage, human capital, education, business cycle, economic crisis, 
Czech Republic 
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Introduction 
 
 Research on wage determinants in the Czech Republic, as a transitional coun-
try, has been very intensive since the fall of the communist regime in 1989. First-
ly, attention was nearly exclusively paid to the changes in returns to education 
and work experience in the first decade of transition from a planned to a market 
economy (e.g. Flanagan, 1998; Chase, 1998; Večerník, 2001; Gottvald, 2002; 
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Münich, Švejnar and Terrell, 2005; Flabbi, Paternostro and Tiongson, 2007; 
Gottvald, Vašková and Janíková, 2012). Later, great attention was paid also to 
the examination of gender wage gap (e.g. Jurajda, 2003; Mysíková, 2012; Fili-
pová, Pytliková, Balcar and Gottvald, 2012; Filipová, Janíková and Gottvald, 
2012; Eriksson, Pytliková and Warzynski, 2013; Hedija, 2015). However, there 
are many papers investigating the influence of other specific factors on wages, 
wage determinants or returns to education. For instance, there are papers explor-
ing the effect of minimum wage increases on wages and employment (Eriksson 
and Pytliková, 2004), company performance and unemployment on wages (Basu, 
Estrin and Švejnar, 2004), the highly educated labour force supply on wage returns 
to university degree (Jurajda, 2005), immigration on wage structure (Dybczak and 
Galuščák, 2010), investigating foreign ownership wage premia (Eriksson and 
Pytliková, 2011), regional differences in returns to schooling (Jurajda, 2011), 
public-private pay gap (Picka, 2014) or returns to soft skills (Balcar, 2016). 
 The economic crisis in years 2008 – 2014 brought new questions, which this 
paper is going to answer: 
 1. Most of empirical studies suggest that returns to education and work expe-
rience changed significantly only in the first years of transition, whereas they 
were rather constant later (see review of literature). We use data from years 2008 
– 2014 for an estimation of returns to education and work experience, which 
enable us to assess their current trend. 
 2. There were two downturns during years 2008 and 2014, and it took 6 years 
to return to pre-crisis levels of GDP. What effects did this crisis have on em-
ployment, hours worked and wages? Are there any statistically significant differ-
ences in remuneration of particular wage determinants before and after the eco-
nomic crisis? We will focus on both supply and demand side factors. We expect 
minimal changes of supply side wage determinants, but significant changes 
among demand side wage determinants.  
 
F i g u r e  1  

GDP in years 2008 – 2014 (Czech Republic) 

 
Source: Czech Statistical Office (2015). 
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 3. Examination of effects of the crisis period on wage determinants’ remuner-
ation (see previous point) will be replenished with an analysis on its sensitivity 
on business cycle. It provides us with information on wage determinants whose 
market value is sensitive on GDP changes. Also in this case we expect that re-
muneration of demand side wage determinants will be more sensitive on the 
business cycle than supply side wage determinants. To the authors’ knowledge, 
there is no evidence on this topic for CEE countries thus far.  
 The paper is organized as follows. The next section summarizes empirical 
evidence on remuneration of education, work experience and selected demand 
side wage determinants since year 1989, which provides a solid benchmark for 
our results. In section 2, the data and model will be described. Section 3 discuss-
es results and answer research questions specified in the introduction. The last 
section will summarize findings of the paper. 
 
