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1. Introduction 

The consensus on the importance of labour market 

institutions in determining the economic performance 

and competitiveness of EU economies has led to a 

growing debate about appropriate institutional ar-

rangements amongst policy makers. The European 

Employment Strategy (EES) was implemented in 

1997, with the aim of establishing a set of common 

objectives for employment policy. Nowadays, the EES 

is incorporated into the Europe 2020 growth strategy 

and is implemented through the European Semester. 

The support for well-functioning labour markets 

across the EU is also emphasized in the current agenda 

of the European Commission (von der Leyen, 2019). 

An appropriate institutional arrangement is even more 

important to enable European labour markets to face 

rising challenges, such as rapid technological changes, 

international labour division, increasing digitalization 

and robotization, global competition, an ageing 

population and so on. However, before implementing 

any policy measures, the overall institutional set-up on 

the European labour markets and its impact on eco-

nomic outcomes must be considered.  

In this study, we focus on the relationship between 

selected labour market institutions and total factor 

productivity as it is considered to be an essential 

determinant of long-run growth and overall economic 

performance. The crucial role of total factor produc-

tivity in explaining economic growth and cross-

country income differences has already been con-

firmed by Abramowitz (1956) and Solow (1957) and 

later by many others. Notice that, with the term total 

factor productivity (TFP), we understand a so-called 

Solow residual that accounts for technological chang-

es and other factors (Barro, 1998).  

In the context of new growth theories, total factor 

productivity growth is endogenously determined (see 

e.g. Aghion and Howitt, 2009). Therefore, its growth 

rate can be explained by the accumulation of 

knowledge and a residual set of factors, including 

institutions. The economic theory suggests numerous 

ways in which institutions influence productivity both 

positively and negatively. This inconclusiveness about  

 

 

the effects of labour market institutions on productivi-

ty is not surprising given the fact that their effect 

crucially depends on the country context and overall 

institutional set-up. Only empirical research would 

provide less ambiguous conclusions. A comprehensive 

evaluation of productivity effects could enrich the 

current state of knowledge on the role of labour 

market institutions in determining total factor produc-

tivity and serve as a basis for the formulation of 

adequate policy measures. 

The aim of this paper is to determine the effect of 

selected labour market institutions on total factor 

productivity growth in the European Union, with an 

emphasis on their interactions. More precisely, we are 

interested in five labour market institutions, namely a) 

active labour market policies (ALMPs), b) employ-

ment protection legislation (EPL), c) the minimum 

wage (MW), d) trade unions (TU) and e) unemploy-

ment benefits (UBs). The impact of institutions on 

productivity growth is estimated through the applica-

tion of a policy-augmented productivity equation via 

panel data regression models (multiple regression with 

a two-way error component model). 

As it has been already mentioned, the overall insti-

tutional arrangement may alter the effects of single 

variables. Therefore, we assume that, besides the 

direct effect of selected labour market institutions, 

their interactions are decisive in determining total 

factor productivity growth in the member states of the 

European Union. Then, the empirical analysis is 

extended with the inclusion of interaction terms of 

these institutions. In this paper, we try to enrich our 

previous research on the impact of labour market 

institutions and their interactions on productivity in 19 

EU member states (Čekmeová, 2016a).  

After a brief introduction, we provide an insight 

into the institutional set-up of labour markets in the 

EU in the second section. The third section is devoted 

to the theoretical background and the methodology. Its 

subsections include a short overview of the most 

influential theoretical and empirical works on the 

relationship between the labour market and produc-

tivity, the empirical model and the methods for its 
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estimation, and the data applied in the regression 

analysis. The last section contains concluding re-

marks. 

2. Labour Market Institutions in the EU 

Labour market institutions (LMIs) represent a set of 

laws, norms and conventions, outcomes of collective 

choice mechanisms, that alter the decisions of the 

labour force by imposing constraints or incentives 

(Boeri and van Ours, 2013). LMIs are introduced with 

the aim of protecting workers or redistributing income 

to them, but, at the same time, they can lead to effi-

ciency gains due to their impact on labour market 

functioning and productivity (Betcherman, 2012). 

Regarding the labour law, the EU only comple-

ments the policy initiatives of the member states. In 

compliance with the Treaty (EU, 2012), it adopts 

directives that set minimum requirements for working 

and employment conditions and for informing and 

consulting workers. National authorities can provide 

greater protection if they wish. Thus, there is no single 

institutional set-up on the European labour markets.  

2.1 Employment Protection Legislation 

Employment protection legislation covers a range of 

mandatory norms and procedures that regulate the 

ability of employers to fire or hire labour with the aim 

of improving job security (Sloane et al., 2013). As 

there is no uniform legislation on employment protec-

tion that is binding for all member states, the strictness 

of employment protection varies across the states. In 

2013, the overall index of EPL ranged from 3.29 in 

Luxemburg to 1.45 in the United Kingdom. While 

stricter legislation provides greater protection for 

workers, employers are limited to adjusting labour 

costs and may be discouraged from hiring new work-

ers. The difference in the level of protection is not 

only a current phenomenon. Since the beginning of the 

21st century, an intention to make labour markets 

more flexible has been visible in the majority of 

countries. However, the real decline in the strictness 

of regulations is only small, with the largest difference 

apparent in the case of Greece (a reduction of 1.06 in 

EPL from 2000 to 2013) and Portugal (a reduction of 

1.13 in EPL from 2000 to 2013). 

Besides these trends, an important fact can be de-

duced from the data. The member states have different 

regulations for temporary (EPLtemp) and permanent 

contracts (EPLreg). As Sloane et al. (2013) pointed 

out, in countries where the regulations provide a high 

level of protection for permanent workers, weaker 

regulations for temporary contracts may improve the 

flexibility of labour markets. This is the case in 

countries such as the Czech Republic, Germany, 

Latvia and the Netherlands. These differences, partial-

ly induced by the asymmetric character of EPL re-

forms, may lead to less influential effectsfewer influ-

encing effects on labour market outcomes and macro-

economic aggregates. However, it is a reasonable 

strategy in the case of strong political obstacles to 

large-scale reforms (see e.g. Saint-Paul, 1997). 

All these indicators, plus the strictness of collec-

tive dismissals (EPL coll), are reported in Table 2.1-1. 

The overall strictness (EPL) is obtained as the 

weighted average of partial indicators. 

