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Abstract 

 
This paper studies the effects of labour market reforms on the functional distribution of income 
in a DSGE model (Roeger et al., 2008) with skill differentiation, in which households supply 
three types of labour: low-, medium- and high-skilled. The households receive income from 
labour, tangible capital, intangible capital, financial wealth and transfers. We trace how 
structural reforms in the labour market affect these different types of income. The quantification 
of labour market reforms is based on changes in structural indicators that significantly reduce 
the gap of the EU average income towards the best-performing EU countries. We find a general 
trade-off between an increase in employment for a particular group and the income of the 
average group member relative to income per capita. Reforms that increase employment of low- 
and medium-skilled workers imply a trade-off between employment and wages in the low- and 
medium-skilled group, due to the increase in the skill-specific supply of labour. Capital owners 
generally benefit from labour market reforms, with an increasing share in total income. This can 
be attributed to limited entry into the final goods production sector, underlining the importance 
of product market reforms in addition to labour market reforms. 

JEL-Codes: C330, D580, E250, J200. 
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1. Introduction 

The prolonged slowdown of GDP growth after financial crises has reinforced the need for 

structural reforms in the European Union. At the same time, income inequality remains at his-

torically high levels in many countries (Keeley, 2015; OECD, 2011, 2015a, 2016). In particu-

lar, high-income households have benefited more than middle- and low-income ones from the 

post-crisis recovery. High unemployment and low wage growth have prevented a recovery of 

labour incomes at the bottom of the income distribution. In fact, the real labour income of the 

bottom 10% has declined in most EU Member States during 2010-2014, i.e. not only in coun-

tries in which average real labour income has declined. Rising primary income inequality has, 

furthermore, not been compensated by a (general) strengthening of redistribution through the 

tax and transfer system. Corresponding trends in the distribution of household wealth are 

summarised, e.g., in Murtin and Mira d'Ercole (2015).  

The joint occurrence of slow growth and persistent inequality raises questions about causes 

and possible remedies. Potential drivers of inequality, which include skill-biased technologi-

cal progress, the effects of globalisation, or the consequences of fiscal consolidation, have re-

ceived widespread attention in the literature (see, e.g., Card and DiNardo, 2002; Agnello and 

Sousa, 2014; Keeley, 2015; Lopez Gonzalez et al., 2015). Less attention has been devoted to 

possible remedies, besides standard redistribution by taxes and transfers. This applies in par-

ticular to the role of structural reform and the question of complementarity ('inclusive 

growth') or incompatibility between the growth and equity objectives.    

Traditionally, structural reforms have been assessed on the basis of their potential to increase 

productivity and GDP per capita. Their distributional impact is rarely addressed in the litera-

ture, as emphasised by Causa et al. (2016). This paper contributes to the emerging literature 

on the distributional impact of structural reforms. It studies the impact of structural reforms in 

the labour market on the functional distribution of income in the EU economy. The analysis 

uses a DSGE model of the EU economy (Roeger et al., 2008) in which households supply 

three types of labour, i.e. low-, medium- and high-skilled. Households receive income from 

labour, tangible capital, intangible capital, financial wealth, and transfers, and we trace how 

structural reforms affect these different types of income. 

We rely on Varga and in 't Veld (2014) for a realistic quantification of structural reforms and 

apply a distance-to-frontier approach that calibrates the potential for reforms to a gradual and 

partial closure of the gap in labour market indicators vis-à-vis the average of the three best EU 

performers. More prcisely, the simulated structural reforms in this paper focus on increasing 

the labour market participation rate of the 55-65 age group, the low-skilled, and female work-

ers and on raising (by education and training) the share of medium- and high-skilled workers 

in the labour force.  

The results of the paper can be summarised as follows: There is a trade-off between employ-

ment and relative labour incomes. In general, reforms which aim at increasing the employ-

ment rate of low- and medium-skilled workers are associated with a fall of the respective 

wages relative to income per capita. This effect can be decomposed into wage distribution ef-

fects across skill groups, but the overall increase in the supply of labour also affects the distri-

bution between labour income and other income categories, especially capital income. Capital 

owners generally benefit from labour market reforms, not only in the form of an absolute in-

crease in capital income, but also in the form of an increasing share of capital in total income. 