 
1.  Review of Literature 
 

 There are many empirical studies focused on wages, wage determinants and 
related topics in the Czech Republic (see the introduction). Their review can 
show us present trends of variables in which we are interested, and help us to 
evaluate the relevancy of our research questions. This overview will focus only 
on those determinants, which will be examined in this paper (see next section). 
 Returns to education and work experience have been investigated since late 
1990s in order to assess the influence of the transition on wage determination. 
However, also thematically different papers often provide relevant information to 
this topic. Table 1 summarizes available estimates of returns to a year of school-
ing (usually approximated by the number of years required to obtain certain de-
gree) and work experience (often approximated by age or number of years since 
finishing education). Although many papers provide information also on these 
returns by gender (not only for pooled sample) and particular educational levels, 
these results are not reported due to space limitation.  
 Several important facts stem from Table 1. Returns to education rose sharply 
at the beginning of the transition period, but remain relatively stable after years 
1996 – 1997. However, Jurajda (2005) and Eriksson, Pytliková and Warzynski 
(2013), who examined wage returns to university education (related to high 
school education), concluded that some limited increase of returns to education 
could occurred up to years 2001 – 2002. Returns to work experience show simi-
lar time patter with an exemption that these returns were decreasing up to a year 
1997. Subsequently, the returns were stable or slightly increasing. The table also 
shows that the development of returns to education and work experience is not 
well documented after the year 2002, which prevent us from making solid con-
clusions on their development in last decade.  
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 Unfortunately, empirical literature pays significantly less attention to de-
mand-side wage determinants. Authors of empirical studies always control rele-
vant demand-side variables in their models, but they rarely report or comment 
on their estimated coefficients.  
 Find methodically consistent results describing trends in remuneration of 
demand-side wage determinants is even more difficult. Only five of the above 
reviewed studies provide at least some description of these trends (Eriksson, 
Pytliková and Warzynski, 2013; Gottvald, Vašková and Janíková, 2012; 
Dybczak and Galuščák, 2010; Gottvald, 2002; Chase, 1998). 
 Occupation is a demand-side factor with a similar relevancy for wage deter-
mination as education in the case of supply-side determinants. It is trivial to con-
clude that more demanding occupation (e.g. ISCO 1 occupations) brings higher 
remuneration than less demanding ones, but results of Dybczak and Galuščák 
(2010) and Gottvald, Vašková and Janíková (2012) suggests that the returns to 
different occupations change in time significantly and may embody significant 
gender differences. Estimations of Dybczak and Galuščák (2010) show that 
returns to particular occupational groups were slightly decreasing for men, but 
stable for women between years 2002 and 2006.  
 On the other hand, Gottvald, Vašková, Janíková (2012) reported increasing 
returns between years 2005 and 2011. It raises a number of questions on factors 
influencing these trends. Are they driven by the business cycle or changes in 
educational and gender structure in particular occupational groups? How do re-
turns to education and work experience differ in these groups? Similar questions 
can be asked also in case of a development of remuneration of different NACE 
branches (see e.g. Chase, 1998; Dybczak and Galuščák, 2010; Gottvald, Vaško-
vá and Janíková, 2012). 
 Not only personal and job characteristics, but also firm characteristics matter. 
The size of a company is a significant predictor of wages – the bigger the com-
pany, the higher the wage (Gottvald, 2002; Gottvald, Vašková and Janíková, 
2012; Mysíková, 2012; Eriksson, Pytliková and Warzynski, 2013; Picka, 2014), 
but also this relationship is changing. Eriksson, Pytliková and Warzynski (2013) 
report a decreasing role of firm size as wage determinant during the period 1998 
– 2006. Ownership is the other firm characteristic with a significant effect on 
wages. Eriksson and Pytliková (2011) showed that foreign ownership, especially 
from Western Europe and USA, have a positive effects on wages. However, this 
quantitative effect of foreign ownership is very unstable over time (see Gottvald, 
2002; Eriksson, Pytliková and Warzynski, 2013). It can be expected that both the 
firm size and the foreign ownership premia are closely related to firm productivity 
(see Eriksson and Pytliková, 2011) and business cycle. 
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2.  Data 
 