Table 2.1-1 Employment protection legislation in 2013 

Country 
EPL 

reg 
EPL 

temp 

EPL 

coll 
EPL 

Austria 2.37 1.31 3.25 2.31 

Belgium 1.89 2.38 5.13 3.13 

Bulgaria - - - - 

Croatia* 2.48 2 2.25 2.24 

Cyprus - - - - 

Czech 

Republic 
2.92 1.44 2.13 2.16 

Denmark 2.20 1.38 2.88 2.15 

Estonia 1.81 3 2.88 2.56 

Finland 2.17 3.63 1.63 2.48 

France 2.38 3.62 3.38 3.13 

Germany 2.68 1.13 3.63 2.48 

Greece 2.12 2.25 3.25 2.54 

Hungary 1.59 1.25 3.63 2.16 

Ireland 1.40 0.63 3.5 1.84 

Italy 2.68 2 3.75 2.81 

Latvia 2.6 0.88 3.75 2.41 

Lithuania* 2.45 2.5 2.88 2.61 

Luxembourg 2.25 3.75 3.88 3.29 

Malta - - - - 

Netherlands 2.82 0.94 3.19 2.32 

Poland 2.23 1.75 2.88 2.29 

Portugal 3.18 1.81 1.88 2.29 

Romania - - - - 

Slovakia 1.84 1.75 3.38 2.32 

Slovenia 2.60 1.81 3.38 2.60 

Spain 2.05 2.56 3.38 2.66 

Sweden 2.61 0.81 2.5 1.97 

United 

Kingdom 
1.10 0.38 2.88 1.45 

Italy 2.68 2 3.75 2.81 
Note: * Data for 2015; – data are not available 

Source: Own construction based on data from OECD.Stat 

2.2 Unemployment Benefits 

Unemployment benefits provide individuals with 

protection against “uninsurable labour market risks”. 

They offer replacement income through public financ-

es to workers who become unemployed (Sloane et al., 

2013). The European Union does not currently regu-

late UBs at the supranational level; it only determines 
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which country is responsible for payments. Most 

member states apply a mandatory system of unem-

ployment insurance, albeit with very different ar-

rangements, leading to a high level of heterogeneity 

between national systems.  

To compare the generosity of UB systems across 

the EU, we report two alternative indicators for the 

latest available year in Table 2.2-1: the gross replace-

ment rate (GRR) in 2011 and the long-term net re-

placement rate (NRR) in 2016. The data on the gross 

replacement rate indicate that entitled persons in the 

EU member states on average received gross unem-

ployment benefits equal to almost one-quarter of their 

previous gross earnings. The national rates varied 

considerably from 6.2% in the Czech Republic to 

42.5% in Ireland in 2011. 

Table 2.2–1 Unemployment benefits in the EU 

Country 
GRR 

[%] 

NRR 

[%] 

Exp. 

[% of GDP ] 

Austria 27.5 72.4 0.9 

Belgium 37.2 64.3 1.2 

Bulgaria - 78.6 0.4 

Croatia - 70.8 0.3 

Cyprus - 117.5* 0.5 

Czech 

Republic 
6.2 65.5 0.2 

Denmark 32.1 91.1 0.7 

Estonia - 70.5 0.3 

Finland 34.6 79.4 2.3 

France 35.6 67.5 1.5 

Germany 20.8 74.3 0.7 

Greece 10.6 43.8 0.4 

Hungary 10.1 58.2 0.1 

Ireland 42.5 79.5 1.0 

Italy 11.0 71.6 0.7 

Latvia - 75.6 0.5 

Lithuania - 61.9 0.2 

Luxem-

bourg 
26.7 89.2 0.5 

Malta - 51.6 0.3 

Netherlands 33.3 82.8 1.3 

Poland 9.9 64.5 0.1 

Portugal 39.1 76.2 0.7 

Romania - 44.4 0.1 

Slovakia 8.3 59.2 0.2 

Slovenia - 72.9 0.3 

Spain 31.4 67.6 1.3 

Sweden 37.5 62.9 0.3 

United 

Kingdom 
11.7 70.5 0.1 

Note: - Data are not available  

Considering the effect of income taxation on UBs 

(NRR), European countries have relatively generous 

UB systems. Only Greece and Romania had UBs 

lower than one-half of the previous net earnings in 

2016. Besides income taxation and social security 

contributions, the net replacement rates include 

housing benefits, social assistance and in-work bene-

fits, leading to, in general, higher rates. In some 

member states, the differences between the NRR and 

the GRR were especially large, with the biggest one in 

the Czech Republic (NRR more than 10 times higher 

in 2011). Looking at longer time series, we can con-

clude that the EU member states do not follow a 

general path in the case of UB generosity. The net 

replacement rates have increased over the last decades 

in 13 member states, with the biggest increase in 

Bulgaria (20.9 percentage points between 2008 and 

2016). The rest of the EU member states recorded 

decreasing values of the NRR, with the most noticea-

ble decline in Slovakia (28.2 percentage points be-

tween 2001 and 2016). 

The last column of Table 2.2-1 presents the ex-

penditures on full unemployment benefits as a per-

centage of the GDP in member states of the EU in 

2016 (Exp). On average, the expenditure on UBs 

accounts for a relatively small portion of the GDP, not 

reaching more than 1% (since 2000). In 2016, expend-

itures on full unemployment benefits ranged from 

0.1% of the GDP in Hungary, Poland, Romania and 

the United Kingdom to 2.3% of the GDP in Finland 

(see Table 2.2-1). In the case of these countries, their 

long-term pattern is to occupy the top and bottom 

positions. Besides Finland, relatively large shares of 

UB expenditures to the GDP can be observed in 

Belgium, Spain, France and the Netherlands. Notice 

that the yearly rates also vary among countries and 

over time due to the economic cycle.  

 

Figure 2.2-1 Average monthly UBs per unemployed person 

in 2016 

As a result of heterogeneity in national unem-

ployment insurance schemes, even more obvious 

variation exists in the absolute amount of benefits paid 

to unemployed people. Figure 2.2-1 shows the average 

monthly full unemployment benefits per unemployed 

person in all the EU member states for the latest 

available year (2016) based on data from Eurostat. 
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While the highest average benefits, in Finland, 

reached more than 1400 EUR (PPS) per month, in 

Romania, an unemployed person received on average 

less than 40 EUR (PPS) per month. At that time, only 

9 out of the 28 member states recorded per unit 

expenditures higher than the EU average, and, in 14 

states, the per unit benefits did not even reach half of 

it.  