The latter is due to a scale effect, associated with fixed costs of producing, in combination 

with limited entry into the final goods production sector. The increase in the capital income 
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share in response to labour market reforms can be reduced substantially only if we allow for 

entry in the goods market. This suggests that labour market reforms in combination with exist-

ing goods market rigidities can lead to undesired distributional effects. The result has some 

pararell to the argument in Blanchard and Giavazzi (2003) that labour market reform without 

product market reform redistributes product market rents from labour to capital, without low-

ering the total size of the rents. The paper analyses the effect of structural reforms on (func-

tional) income inequality. It does not discuss the inequality in the distribution of wealth. 

Wealth (stock) inequality is at the same time a driver and a consequence of income (flow) in-

equality, as wealth generates income in the form of returns to assets, and higher income facili-

tates the accumulation of wealth. 

Section 2 below provides a summary of existing literature in the field. Section 3 explains the 

functional definition of income categories in the model as applied in this paper. Section 4 pre-

sents and discusses the results for the impact of labour market reforms and human capital 

formation on different income categories. Section 5 summarises the findings and concludes. 

2. Effects of structural reforms on the distribution of income  

A substantial body of research has analysed the widening and persistence of income and 

wealth inequalities in recent years. Efforts of closing the knowledge gap with empirical and 

theoreticcal work have addressed causes and potential remedies. The distributional conse-

quences of structural reforms, however, have received relatively little attention in the litera-

ture for a long time, with the exception of tax and benefit reforms. Examples of the latter are 

Cournède et al. (2013a, 2013b) who discuss the growth and equity impact of alternative fiscal 

consolidation strategies in the context of high and possibly unsustainable government debt 

and suggest that lowering (producer) subsidies and increasing corporate, personal income and 

property taxes reduce the inequality in disposable income. Higher social security contribu-

tions and lower government spending on health, education and social assistance, by contrast, 

counteract equity objectives. 

Among policy institutions, the OECD has devoted particular attention to the role of a wide 

range of structural policies for inequality. Empirical work by the OECD has generally focused 

on the net real disposable household income across the distribution of households, i.e. real 

disposable household income after taxes and benefits. Causa et al. (2015a, 2015b), e.g., find 

that many policies can deliver higher income gains at the lower end of the income distribu-

tion. These policies include measures to strengthen competition in goods markets (reducing 

regulatory barriers, trade, and FDI), broader access to education, and active labour market 

policies (ALMP). A general reduction in the generosity of unemployment benefits is also 

found to raise relative incomes at the lower end of the income distribution, whereas reducing 

benefits to long-term unemployed lowers household disposable income at the lower end of the 

distribution. Other pro-growth policies may have opposite or ambivalent effects on low in-

comes as argued in OECD (2015b). Examples include the promotion of innovation that wid-

ens skill premia across workers. Policies that increase labour force participation particularly 

in the low-skilled sector may widen the wage dispersion, but have income-enhancing effects 

through higher employment, as argued in this paper. 

Causa et al. (2016) broaden the analysis of income inequality by looking at the entire income 

distribution, instead of looking only at the bottom part, and by decomposing income effects of 

structural reforms into labour productivity and labour utilisation gains. Evidence for OECD 

countries covering the past three decades suggests that most reforms have had little impact on 

income inequality when the latter is defined by measures that emphasise the middle class, 
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whereas a high number of reforms have had significant effects on inequality (reducing or in-

creasing) at the low end of the distribution. Trade-offs between growth and equity appear to 

be most common for reforms of social protection and labour market institutions. Reducing 

(the duration of) unemployment benefits and social assistance hurts low-income households 

in particular, which would call for complementary ALMP measures to accelerate a return to 

work. Lower rates of unionisation are also associated with higher income inequality. Lower-

ing labour tax wedges is prone to a growth-equity trade-off in the absence of sufficient pro-

gressivity of the tax burden. The analysis in Causa et al. (2016) also confirms the Causa et al. 