 An Information System on Average Earnings (thereinafter ISAE) was em-
ployed as a dataset in this paper. ISAE is a linked employer-employee dataset 
covering all companies with more than 250 employees and a rotating random 
panel of companies with 10 – 249 employees in the Czech Republic. Data on 
wages and employment are harmonised with the Czech Statistical Office. It means 
that the sample is weighted according to representation of particular characteris-
tics in population. (The weighted OLS is, in fact, used for wage models estima-
tions.) This paper employs a subsample consisting exclusively of private sector 
companies in the period 2008 – 2014. It can be noted that the ISAE is a firm 
sample as it provides longitudinal data with respects to firms, but not individuals. 
 The data used in this paper provides information on characteristics of in-
dividual employees (gender, age, education and citizenship), performed jobs 
(occupation, role of supervisor and workload) and their employer (prevailing 
economic activity, company size approximated by the number of employees, 
ownership, firm’s wage bargaining regime and NUTS 3 region).2 These vectors 
of variables will be used for explanation of differences in gross hourly wage 
among employees. It can be emphasized that the gross hourly wage is reported 
directly by an employer (and thus is not counted from aggregate earnings and 
number of working hours), which increase accuracy of this dependent variable 
significantly. Estimated wage models will be used for an assessment whether 
wage returns to particular variables changed significantly during the period of 
economic downturn in 2008 – 2014. The ISAE dataset was replenished with data 
on GDP growth in each year of the period, which enables estimation of the im-
pact of business cycle on wages and returns to particular wage determinants. 
 As the impact of real GDP changes on wages is investigated in this paper, it 
was necessary to adjust wage data for a) inflation, i.e. wages in constant prices of 
the year 2014 are used, b) impacts of minimal wage changes and c) changes of 
tax system in the examined period. These adjustments were based on methodol-
ogy developed by private consultancy company TREXIMA, which has built the 
ISAE and ensures its performance on the basis of a contract with the Ministry of 
Labour and Social Affairs of the Czech Republic.  
 As the paper examines an impact of the business cycle on wage determination 
in the period 2008 – 2014, it would be ideal to have a stable panel of companies 
over the examined period. However, the sampling method of ISAE (coverage of 
all companies with more than 250 employees and use of a rotating random sample 
of companies with 10 – 249 employees) do not allow having stable panel of all 

                                                 
 2 See online Appendix 1 at <http://homen.vsb.cz/~bal112/app-03-01.pdf for descriptive statistics>. 



9 

 

size companies over long period – the sample would shrink to large companies 
only. The restriction of the sample to large companies could bring some bias of 
results as it can be expected that reaction of large companies to the crisis period 
was different than those of small and medium size companies. Therefore, a non- 
-stable panel of companies with 10 and more employees was used for an analysis 
performed in this paper. Authors believe that the sample consisting of ca 1.5 
million employees, i.e. ca 36.1% of all employees in the Czech Republic, brings 
robust results. In order to support this assumption, all models in the paper will be 
estimated also for a panel of large companies, which is stable over the examined 
period (it covers ca 24.5% of all employees). The results for the stable sample of 
companies will be discussed and compared with results for a full sample.  
 
 
3.  Influence of Business Cycle on Wage Determinati on 
 
 Employees can be threatened by economic downturn in three ways: a) wage 
decrease, b) workload decrease and c) job loss. Table 2 presents percentage 
changes in these values in particular phases of the business cycle in years 2008 – 
2014. It suggests that changes in employment and partly also in hours worked 
per employee represented the most significant channels for coping with changes 
in aggregate demand. It can be noted that wages did not react at all to the shock 
in 2009 – GDP declined by –4.84%, but wages continued to grow. The develop-
ment of wages in the following years suggests that they started to play a role of 
coping mechanism. 
 
T a b l e  2   

Changes in Wages, Hours Worked and Employment (in %) 

 2009 
downturn 

2010 – 2011 
upturn 

2012 – 2013 
downturn 

2014 
upturn 

GDP growth –4.84   4.30 –1.50   1.99 
Full sample 

Average hourly wages   3.02   1.05 –1.21   1.22 
Median of hourly wages   1.45   1.20 –1.14   1.37 
9th and 1st decile gross wage ratio    5.71   0.90   2.38   0.29 
Average number of hours worked –0.59   1.62 –0.47 –0.43 
Number of employees – – – – 