Comparing institutional descriptions of national 

systems with data on paid benefits, countries with high 

expenditures on unemployment typically have less 

strict eligibility conditions (leading to relatively high 

coverage), long duration of entitlement and high 

replacement rates.   

2.3 Active Labour Market Policies 

Active labour market policies are designed to encour-

age unemployed or inactive persons to enter the labour 

market (Sloane et al., 2013). They help those people to 

increase their skills and work experience and address 

the main obstacles to finding a new job (EC, 2017). 

Moreover, ALMPs should improve the quality and 

productivity of jobs and strengthen social cohesion. 

On the EU agenda, active labour market pro-

grammes have become important political tools. 

Although the design of national programmes is partic-

ularly heterogeneous, there is a common feature of 

national policies – they are starting to follow a “more 

tailored approach to individual needs” (EC, 2017).    

As shown in Table 2.3-1, there are clear differ-

ences in the number of participants as a percentage of 

the labour force among the member states. Countries 

like Bulgaria, Lithuania, Romania and the United 

Kingdom have a number of participants that is less 

than 1% of the active population, yet countries like 

Belgium and France have participation rates that are 

more than 10 times higher. In 2016, the highest 

participation rate among the EU member states was 

Belguim’s 16.29% of the labour force. All the latter 

countries have realized a noticeable increase in partic-

ipants in the last decades. It is important to mention 

that an increasing trend has also been a characteristic 

of the majority of the member states. A noticeable fall 

in ALMP participants has occurred only in Bulgaria 

and Romania. In the remaining countries with partici-

pation below 1% of the labour force (LF) (Latvia (LV) 

and the United Kingdom (UK)), there were generally 

low rates over the whole analysed period.  

On the contrary, public expenditure on ALMPs 

does not vary as much. In addition, in countries with 

relatively large ALMP coverage (except Denmark and 

Sweden), the general government expenditures on 

ALMPs do not exceed 1% of the GDP. The same is 

observable in comparison with the overall general 

government expenditures (the last column of Table 

2.3-1). In 2016, the general government devoted more 

than 2% of expenditures to ALMPs only in Sweden 

and Denmark. Considering longer time series on 

public expenditures on ALMPs, a slightly increasing 

trend can be identified over the last decades in the 

majority of the EU member states. Since 2000, only 6 

member states have realized a decrease in expendi-

tures (Belgium (BG), Denmark (DE), France (FR), 

Ireland (IR), the Netherlands (NL), Romania (RO) and 

Sweden (SW)), and the development has been rela-

tively stable in Italy. 

Table 2.3-1 Active labour market policies in 2016 

Country 
Participants 

[% of LF] 

Expenditure 

[% of GGE] 

Austria 5.29 1.51 

Belgium 16.29 1.36 

Bulgaria 0.85 0.42 

Croatia 1.65 0.85 

Cyprus 1.37 0.36 

Czech  

Republic 
1.49 0.91 

Denmark 7.33 3.63 

Estonia 2.49 0.79 

Finland 5.02 1.69 

France 11.89 1.67 

Germany 2.48 1.41 

Greece 2.04* 0.38 

Hungary 5.79 1.99 

Ireland 5.17 1.66 

Italy 4.32* 0.90* 

Latvia 1.05 0.51 

Lithuania 0.76 0.87 

Luxembourg 9.46 1.70 

Malta 1.07 0.86 

Netherlands 6.01 1.65 

Poland 3.83 1.08 

Portugal 4.38 1.03 

Romania 0.55 0.19 

Slovakia 3.11 0.62 

Slovenia 6.18 0.52 

Spain 7.68 1.38 

Sweden 7.73 2.29 

United Kingdom 0.20*** 0.81** 

Note: * Data for 2015, ** data for 2010, *** data for 2009 

Figure 2.3-1 shows the average monthly public 

expenditure on ALMPs per unemployed person in all 

the EU member states for the latest available year 
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(2016). While the highest average expenditure in 

Denmark reached 1702.42 EUR (PPS) per month, in 

Greece, the per unit expenditures were on average 

31.30 EUR (PPS) per month. At that time, the average 

monthly expenditure in the EU was around 400 EUR 

(PPS), while 12 out of the 28 member states recorded 

higher per unit expenditures than the EU average and 

the same number of states did not even reach half of it.  

Theoretically, extensive ALMPs can mitigate the 

negative consequences of generous unemployment 

benefit systems. If we compare the average monthly 

benefits per unemployed person with the figure spent 

on active measures, on average, the European gov-

ernments devoted comparable amounts of monthly 

payments to UBs and ALMPs. However, with the 

exceptions of Denmark, Hungary, Luxembourg and 

Sweden, the expenditures on passive measures were 

higher than those on active labour market pro-

grammes.  

Figure 2.3-1 Average monthly expenditure per unemployed 

person 

To sum up, Scandinavian countries are characteristic 

of the most extensive ALMPs in the EU. At the other 

end of the spectrum are the United Kingdom, the 

Baltic states, Bulgaria, Croatia and Cyprus, with 

relatively limited coverage and a relatively small 

amount of expenditures on some types of active 

measures. 

2.4 Trade Unions 

Trade unions (TUs) are organizations of voluntary 

membership that represent the interests of their mem-

bers and provide a series of other benefits (legal 

advice, vocational training, etc.). The main purpose of 

TUs is to bargain with employers over all aspects of 

employment contracts. From the economic point of 

view, unions force employers to pay higher wages 

than the reservation wage of otherwise uncoordinated 

individuals (Boeri and van Ours, 2013).  

Even within the European Union, the basic charac-

teristics of trade unions vary widely among the mem-

ber states. There is no unified legal framework for 

their purposes, rate of autonomy and categories of 

membership. However, all European trade unions, to a 

greater or lesser extent, adapt their purposes to the 

EU’s economic system and strive for collective 

bargaining in the form of the European social dia-

logue. Moreover, the European Trade Union Confed-

eration (ETUC) was established in 1973 to bring 

together national trade union confederations as well as 

European industry federations at the EU level. In 

practice, the ETUC tries to influence legislation and 

policies through its representatives in various EU 

institutions and extensive debates with EU authorities.  

The presence of TUs varies considerably across 

countries. The Baltic states and most of the central 

European countries are characterized by a very low 

rate of union density, while the trade unions in Nordic 

countries enjoy the largest membership. In Denmark, 

Finland and Sweden, workers have bigger incentives 

to join trade unions due to the so-called Ghent system.  