(2015a, 2015b) result of complementarity between growth and equity effects for competition-

promoting product market reform and higher government spending on education.                    

The work by De Serres and Murtin (2014) takes a different perspective and contrasts the long-

term (average) employment effects of labour market policies with the policies' impact on the 

response of unemployment to adverse shocks, where the latter alludes to the concept of eco-

nomic resilience to shock as discussed, e.g., in Duval and Vogel (2008). The empirical evi-

dence for 19 OECD countries suggests trade-offs between long-term levels of employment 

and short-term employment and income stability during specific phases of the business cycle. 

In particular, less generous unemployment insurance, more ALMP, and lower minimum wag-

es accelerate the exit of low-skilled workers from unemployment, but lower benefits and 

wage floors make them also more vulnerable to adverse income shock. Reducing the labour 

tax wedge avoids the trade-off between average employment gains and disposable income in 

downturns according to De Serres and Murtin (2014). 

Ostry et al. (2018) present empirical evidence for broad indicators, a wide range of structural 

reforms, which also includes financial liberalisation and basic institutional reforms, and a 

large sample of advanced, emerging and developing economies. The study finds that domestic 

and external financial deregulation increase income inequality as measured by the Gini coef-

ficient, a result discussed in more detail also in Larrain (2014) and Furceri et al. (2018) for 

external financial liberalisation. Contrary to the analysis of domestic market reforms, the dis-

tributional consequences of trade liberalisation have received widespread attention in the lit-

erature since Stolper and Samuelson (1941) already, including recently also Fajgelbaum and 

Khandelwal (2016). Institutional reforms that strengthen the legal system and the rule of law 

do not increase income inequality according to Ostry et al. (2018), whereas the liberalisation 

of network industries and, for low-income and middle-income countries, the decentralisation 

of wage bargaining tend to increase Gini-measured inequality. Focusing on labour market in-

stitutions in advanced economies, Jaumotte and Osorio Buitron (2015) find lower degrees of 

unionisation and lower minimum wages to be associated with higher income inequality.            

The group of model-based studies on the distributional impact of structural reforms comprises 

micro-simulation studies and general-equilibrium analysis and has a particular focus on tax 

and benefit reforms. Micro simulation studies, such as Decoster et al. (2010), cover a lot of 

details of the income distribution, but tend to ignore the wider impact of reforms on prices 

and volumes and associated second-round effects on the income distribution, whereas gen-

eral-equilibrium analyses, such as Burgert and Roeger (2014), tend to use simple household 

and firm structures to remain tractable and do, hence, not map a detailed household income 

distribution, but instead focus on the coherent modelling of different (functional) sources of 

income and incorporate the impact of price and quantity adjustments in goods and labour 

markets on the distribution of real disposable income.  

This paper uses a general-equilibrium model to analyse distributional effects of labour market 

reforms. We show how policy affects different sources of income (wage income, benefits, 
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transfers, profits, and interest income) and proxy the income distribution of wage earners by 

distinguishing between low-, medium- and high skilled labour. The following section presents 

the definition of income sources in the model, focusing only on elements of the model that are 

crucial to understand the classification of income groups. Section 4 then discusses the distri-

butional effects of labour market reforms, and section 5 concludes.  