Large companies, stable panel 
Average hourly wages   2.95   1.06 –0.77   1.21 
Median of hourly wages   2.27   1.15 –0.48   1.30 
9th and 1st decile gross wage ratio   4.36 –0.32   3.23   0.00 
Average number of hours worked –0.28   1.87 –0.70 –0.29 
Number of employees –5.26   2.47   0.08   2.28 

 
Note: Changes in employment in case of full sample are not presented as companies in the sample do not 
represent a stable panel. See online Appendix 2 at <http://homen.vsb.cz/~bal112/app-03-02.pdf> for absolute 
values in particular years of the period.  
Source: Authors. 
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 However, small and statistically insignificant correlation coefficients between 
mean/median wage and GDP growth, incl. lagged GDP growth, confirm the lim-
ited role of wages in coping with changes in aggregate demand in 2008 – 2014. 
Also the wage level in absolute terms changed negligibly during the period 2009 
– 2014; it changed only by 1 – 2% depending on a sample and whether median 
or mean of hourly wage is discussed. On the other hand, it is noteworthy that 
wage inequality (measured by a ratio of 9th and 1st deciles) rose by 3.60% in the 
full sample (driven by a rise of differences between the 5th and 1st decile) and 
2.89% in large companies (driven by a rise of differences between the 9th and 5th 
decile) in the period 2009 – 2014. 
 What is the impact of the economic crisis on wage determination? Did the 
remuneration of particular wage determinants changed significantly during the 
crisis? First, gross returns to human capital (i.e. without controlling for occupa-
tion or company variables) can be mentioned briefly. Table 3 shows that gross 
returns to a year of schooling increased slightly from 9.63% to 10.09% in the 
period 2008 – 2014 (the change of regression coefficient is statistically signifi-
cant at the level 0.01), but the change occurred in the first period of the crisis 
(i.e. 2008 – 2011). The same development is also observable for work experience 
approximated by age, which increased from 4.10% to 4.51%. Some minor 
changes are observable also in remuneration from having different citizenship. 
The remuneration of employees from EU-15 or OECD countries decreased 
slightly in the examined period (the change is statistically insignificant from 
the perspective of the whole period), but remuneration of employees from other 
EU countries increased (mainly in the period 2011 – 2014). However, the gross 
returns to human capital can provide only a basic clue to the effects of the crisis 
on remuneration, but its rigorous assessment require an inclusion of many other 
variables on occupation and company, which have crucial effects on wages 
determination. 
 Therefore, Table 4 provides an estimation of wage models taking into account 
variables on individual, occupational and company characteristics (company 
characteristics are controlled by using company fixed effects). Controlling for 
these additional variables enables better capture of impacts of the crisis period on 
wage determinants as R2 of models in Table 4 reach the value 73.8 – 76.5% 
(compare with R2 of models in Table 3). The results show that only few statisti-
cally significant changes in remuneration of particular wage determinants oc-
curred between 2008 and 2014. They are significant increase of returns to white 
collar occupations (ISCO 1 – 4) related to elementary occupations (ISCO 9), 
which was concentrated mainly in the period 2008 – 2011, and a decrease 
of returns to a year of schooling concentrated in later period 2011 – 2014. It may 
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be concluded that a slight increase of gross returns to education and work ex-
perience (see Table 3) was caused by an increase of returns from white collar 
occupations, which are occupied by more educated and experienced employees. 
Conclusions on an increase of wage returns to white-collar occupations are also 
consistent with a high increase of wage inequality in 2009 (see Table 2).3 
 It can be very interesting to also examine changes in remuneration of firm 
characteristics during the crisis period 2008 – 2014. Therefore, wage models 
presented in Table 4 were re-estimated with variables on number of employees, 
ownership, collective agreement arrangement and NACE instead of using com-
pany fixed effects. Estimated coefficients for mentioned variables can be found 
in Table 5 (regression coefficients of other variables are not presented because of 
space limitation). Results show that wage returns to company size did not change 
significantly during the examined period with an exception of companies with 
1 000+ employees (however, the growth of coefficient was statistically signifi-
cant at the level 0.1). Also remuneration in companies owned by foreign capital 
and cooperatives (related to private companies owned by home capital) increased 
significantly, mainly in the period 2011 – 2014. Firm-level of collective agree-
ment was the only form of collective bargaining, which embodied statistical 
significant change of regression coefficients. Field of economic activity was 
a variable, which was the most often affected by economic development in years 
2008-2014. Statistically significant increase or decrease of remuneration of 
a particular branch (related to manufacturing, NACE C) was identified in 11 of 
18 cases. For details see Table 5.4   
 It can be concluded that statistically significant changes in returns to particu-
lar wage determinants were limited during the crisis period 2008 – 2014. It is 
possible to identify decrease of returns to education (employees’ characteristics), 
increase of returns to white-collar occupations, ISCO1-4 (occupational characteris-
tics) and several changes in remuneration of different types of ownership, field 
of economic activity and company size (company characteristics). It suggests 
that the crisis affected mainly remuneration of demand-side wage determinants. 