Table 2.4-1 Trade union density, coverage in 2016 

Country 
UDR 

[%] 

Coverage 

[%] 

Austria 26.9 98.0 

Belgium 54.2* 96.0 

Bulgaria 13.7 10.8 

Croatia 25.8 46.7 

Cyprus 47.7** 47.7** 

Czech Repub-

lic 
10.5 46.3* 

Denmark 67.2 84.0* 

Estonia 4.5* 18.6* 

Finland 64.6 89.3* 

France 7.9* 98.5** 

Germany 17.0 56.0 

Greece 18.6 17.8 

Hungary 8.5 22.8** 

Ireland 24.4 33.5** 

Italy 34.4 80.0* 

Latvia 12.6* 13.8 

Lithuania 7.7 7.1* 

Luxembourg 32.0 55.0** 

Malta 51.4* 41.8**** 

Netherlands 17.3 78.6 

Poland 12.1 17.2* 

Portugal 16.3* 72.3* 

Romania 25.2*** 35.0*** 

Slovakia 11.2 24.2* 

Slovenia 26.9 70.9 

Spain 13.9* 73.1 

Sweden 67.0* 90.0* 
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United King-

dom 
23.5 26.3 

Note: **** data for 2012; *** data for 2013; ** data for 

2014; * data for 2015; - missing value  

Source: Own construction based on data from OECD. Stat, 

ICTWSS Database 5.1 and ILOStat 

In 2016, the highest trade union density rate (see 

UDR in Table 2.4-1) was reached in Denmark, with 

67.2% of the labour force involved in trade unions. On 

the contrary, the lowest membership was recorded in 

Estonia, with trade union density of 4.5%. Regarding 

the time series since 2000, Estonia is the member state 

that has had the second-lowest average density rate 

after France. The latter is a specific case; while trade 

unions have relatively small membership, many 

workers are involved in elections for work councils,  

industrial tribunals and TU candidates (ETUC, 2010). 

One of the most noticeable changes over the past 

years is a decline in membership in the majority of the 

European countries. Deunionization has been particu-

larly strong in Eastern bloc countries but also in the 

United Kingdom and Austria. The sharpest decline 

was recorded in Estonia, where the union density rate 

fell from 93.9% in 1992 to 3.6% in 2016. Other 

countries with a noticeable decline are Hungary, with 

UDRs of 83.1% in 1990 and 8.5% in 2016, and 

Slovakia, with UDRs of 64.2% in 1994 and 10.9% in 

2015. Exceptions to this decreasing trend are Spain 

and Belgium, where the existing trade union density 

rates are comparable to those from 1990.  

The current influence of trade unions, measured as 

the adjusted collective bargaining coverage rate, 

ranges from 7.1% in Lithuania to 98.5% in France (see 

Coverage in Table 2.4-1). Besides France, the member 

states with typically high coverage rates (more than 

75%) are Austria, Belgium, Finland, France, Italy, the 

Netherlands, Spain and Sweden. At the other end of 

the spectrum are Bulgaria, the Baltic states, Hungary, 

Greece, Poland and Slovakia, where not even one-

quarter of workers’ employment contracts are regulat-

ed by collective agreements. Over the past decades, 

the development of the coverage rate has been rela-

tively stable, with a noticeable decline only in Greece. 

From the presented data, large differences between 

unions’ presence and influence (excess coverage) are 

also visible in many countries. France, Spain, the 

Netherlands, Portugal and Austria are typical exam-

ples. Thus, the decreasing membership of trade unions 

does not automatically mean a loss of their power due 

to laws that extend the collective agreements beyond 

their membership. However, there are also countries 

with relatively low rates of union density as well as 

relatively low bargaining coverage rates. Bulgaria, 

Estonia, Latvia, Lithuania and Poland are the best 

examples.   

2.5 Minimum Wage 

The minimum wage establishes the lowest limit for 

wages paid to workers. It can decrease the income 

inequality in the society as it improves the situation of 

low-paid workers. It may serve as a remedy to market 

failures, improving the efficiency of labour markets. 

Moreover, a moderate rate of the statutory MW would 

promote equity and balance the bargaining position of 

employers and workers (EC, 2017).  

In the European Union, the current minimum wage 

policies differ widely among the member states as 

there is no harmonized minimum wage policy. Even 

though this issue has been discussed for several years 

at both the political and the academic level, a clear 

consensus has still not been reached. Many leading 

policy makers, scholars and parts of trade union 

movements advocate the idea of a harmonized mini-

mum wage for all workers in the EU.  

Table 2.5-1 Minimum wages in the EU 

Country 

Adjusted MW in 

2018 

MW/MEAN 

in 2017 

 [EUR] [PPS] 

National statutory minimum wage 

Belgium 1562.59 1411.17 0.40 

Bulgaria 260.76 538.75 0.41 

Croatia 460.87 688.27 0.40 

Czech Republic 477.78 671.87 0.35 

Estonia 500.00 636.92 0.35 

France 1498.47 1377.12 0.50 

Germany 1498.00 1427.02 0.33 

Greece 683.76 810.83 0.41 

Hungary 444.69 720.43 0.40 

Ireland 1613.95 1287.28 0.38 

Latvia 430.00 593.97 0.39 

Lithuania 400.00 618.80 0.43 

Luxembourg 1998.59 1574.88 0.43 

Malta 747.54 908.84 0.44 

Netherlands 1578.00 1405.33 0.39 

Poland 502.75 878.24 0.44 

Portugal 676.67 795.27 0.43 

Romania 407.86 796.48 0.44 

Slovakia 480.00 694.39 0.38 

Slovenia 842.79 987.93 0.52 

Spain 858.55 930.16 0.34 

United Kingdom 1400.99 1216.28 0.44 

Statutory minimum wage in certain occupations 

Cyprus 870.00 993.15 0.45 

Non – statutory minimum wage from collective agree-

ments* 
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Austria 1121.47 1032.66 - 

Denmark 2211.73 - - 

Finland 1251.47 1025.80 - 

Italy 1462.93 1457.10 - 

Note: * Data for 2015; - missing value  

Source: Own construction based on data from OECD. Stat, 

ICTWSS Database 5.1, ILOStat and Garnero et al. (2015) 

In Table 2.5-1, we presented the adjusted monthly 

minimum wage rates in 2018, and the adjustment 

refers to the conversion of national minimum wage 

rates into euros/PPS and is defined per month. In the 

case of Greece, Portugal and Spain, where workers are 

entitled to 14 monthly wage payments, the monthly 

rates are calculated as follows: (monthly rate of MW × 

14) / 12. 