3. Functional income distribution 

Our model economy is populated by households, final and intermediate goods producing 

firms, a research industry, a monetary and a fiscal authority. Firms in the final goods sector 

produce differentiated goods, which are imperfect substitutes for goods produced abroad. Fi-

nal good producers use a composite of intermediate goods and three types of labour (low-, 

medium-, and high-skilled). Households own the economy's real and financial assets. They 

buy the patents of designs produced by the R&D sector and license them to the intermediate 

goods producing firms. The intermediate sector is composed of monopolistically competitive 

firms, which produce intermediate products from rented capital input, using the designs li-

censed from the household sector. The production of new designs takes place in research labs, 

employing high-skilled labour and making use of the existing stock of domestic and foreign 

ideas (Jones 1995, 2005). Technological change is modelled as increasing product variety in 

the tradition of Dixit and Stiglitz (1977). In this section we only discuss aspects of the model 

that are relevant for the understanding of how structural reforms affect the functional income 

distribution. The exposition of the model is simplified to focus on functional income catego-

ries, notably by presenting a consolidated version of the household sector and a tax structure. 

Appendix A instead provides a detailed description of the individual model elements and their 

calibration. 

3.1 Households 

The household sector supplies labour differented by skill (𝐿𝑘𝑡), with 𝑘 ∈ (𝐿,𝑀,𝐻), holds tan-

gible capital (𝐾𝑡), intangible assets (patents) (𝐴𝑡), and financial assets (𝐵𝑡). The household 

sector receives wage income from labour at wage rate (𝑊𝑘𝑡), rental income form physical cap-

ital and intangible assets at rate (𝑖𝑡
𝐾) and (𝑖𝑡

𝐴), and interest income from financial assets at rate 

(𝑖𝑡). Apart from the rental income on capital, the household sector also receives profits from 

the final goods production sector (𝑃𝑅𝑡
𝑌), from the A firms in the intermediate goods sector 

(𝑃𝑅𝑡
𝑥), and from the research sector (𝑃𝑅𝑡

𝐴). Finally, the household sector receives transfers, 

which are split into unemployment benefits (𝐵𝐸𝑁𝑡) and other transfers (TRt), mostly pensions, 

and it pays labour income taxes (𝑡𝑡
𝑘) and other (lump-sum) taxes (𝑇𝑡). The total income re-

ceived by the household sector in period t can be used for consumption (Ct) and gross savings, 

which are net purchases of financial assets, ∆𝐵𝑡, tangible investment, 𝐽𝑡
𝐾 including deprecia-

tion, and investment in intangibles, 𝐽𝑡
𝐴.  

The households derive decision rules from maximising an intertemporal utility function: 

𝑚𝑎𝑥 𝑈0 = 𝐸0∑ 𝛽𝑡(𝑈(𝐶𝑡) + 𝑉(𝑃𝑂𝑃𝑘𝑡(1 − 𝑁𝑃𝑘𝑡)
∞
𝑡=0 − 𝐿𝑘𝑡)), (1) 

which is additively separable in consumption and leasure of the three skill groups, and where 

𝛽 is the rate of time preference. 𝑃𝑂𝑃𝑘𝑡 is the population share of skill group k, and  𝑁𝑃𝑘𝑡 is 

the respective non-participation rate, which is determined by institutional factors, such as re-

tirement age, years of schooling, availability of child care infrastructure, etc. The households' 

decision is constrained by a sequence of period budget constraints:  
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𝑃𝑡
𝐶𝐶𝑡 + ∆𝐵𝑡 + 𝑃𝑡

𝐾𝐽𝑡
𝐾 + 𝑃𝑡

𝐴𝐽𝑡
𝐴 =

𝑖𝑡−1𝐵𝑡−1 + ∑ (1 − 𝑡𝑡
𝑘)𝑊𝑘𝑡𝐿𝑘𝑡𝑘 + 𝑖𝑡−1

𝐾 𝑃𝑡
𝐾𝐾𝑡−1 + ∫ 𝑖𝑖𝑡−1

𝐴 𝑃𝑖𝑡
𝐴𝐴𝑡−1

𝑖=0
𝑑𝑖 + 𝑃𝑅𝑡

𝑌 + ∫ 𝑃𝑅𝑖𝑡
𝑥𝑑𝑖

𝐴𝑡

𝑖=0
+

𝑃𝑅𝑡
𝐴 + 𝐵𝐸𝑁𝑡 + 𝑇𝑅𝑡 − 𝑇𝑡 ,        (2) 

and the asset accumulation constraints for tangible and intangible capital:  