                                                 
 3 These conclusions are valid also for a stable panel of large companies. It is possible to 
identify a statistically significant increase of returns to ISCO 1-3 occupations (relative to ISCO 9 
occupations) in the period 2008 – 2011 and decrease of returns to education in the period 2011 – 2014. 
Further, it is possible to find also a statistically significant decrease of coefficients for leaders and 
citizens from EU-15 or OECD countries. Some changes occurred on behalf of part-time employees, 
but part-time workload is not statistically significant wage determinant. See online Appendix 3 at 
<http://homen.vsb.cz/~bal112/app-03-03.pdf> for more details.  
 4 Wage returns to company characteristics were estimated also for the stable panel of large 
companies (see online Appendix 4 at <http://homen.vsb.cz/~bal112/app-03-04.pdf>). Results showed 
similar trends as those described for full sample, although the list of branches showing significant 
changes in remuneration in the period 2008-2014 differs slightly. 
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 Thus far, the main attention was paid to the identification of significant 
changes in wage returns occurring during the crisis period 2008 – 2014 through 
a comparison of returns at the beginning and the end of the examined period. To 
acquire better knowledge of these changes two sub-periods were examined sepa-
rately (2008 – 2011 and 2011 – 2014) as they can be considered as two short 
business cycles.  
 Now, the development of wage returns during the period 2008 – 2014 will 
be examined through their dependence on GDP development. Table 6 presents 
estimations of various specifications of the wage model extended by variables 
for GDP growth and year. It shows that GDP growth is not a statistically signifi-
cant wage predictor in equations consisting only of human capital variables 
(models presented in Table 3), without regard that the full sample or stable panel 
of large companies was used (see columns 1 and 4). If models with human ca-
pital, occupational and company variables are discussed (models presented 
in Tables 4 and 5), the result would be different. In these cases, coefficients on 
GDP growth are statistically significant, except model with company fixed effects 
estimated for the panel of large companies (see column 5). The statistical signi-
ficance of lagged GDP growth variables was tested as well (not shown here), but 
it showed that upturns and downturns during the period 2008 – 2014 changed 
so quickly that lagged variables are not statistically significant or provide irrele-
vant values. 
 Sensitivity of particular wage determinants to business cycle was tested by 
re-estimation of equations 2 and 3 in Table 6 extended by interaction terms of 
all explanatory variables and GDP growth. Results show that wage returns are 
sensitive to business cycle only in few cases. The equation with company fixed 
effects identified tenure (regression coefficient 0.0001, significant at 0.01 level) 
and its square (coef. –0.0000, sig. at 0.05 level) as the only variables with sta-
tistically significant integration with GDP growth. Re-estimation of a model 
with company characteristics (column 3) expand the list of variables with wage 
returns sensitive to business cycle also by NACE L – real estate activities   
(coef. 0.0068, sig. at 0.1 level), higher and central level of collective agreement 
(coef. –0.0044, sig. at 0.05 level) and 4 NUTS 3 regions with positive coefficient 
signs.5 