In 2018, a national statutory minimum wage was 

applied in 22 EU member states – Belgium, Bulgaria, 

Croatia, the Czech Republic, Estonia, France, Germa-

ny, Greece, Hungary, Ireland, Latvia, Lithuania, 

Luxembourg, Malta, the Netherlands, Poland, Portu-

gal, Romania, Slovakia, Slovenia, Spain and the 

United Kingdom. As is obvious from the presented 

data, the differences in monthly minimum wage floors 

that were valid on 1 January 2018 are significant. 

While the highest rate observed in Luxembourg 

reached 1998.59 EUR, the lowest rate in Bulgaria 

(260.76 EUR per month) was more than 7 times 

lower. Indeed, the Bulgarian minimum wage is rela-

tively low even compared with the second-lowest rate 

of Romania, with 407.86 EUR per month. More 

generally, 7 out of the 22 member states with a nation-

al statutory MW applied minima higher than 1000 

EUR, while, in 9 member states, the national minima 

were lower than 500 EUR (included). If the minimum 

wage is expressed in PPS, the cross-country differ-

ences are smaller, ranging from 538.75 EUR in 

Bulgaria to 1574.88 EUR in Luxembourg. After 

adjustment for price levels, none of countries in the 

sample had a minimum wage lower than 500 EUR 

(PPS) in 2018. 

In Cyprus, a minimum wage was set only for spe-

cific occupations. The rest of the EU member states 

had no national statutory minimum wage. They 

applied non-statutory minimum wage floors estab-

lished in sectoral collective agreements. Theoretically, 

if sectoral minima are accompanied by high collective 

bargaining coverage, they can be regarded as an 

equivalent to a statutory minimum wage (Garnero et 

al., 2015).  

Considering data on the adjusted coverage rate in 

these countries, despite a relatively high rate of cover-

age, some employees are still not entitled to any 

minimum wage. On the other hand, those who are 

covered by sectoral agreements enjoy relatively high 

minimum wage rates. In 2009 (the latest available 

data), the sectoral minimum wage in Denmark reached 

the highest nominal rate (2211.73 EUR) among all the 

EU member states and the minimum wage rates in 

Austria, Finland and Italy all exceeded 1000 EUR. 

This is in line with the theoretical assumption that 

collectively agreed sectoral minima tend to be higher 

than those set unilaterally by the government and 

applied at the national level (see e.g. Boeri, 2012; 

Kampelmann et al., 2013). 

Regarding the differences in productivity, prices 

and wages across countries, it is useful to look at 

statistics that relate absolute values of the minimum 

wage to some central measure of wage distribution. 

Given minimum relative to mean wages (see the last 

column of Table 2.5-1), the differences across EU 

member states are smaller than in the case of absolute 

measures. The ratios in 2017 ranged from 0.33 in 

Germany to 0.52 in Slovenia. Generally, small values 

indicate that the minimum wage floor is far from the 

centre of wage distribution, leading to a smaller 

potential impact on employees.  

 

Figure 2.5-1 Development of the minimum wage, 2000–

2018  

Concerning a longer time period, an upward trend 

in the development of nominal minimum wage rates 

can be identified (see Figure 2.5-1). This is not sur-

prising given the following facts: 1) wages tend to be 

rigid downwards, 2) many countries from the sample 

apply automatic indexation or annual revisions based 

on government forecasting and 3) the importance of 

social partners in determining minimum wage floors is 

increasing. Since 2000, all 22 EU member states with 

a statutory national minimum wage have experienced 

a rise in the minimum wage floor. In Cyprus, an 

increasing trend was stopped in 2012 and the mini-

mum wage was frozen at the same rate. The highest 

growth was observed in Romania, Bulgaria and 

Estonia and the lowest in Germany, Greece and 

Belgium. Regarding the changes in the nominal 

minimum wage rates during this period, the biggest 
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rise was recorded in Luxembourg (an increase of 

807.46 EUR in the nominal rate between 2000 and 

2018) and the smallest in Germany (an increase of 58 

EUR). 

3. Theoretical Background and Methodology 

As the neoclassical model of growth had failed to 

explain the differences in performance among coun-

tries, a new literature on endogenous growth emerged 

in the 1980s. It tried to explain growth through the 

structural parameters of the economy, including those 

related to economic policy. Therefore, institutions 

started to be considered as important determinants of 

economic performance. Furthermore, Acemoglu and 

Robinson (2010) suggest that economic institutions 

are key sources of economic growth and prosperity 

because they shape the incentives of economic agents 

to invest in physical capital, human capital and tech-

nology and influence the organization of production. 

Regarding labour market institutions, the recent 

research on LMIs can be characterized by the domina-

tion of two contradicting intuitions, distortionism and 

institutionalism (Freeman, 1993). The former claims 

that LMIs impede economic growth, while the latter 

suggests that LMIs may reduce costs, enhance produc-

tivity or moderate crises.  

3.1 Theoretical Channels between LMIs and TFP 

Theoretical and empirical works suggest numerous 

channels through which labour market institutions 

may influence productivity (levels and growth rates) 

with both positive and negative impacts. The positive 

effect of trade unions on productivity can be induced 

by 

• encouraging training, labour reallocation and 

technological changes as firms support produc-

tivity-enhancing measures when the labour cost 

rises (Heyes and Rainbird, 2011); 

• better organization and efficiency of produc-

tion (Machin and Wadhwani, 1991);  

• lowering the quit rate or improving workers’ 

morale (Freeman and Medoff, 1984). 

In the case of a minimum wage, an increase in 

productivity may be caused by 

• the involvement of a larger skilled labour force 

in the production process (Aaronson and 

French, 2007; Neumark and Wascher, 2007); 

• a greater incentive to invest in the human capi-

tal of low-skilled workers to avoid unemploy-

ment (Agell and Lommerud, 1997; Cahuc and 

Michel, 1996). 

Moreover, unemployment benefits may improve 

productivity as they lead to  

• the creation of more productive, high-quality 

post-unemployment jobs (Lippman and 

McCall, 1979);  

• the generation of better job matches and high-

er-productivity jobs (Acemoglu and Pischke, 

1999; Marimon and Zilibotti, 1999). 