∆𝐾𝑡 = 𝐽𝑡
𝐾 + 𝛿𝐾𝐾𝑡−1, (3) 

∆𝐴𝑡 = 𝐽𝑡
𝐴 + ∫ 𝛿𝐴𝑑𝑖

𝐴𝑡−1

𝑖=0
, 

where 𝛿𝐾 and 𝛿𝐴 are the depreciation rates of tangible and intangible capital. (4) 

From the FOCs we obtain the arbitrage conditions for investment in tangible (5) and non-

tangible (6) capital: 

𝑖𝑡
𝐾 = 𝑖𝑡 − 𝐸𝑡𝜋𝑡+1

𝐾 + 𝛿𝐾, (5) 

𝑖𝑡
𝐴 = 𝑖𝑡  − 𝐸𝑡𝜋𝑡+1

𝐴 + 𝛿𝐴. (6) 

The (nominal) return on tangible capital exceeds the (nominal) return on financial assets by 

the rate of capital depreciation (𝛿𝐾). In case of expected capital valuation gains (𝐸𝑡𝜋𝑡+1
𝐾 > 0), 

arbitrage reduces 𝑖𝑡
𝐾. Similarly, the rate of return on intangible assets differs from the risk free 

rate by an expected capital gain (𝐸𝑡𝜋𝑡+1
𝐴 ) and the rate of depreciation (𝛿𝐴).  

3.2 Firms 

3.2.1 Final goods producers 

The final goods producers (j=1,…, n) are buying capital services as intermediate input to pro-

duction and hire labour. Final output, 𝑌𝑗𝑡, is produced with labour input, 𝐿𝑌𝑗𝑡, intermediate 

capital inputs, 𝑥𝑚,𝑡, and public capital, 𝐾𝐺𝑡, where production is subject to general per-period 

fixed cost, 𝐹𝐶𝑌:  

𝑌𝑗𝑡 = (𝐿𝑌𝑗𝑡)
𝛼
(∫ (𝑥𝑖𝑗𝑡)

𝜃
𝑑𝑖

𝐴𝑡

𝑖=0
)
(1−𝛼)/𝜃

𝐾𝐺𝑡
𝛼𝐺 − 𝐹𝐶𝑌 (7) 

Fixed costs in the production function are a common feature in structural macroeconomic 

models, including the prominent examples of Smets and Wouters (2003), Christoffel et al. 

(2008), and Ratto et al. (2009) for the Euro Area, and Christiano et al. (2005) for the US 

economy. As explained by Christiano et al (2005), the inclusion of fixed costs can account for 

the gap between significant price mark-ups, on the one side, and comparably low corporate 

profits, on the other side (Hall 1988, Rotemberg and Woodford 1999). 

Labour is a CES aggregate of the three different skill types with: 

𝐿𝑌𝑗𝑡 = (
𝛬𝐿

1

𝜇(𝜒𝐿𝐿𝐿𝑗𝑡)
1−𝜇

𝜇 + 𝛬𝑀

1

𝜇 (𝜒𝑀(𝐿𝑀𝑗𝑡 − 𝐹𝐶𝐿,𝑀))

1−𝜇

𝜇

+𝛬𝐻𝑌
1/𝜇
(𝜒𝐻𝑌𝐿𝐻𝑌𝑗𝑡)

1−𝜇

𝜇

)

𝜇

1−𝜇

, (8) 
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where LL,t, LM,t and LHY,t denote the employment of low-, medium- and high-skilled workers in 

final goods production, respectively. A fixed number of workers with medium skills are em-

ployed as overhead labour, 𝐹𝐶𝐿 . Parameter Λz is the corresponding share parameter 𝑧 ∈
(𝐿,𝑀, 𝐻𝑌), χz is the efficiency unit, and µ is the elasticity of substitution between different 

labour types.  