                                                 
 5 In the case of large companies, the model with fixed effects identified tenure squared as the 
only variable with statistically significant interaction variable. On the other hand, equation 6 ex-
tended by interaction terms identified quite a number of variables sensitive to GDP changes. They 
are years of schooling (coef. –0.0002, sig. at 0.05 level), tenure (coef. 0.0002, sig. at 0.01 level) 
and its square, occupational groups Managers, ISCO 1, Craft and related trades workers, ISCO 7, 
and Plant and machine operators, and assemblers, ISCO 8 (coef. with positive sign in all cases), 
and particular branches of economic activity, i.e. NACE D, E, L, R (coef. with negative sign) and 
NACE I, Q (coef. with positive sign). 
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 Results suggest that an effect of the business cycle on wages is quite small. 
GDP growth at a level of 1% increases wages by 0.08 – 0.13%. Also its effect 
on returns to particular wage determinants is limited regardless the number 
of affected wage determinants or the magnitude of its effect on wage returns is 
discussed. 
 
 
Conclusions 
 
 Research on wages, wage determinants and related topics has been very in-
tensive in the Czech Republic. It was given mainly by its transition from plan to 
market economy, which created ideal conditions for an examination of wage 
returns to education and work experience, development of gender wage gap, 
effects of minimal wage increase and other specific topics. At present, the re-
search covers mainly the period up to the year 2006; research from later periods 
is rare. This paper focuses on the crisis period 2008 – 2014 in order to a) bring 
new evidence on development of wage returns to education and work experi-
ence, b) identify wage determinants whose returns changed significantly during 
the crisis period, c) assess sensitivity of wage returns to particular factors to 
business cycle. 
 Information System on Average Earnings, a linked employer-employee da-
taset, was used for this purpose. The analysis was performed on individual data 
on 1.5 million employees (ca 36.1% of all employees in the Czech Republic). As 
the panel of companies was not stable during the examined period, because 
of sampling method of ISAE, all models were estimated also for a stable panel 
of large companies (it covers ca 24.5% of Czech employees), which enabled 
confirmation of the robustness of the results. 
 What is an impact of the economic crisis on wage determination? Did the 
remuneration of particular wage determinants change significantly during the 
crisis period 2008 – 2014? Estimation of gross returns to human capital, i.e. 
without controlling for occupation or company variables, revealed statistically 
significant increase of gross returns to years of schooling (from 9.63% to 10.09%) 
and work experience approximated by age (from 4.10% to 4.51%) during the 
period 2008 – 2014. However, rigorous assessment of the wage returns devel-
opment required replenishment of models with variables on occupation and 
company characteristics. These models showed that the growth of gross returns 
to education and work experience was pulled by an increase of returns to white 
collar occupations (ISCO 1 – 4) related to elementary occupations (ISCO 9) in 
2008 – 2011, while wage returns to schooling decreased. Besides those changes 
in employee and occupation characteristics, statistically significant changes in 
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remuneration was identified also in some NACE branches, types of ownership, 
company size and collective bargaining arrangement. It suggests that the crisis 
affected mainly remuneration of company characteristics. 
 After the examination of changes in returns to particular wage determinants 
during the period 2008 – 2014, the attention was paid to their dependence on 
GDP development. Estimation of wage models replenished with GDP growth 
variables showed that economic development is a statistically significant wage 
predictor. Its effect is, however, quite small. GDP growth at a level of 1% in-
creases wages only by 0.08 – 0.13% (it can be expected that changes in GDP are 
intermediated mainly by their effects on particular NACE branches). Extension 
of the models by interaction of all explanatory variables and GDP growth ena-
bled identification of those wage determinants, whose returns changed signi-
ficantly in connection with the GDP development in the period 2008 – 2014. 
It revealed that effects of GDP growth on returns to particular wage determinants 
is limited as only a few interaction variables were statistically significant and the 
value of their regression coefficient was small. 
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