Active labour market policies have a positive ef-

fect on TFP as they  

• make workers more employable by increasing 

their skills (Calmfors et al., 2002); 

• lead to a higher rate of innovations (Parello, 

2011). 

Finally, employment protection legislation may 

have a productivity-enhancing impact because it 

• promotes workers’ commitment and thus their 

willingness to be involved in productivity-

enhancing activities (Belot et al., 2007; 

Buchele and Christiansen, 1999; Soskice, 

1997);  

• encourages firms to adjust by investing more in 

both physical and human capital (Betcherman, 

2012);  

• increases the flexibility of high-risk entrepre-

neurial firms and their chance to expand and 

become high-growth firms through less strin-

gent regulations (Acs, 2008).  

There are also various theoretical explanations for 

the productivity-impeding effect. In the case of wage-

setting institutions (TUs and MW), the suggested 

theoretical channels are the following:  

• the creation of barriers for potential high-

growth firms, in turn having a negative impact 

on productivity (Henrekson and Johansson, 

2009); 

• the demotivation of the management to intro-

duce productivity-enhancing technologies if the 

regulations negotiated by trade unions are re-

strictive or job losses are expected (Aidt and 

Tzannatos, 2002); 

• the reduction of workers’ incentive to invest in 

training due to a lower differential between 

high-skill and low-skill jobs (Bassanini, 2008). 

Regarding unemployment benefits, too generous a 

system is likely 

• to increase the duration of unemployment, 

leading to human capital depreciation and inef-

ficient use of resources (OECD, 2006); 

• to decrease the work effort of employees 

(Shapiro and Stiglitz, 1984); 

• to reduce the incentives to innovate (Bartels-

man et al., 2005) and thereby lower the produc-

tivity.  
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In addition, EPL may make workers more willing 

to exert less effort, which in turn leads to declining 

productivity (Boeri and van Ours, 2013; Ichino and 

Riphahn, 2005). The net effect of institutions will 

depend on the overall institutional arrangement of 

labour markets and various other factors, such as the 

country and industry context, differences in the level 

of development among countries or organizational 

features. 

3.2 Empirical Model and Methods of Estimation 

To estimate the impact of labour market institutions 

on total factor productivity and verify our suggestion 

about the decisive role of their interactions, we use 

a panel data model. The main assumption behind our 

empirical specification is that TFP is endogenously 

determined and thus its growth rate can be explained 

by the accumulation of knowledge and a residual set 

of factors including institutions (Aghion and Howitt, 

2009). More precisely, we use a policy-augmented 

productivity equation that contains research and 

development (R&D) and human capital (HC) as 

variables for knowledge accumulation and labour 

market institutions (LMIs) as institutional factors.  

Formally, the baseline model is as follows: 

 (1) 

where  stands for the disturbance term,  is the 

country index and  is the time index.  

As we focus on the specific set of the European 

countries and the regression is restricted to the behav-

iour of these countries, we assume the presence of 

unobserved (individual) heterogeneity. In that case, 

the error structure of the disturbance term can be 

decomposed into an individual time-invariant effect  

and an iid error term . Then, our baseline model 

becomes: 

 (2) 

Through the application of a fixed-effect estimator, 

we can control for country-specific differences 

through individual intercepts and thereby solve the 

problem of omitted variables. The correctness of this 

specification is tested with the Hausmann specifica-

tion test (Hausmann, 1978). In all the regressions, the 

null hypothesis of a common intercept is rejected at 

any reasonable significance level, preferring the 

application of a fixed-effect estimator to the applica-

tion of a random-effect estimator. 

With the aim of controlling for common aggregate 

shocks that could have an impact on all the European 

countries in a specific year, we extend the one-way 

error component regression model based on (2). The 

regression model founded on a two-way error compo-

nent with both country- and time-specific effects has 

the following form: 

 
              (3) 

where  stands for time dummies. 

To estimate the impact of the overall institutional 

set-up on TFP, we extend the baseline model with 

pairwise interaction terms of LMIs. The interaction 

terms are modelled following Bassanini and Duval 

(2010) and take the form of products of institutions’ 

deviations from their sample mean (over countries and 

years). In the case of one pairwise interaction of  

and , the augmented productivity equation is as 

follows:  

 

 

(4) 

In this specification, coefficient  can be inter-

preted as the marginal productivity effect of  at 

its sample mean, when all the other covariates re-

mained constant at their sample means. For the two 

institutions  and  that increase productivity 

growth, if the parameter estimate of the interaction 

term has a positive sign, the marginal productivity 

effect of  will be larger the larger the value of 

. Then, the negative sign for the interaction 

coefficient  would provide evidence of reform 

complementarity. Formally, the partial derivative of 

TFP growth with respect to the institutional variable 

 is given as 

 (5) 

To avoid the issue of heteroscedastic error terms, we 

use SUR (PCSE) standard errors in all the regression 

equations.  

Another potential issue is endogeneity. It means 

that the observed relationship between the productivi-

ty growth and the institutional variable may reflect the 

impact of institutions on productivity growth but also 

the reverse causality (from productivity change to 

institutional change). To control for policy endogenei-

ty, we use lagged values of the institutional variables 

in the regressions. Finally, we test the validity of the 

standard assumptions of normal distribution by 

providing a residual diagnostic–normality test.   
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3.3 Data 

The empirical analysis is conducted on an unbalanced 

data set covering observations of 28 member states of 

the European Union from 1995 to 2017. The choice of 

time period was determined by the data availability for 

the countries. In total, the dataset includes 7 explana-

tory variables (2 control variables and 5 institutional 

variables) and the growth rate of TFP as the dependent 

variable. The description of all the variables and the 

references to sources are presented in Table 3.3-1.  

Table 3.3-1 Data – references to sources and description  

Variable Source Description 

TFP_growth 

Own calcula-

tion 

Log difference of total 

factor productivity 

HC_index 

Penn World 

table 9.1 
Human Capital Index 

RD_govexp 
Eurostat 

Total government 

research and devel-

opment expenditure 

per inhabitant (PPS) 

UB_benefits 
Eurostat 

Full unemployment 

benefits per unem-

ployed (PPS) 

MW_mean 

OECD.Stat, 

WSI, 

MLWSI, 

CYSTAT 

Minimum relative to 

average wages of full-

time workers 

ALMP_ame 
Eurostat 

Average monthly 

active labour market 

policy expenditures 

per unemployed (PPS) 

TU_udr 

OECD.Stat, 

ICTWSS 5.1 
Union density rate 

EPL_temp 
OECD.Stat 

Strictness of employ-

ment protection, 

temporary contracts 

(index 0-7) 

Notice that  

• the log difference in total factor productivity 

acts as a proxy for the growth rates of total fac-

tor productivity, and the calculation is per-

formed via the growth accounting method (see 

Appendix I for more details); 

• the average monthly expenditure on active la-

bour market policies was calculated from data 

on expenditures on active measures (categories 

10–70) and the number of unemployed persons 

adjusted to a monthly rate; 

• the minimum to mean wage for Cyprus was 

calculated based on data obtained on request 

from the Ministry of Labour, Welfare and So-

cial Insurance and the Statistical Service of 

Cyprus; the data were adjusted by PPP from 

Eurostat (EU28=1). 