The final goods producer j is a monopolistic competitor that maximises profits 𝑃𝑅𝑡
𝑌 net of a 

profit tax, 𝑡𝑡
𝑃:  

𝑃𝑅𝑗𝑡
𝑌 = (1 − 𝑡𝑡

𝑃)(𝑃𝑗𝑡
𝑌𝑌𝑗𝑡 − (1 + 𝑠𝑠𝑐𝑡)𝑊𝑡 𝐿𝑌,𝑗𝑡) − 𝐴𝑡𝑥𝑗𝑡𝑃𝑡

𝑥 (9) 

From the FOC w.r.t. labour, wage income in the final goods sector is given by: 

(1 −𝑚𝑢𝑝𝑗𝑡
𝑌 )𝛼(𝑌𝑗𝑡 + 𝐹𝐶𝑌)𝑃𝑡

𝑌 = 𝑊𝑡𝐿𝑌𝑗𝑡, (10) 

where the mark-up 𝑚𝑢𝑝𝑗𝑡
𝑌  is the inverse of the price elasticity of demand for final good j. 

The FOC for the demand for intermediate capital good i yields:  

(1 −𝑚𝑢𝑝𝑗𝑡
𝑌 )(1 − 𝛼)(𝑌𝑗𝑡 + 𝐹𝐶𝑌)𝑃𝑡

𝑌 = 𝑃𝑖𝑡
𝑥𝑥𝑖𝑗 (11)                                                                                              

Given the FOCs, profits of the final goods producing sector can be expressed as a positive 

function of the mark-up and depend negatively on fixed costs: 

𝑃𝑅𝑗𝑡
𝑌 = 𝑚𝑢𝑝𝑗𝑡

𝑌 𝑃𝑗𝑡
𝑌𝑌𝑗𝑡 − (1 −𝑚𝑢𝑝𝑗𝑡

𝑌 )𝑃𝑗𝑡
𝑌𝐹𝐶𝑌 −𝑊𝑡,𝑀𝐹𝐶𝐿,𝑀 ≥ 0 (12) 

3.2.2 Intermediate production 

Intermediate goods producers rent tangible and intangible capital. The technology has con-

stant returns in tangible capital, whereas intangible capital is a fixed cost for the firm. The 

production technology is given by: 

𝑥𝑡
𝑖 = 𝐾𝑡

𝑖 (13) 

The profit of intermediate goods producer i (𝑃𝑅𝑖𝑡
𝑥 ) is the difference between revenues and the 

rental price of physical capital, 𝑖𝑡
𝐾𝑃𝑡

𝐾, and intangible capital, 𝑖𝑡
𝐴𝑃𝑡

𝐴  

𝑃𝑅𝑖𝑡
𝑥 = 𝑃𝑡

𝑥𝑖𝑥𝑡
𝑖 − 𝑖𝑡

𝐾𝑃𝑡
𝐾𝐾𝑡

𝑖 − 𝑖𝑡
𝐴𝑃𝑡

𝐴, (14) 

where 𝑃𝑡
𝐾 is the price of the physical capital good, and 𝑃𝑡

𝐴 is the price of the patent. The in-

termediate goods producer maximises profits w.r.t. 𝑥𝑡
𝑖  , subject to the technology constraint 

(13) and the demand for intermediate goods that follows from equation (11). This yields the 

pricing rule: 

𝑃𝑡
𝑥𝑖 =

𝑖𝑡
𝐾𝑃𝑡

𝐾

𝜃
, (15) 

where prices exceed marginal cost by a mark-up factor that is inversely related to the elasticity 

of substitution (𝜃) between varieties of intermediate inputs in final production. The free-entry 

condition implies that the capital cost from holding a patent is equal to current profits:  
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(𝑖𝑡 − 𝐸𝑡𝜋𝑡+1
𝐴 + 𝛿𝐴)𝑃𝑡

𝐴 = (𝑃𝑡
𝑥𝑖𝑥𝑡

𝑖 − 𝑖𝑡
𝐾𝑃𝑡

𝐾𝐾𝑡
𝑖) (16) 