The stationarity of the included time series (con-

dition for unbiased results in panel data regression) 

was tested using the standard panel data unit root test 

(Levin, Lin and Chu, 2002). In the case of all the 

explanatory variables, with the exception of R&D 

expenditure, the null hypothesis of the presence of a 

unit root was rejected at the conventional significance 

level (test with an individual intercept and trend). 

4. Empirical Results and Discussion 

The empirical results of the least squares dummy 

variable regressions for the baseline model (3) and its 

extension by pairwise interactions of LMIs (4) are 

reported in Table 4-1. The regression results of the 

institution-augmented productivity equation (3) 

confirm the importance of knowledge accumulation 

suggested by the theory. Both control variables, the 

human capital index and government expenditures on 

research and development, have a significantly posi-

tive effect on TFP growth over the analysed period 

(the adjusted length of the period is 2004–2016 due to 

the large number of missing values for ALMP_ame 

and EPL_temp). 

Regarding the institutional variables, three of the 

selected LMIs have a statistically significant impact 

on the growth rate of TFP, all of which have negative 

signs. The most significant effect seems to occur in 

the case of ALMPs as the average monthly expendi-

ture per unemployed person on active labour market 

policies has a significantly negative impact on the TFP 

growth rate at α=0.01 over the period 2004–2016. The 

average effect of unemployment benefits measured as 

the full unemployment benefits per unemployed 

person and the average effect of employment protec-

tion legislation for temporary contracts (hiring regula-

tions for workers under temporary contracts) are 

estimated to be negative over the same period with 

significance levels of α=0.1 and α=0.05, respectively. 

These findings are in line with the theoretical expecta-

tions about the negative impact of wage-setting 

institutions, generous unemployment benefit systems 

and strict employment protection legislation on 

productivity.  

On the contrary, active labour market programmes 

indicate a negative impact on productivity, although 

theoretical works give preference to their productivity-

enhancing effect. This means that active labour market 

programmes have not increased the productivity of the 

persons involved or otherwise promoted the growth 
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rate of total factor productivity. This contradiction can 

be explained by the unproductive usage of expendi-

tures on active measures in selected European econo-

mies. However, these conclusions are only indicative 

and, to offer more precise knowledge of the underly-

ing reasons, we would require additional research 

(selecting different periods and states, testing the 

impact of various active labour market measures, etc.).  

The presented findings about the direct effect of 

selected LMIs confirm the conclusions from our 

previous research on the relationship between the 

unsatisfactory development of TFP in the EU and the 

institutional set-up of the European labour markets 

(Čekmeová, 2016a, 2016b, 2016c). The last three 

columns of Table 4-1 present the estimates of the 

productivity equation augmented by LMI interactions. 

We estimated all the possible combinations of the 

selected LMIs, but we present only those that indicate 

statistical significance in separate regressions with 

single interaction terms. The results suggest that the 

pairwise interactions of UBs with MW (4a), ALMPs 

with TUs (4b) and ALMPs with EPL significantly 

explain the growth rate of TFP at the conventional 

significance level. 

The negative sign of the interaction term in the 

case of UB–MW interaction means that the marginal 

(negative) productivity effect of unemployment 

benefits will be larger the higher the level of minimum 

to mean wage. Therefore, reforms oriented towards 

decreasing the level of UBs and MW should be 

implemented together to maximize their impact on 

productivity growth. The same is true for ALMP–TU 

interaction. In the case of the ALMP–EPL interaction 

term, the parameter estimate is positive, indicating that 

the negative marginal effect of ALMP can be mitigat-

ed by stricter regulations on temporary contracts 

(higher EPLtemp). 

Notice that, in the case of the minimum wage and 

unemployment benefits, their direct effects are not 

statistically significant in explaining the dependent 

variable while their combinations with other institu-

tions have a decisive impact on total factor productivi-

ty growth in the EU member states.  

Table 4–1 Regression results – Least Squares Dummy Variables (LSDV) estimations of the institution-augmented productivity 

equation 

 (3) (4a) (4b) (4c) 

constant 
-0.274 

(-1.703) 

-0.263 

(-1.770) 

-0.191 

(-1.178) 

-0.377 

(-2.186) 

lag_HC_index 
0.104* 

(1.832) 

0.105** 

(1.993) 

0.109* 

(1.947) 

0.096 

(1.644) 

lag_d_RD_govexp 
0.20e-03* 

(1.956) 

0.20e-03** 

(2.009) 

0.18e-03* 

(0.1722) 

0.21e-03** 

(2.026) 

lag_UB_benefits 
-1.63e-06* 

(-1.750) 

 

-3.55e-06** 

(-2.488) 

-1.86e-06** 

(-2.049) 

-2.28e-06** 

(-2.330) 

lag_MW_mean 
-0.149 

(-1.221) 

-0.148 

(-1.229) 

-0.164 

(-1.326) 

-0.113 

(-0.923) 

lag_ALMP_ame 
-4.10e-05*** 

(-2.744) 

 

-3.51e-05** 

(-2.242) 

-3.94e-05*** 

(-2.644) 

-2.58e-05* 

(-1.734) 

lag_TU_udr 
0.001 

(0.897) 

0.001 

(0.753) 

-0.002 

(-0.847) 

0.001 

(0.904) 

lag_EPL_temp 
-0.014** 

(-2.276) 

 

-0.014** 

(-2.321) 

-0.014** 

(-2.274) 

0.053 

(1.561) 

lag_UB*lag_MW - 
-9.94e-06** 

(-2.142) 
- - 

lag_ALMP*lag_TU - - 
-1.22e-06** 

(-2.490) 
- 

lag_ALMP*lag_EPL - - - 
2.65e-05* 

(1.834) 

Observations 215 215 215 215 

Country Dummies yes yes yes yes 

Time Dummies yes yes yes yes 

R-squared 0.68 0.68 0.68 0.68 

Adjusted R-squared 0.60 0.60 0.61 0.60 

F Statistic 8.821 8.734 8.808 8.782 

P-value (F) 0.000 0.000 0.000 0.000 
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5. Conclusion 

Numerous theoretical and empirical works have 

already confirmed the importance of labour market 

institutions in determining productivity and in turn 

long-run growth. Given this fact and the rising chal-

lenges that current labour markets must face, an 

appropriate institutional arrangement is essential to 

promote better economic performance of the EU. 

However, neither theory nor empirical studies give an 

unambiguous answer to the question of how these 

institutions influence productivity growth.  

The current institutional arrangements on the la-

bour markets of the EU member states are highly 

heterogeneous. The EU only complements national 

policy initiatives through the adoption of minimum 

requirements for working and employment conditions, 

for informing and consulting workers, and determines 

which country is responsible for unemployment 

benefit payments. However, we can identify certain 

common trends in the evolution of the main indicators 

for selected labour markets.  

First, an intention to make labour markets more 

flexible through less strict employment protection is 

visible in the majority of countries. However, the 

changes are only on a small scale. At the same time, 

increasing differences between regulations on tempo-

rary and permanent contracts are present. Second, 

countries with high unemployment benefits typically 

have less strict eligibility conditions, a long duration 

of entitlement and high replacement rates. Third, an 

increasing trend in the number of participants involved 

in active labour market programmes is characteristic 

of the majority of the member states. However, the 

level of public expenditure is relatively low, even in 

countries with relatively wide coverage. Fourth, the 

decreasing membership of trade unions in the EU does 

not automatically mean a loss of their power due to 

large excess coverage in many states. Finally, an 

upward trend in the development of statutory nominal 

minimum wages was identified.  

The aim of this paper was to determine the effect 

of five labour market institutions on total factor 

productivity growth in the European Union, with an 

emphasis on their interactions. Five institutions were 

considered: active labour market policies, employment 

protection legislation, the minimum wage, trade 

unions and unemployment benefits. Total factor 

productivity was defined as a residual that accounts 

for technological changes and other factors. We 

assumed its endogenous determination.  

The empirical results of the panel data regression 

analysis confirmed the importance of knowledge 

accumulation proposed by endogenous theories. Both 

the government expenditure on research and develop-

ment and the human capital index significantly ex-

plained the total factor productivity in 23 member 

states over the period from 2004 to 2016. Regarding 

the institutional variables, three labour market institu-

tions significantly affected the total factor productivity 

growth, all of them with a negative sign. The produc-

tivity impeding the direct effect of unemployment 

benefits and employment protection legislation for 

temporary contracts was in line with the theoretical 

expectations about the negative impact of wage-

setting institutions, generous unemployment benefit 

systems and strict employment protection legislation 

on productivity. On the contrary, active labour market 

programmes indicated a negative impact on productiv-

ity, although theoretical works give preference to its 

productivity-enhancing effect.  

After accounting for institutional interactions, the 

regression results confirm our assumptions that, 

besides the direct effect of selected labour market 

institutions, their interactions are decisive in the 

determination of total factor productivity growth. 

More precisely, the interactions of unemployment 

benefits with the statutory minimum wage relative to 

the mean and expenditures on active labour market 

programmes with the trade union density rate and with 

employment protection legislation on temporary 

contracts indicated a statistically significant impact. 

The interpretation of these findings leads to the 

conclusion that reforms oriented towards decreasing 

the level of UBs and MW (active labour market 

policies and trade unions) should be implemented 

together to maximize their impact on productivity 

growth. Moreover, the negative marginal effect of 

ALMPs can be mitigated by stricter regulations on 

temporary contracts. 

However, these findings have their limitations. 

First, the regression analysis includes only 23 member 

states – 5 cross-sections were dropped due to a large 

number of missing values for EPL_temp and 

ALMP_ame. Therefore, the presented conclusions 

cannot be generalized to the whole EU. Second, all the 

possible interactions cannot be included in a single 

estimation as this could lead to a substantial loss of 

degrees of freedom and raise the issue of perfect 

multicollinearity. Thus, further empirical analysis is 

required to assess the impact of all the institutional 

arrangements at once.  
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Appendix 

I. Growth Accounting Method  

In general, growth accounting is used to decompose 

economic growth into components that reflect the 

contribution of factor inputs and a so-called Solow 

residual that accounts for technological changes and 

other factors (Barro, 1998). In this paper, a method 

elaborated by Diewert (1976) is applied to calculate 

the TFP growth rates.  

The growth rate of the gross domestic product 

(GDP) is approximated by the first difference of the 

logarithm of the GDP and decomposed via the follow-

ing equation: 

 

where  denotes the GDP,  stands for the capital 

stock,  is the number of hours worked,  is 

a measure of the total factor productivity and ,  

represents the shares of labour and capital incomes in 

the total income (labour and capital compensation).  

Then, the total factor productivity growth rate is 

calculated as follows: 

 

Labour input is measured as the total hours worked 

using industry-level data. The capital stock is calculat-

ed using the perpetual inventory method (PIM). Its 

basic equation can be described as 

  

where  denotes the gross investment at current prices 

at time t and  is the geometric rate of depreciation.  

We use the geometric depreciation rates from 

Feenstra et al. (2015), which are common across 

countries and constant over time but unique to indus-

tries (the applied average depreciation rate is 21%). 

The initial capital stock is calculated based on 

Fuente and Doménech (2006): 

  

where  is gross capital formation,  is the growth 

rate of investment and  is the average depreciation 

rate.  

The rate of labour income in the total income  at 

time t is derived as the ratio of compensation of 

employees CE plus mixed income MI to the total 

income Y, written mathematically as follows: 

   

As the rate of labour income and the rate of capital 

income together give 1, the latter is computed as 

follows: 

    

Assuming geometric depreciation of the capital 

and constant industry-level depreciation rates, the 

basic equation for capital stock can be rewritten in the 

following way: 

 

where  denotes a fixed moment in time for which we 

express the initial level of capital stock,  represents a 

length of time between the actual and the initial year 

and  is an index for industry.  

The proposed computation method leads to the 

broadest measure of TFP growth. Besides disembod-

ied technological progress, it includes the effects of 

technological progress embodied in physical capital as 

well as human capital accumulation. 
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