Free entry and the arbitrage condition (6) imply zero profits for the intermediate goods firms: 

𝑃𝑅𝑡
𝑥𝑖 = 𝑃𝑡

𝑥𝑖𝑥𝑡
𝑖 − 𝑖𝑡

𝐾𝑃𝑡
𝐾𝐾𝑡

𝑖 − 𝑖𝑡
𝐴𝑃𝑡

𝐴 = 0 (17) 

The zero-profit condition and the mark-up pricing rule for the intermediate goods firm give 

the following relationship between the capital cost for intangibles and the price for intermedi-

ate physical capital goods: 

𝑖𝑡
𝐴𝑃𝑡

𝐴 = 𝑃𝑡
𝑥𝑖𝑥𝑡

𝑖 − 𝑖𝑡
𝐾𝑃𝑡

𝐾𝐾𝑡
𝑖 = (1 − 𝜃)𝑃𝑡

𝑥𝑖𝑥𝑡
𝑖 (18) 

3.2.3 Research  

The research sector creates new designs, using a (knowledge) production function with high-

skilled labour as input:  

∆𝐴𝑡 = 𝜐𝐴𝑡−1
𝜙
𝐿𝐻𝐴𝑡
𝜆  (19) 

The modelling follows Jones (1995, 2005) semi-endogenous growth model in which 𝜐 is the 

total factor efficiency of R&D production, parameter 𝜙 (0< 𝜙 < 1) measures the domestic 

spillover effects from the accumulated (i.e. existing) domestic knowledge stock (𝐴𝑡−1) on fur-

ther knowledge production, and λ measures the elasticity of R&D production w.r.t. the num-

ber of researchers (𝐿𝐻𝐴𝑡). Note that setting 𝜙 < 1 implies the Jones-type semi-endogenous 

growth model, whereas 𝜙 = 1 would yield the strong scale effects with respect to the domestic 

level of knowledge that are part of endogenous growth models.  

Maximising profits yields: 

𝑊𝑡
𝐻𝐿𝐻𝐴𝑡 = 𝜆𝑃𝑡

𝐴∆𝐴𝑡, (20) 

and positive profits 𝑃𝑅𝑡
𝐴: 

𝑃𝑅𝑡
𝐴 = (1 − 𝜆)𝑃𝑡

𝐴∆𝐴𝑡 (21) 

The ratio of wage and profit income in the research sector is a positive function of the elastici-

ty of output w.r.t. labour in the research sector (𝜆 ). 

3.3 Income shares 

In this section we discuss how labour, capital and profit income shares are determined in this 

economy. Since the structural reform measures that we consider affect the supply of labour by 

skill, we also analyse how wage income of individual skill groups is affected. We also trace 

the response of income from tangible and intangible capital. The supply of skills also affects 

investment in tangibles and intangibles. Using the FOCs for intermediates and the pricing rule 

of the intermediate goods sector, we first determine the relationship between income from in-

tangible capital and final output:  

𝑖𝑡
𝐴𝑃𝑡

𝐴𝐴𝑡 = (1 − 𝜃)(1 − 𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼)(𝑌𝑗𝑡 + 𝐹𝐶𝑌)𝑃𝑡

𝑌 (22) 
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Using (11), one can express the rental income from physical capital as a function of final out-

put: 

𝑖𝑡
𝐾𝑃𝑡

𝐾𝐴𝑡𝑥𝑡 = 𝜃(1 −𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼)(𝑌𝑡 + 𝐹𝐶𝑌)𝑃𝑡

𝑌 (23) 

Equations (22) and (23) show that the fractions 𝜃 and 1 − 𝜃 of total capital income go to in-

tangible capital and tangible capital, respectively, where the share going to intangible capital 

is a negative function of the elasticity of substitution (EoS) between intermediates in final 

good production. Relative income from intangible and tangible capital is entirely determined 

by this EoS and does not depend on the relative supply of labour with different skills. Com-

bining income from tangible and intangible capital yields: 

  𝑖𝑡
𝐴𝑃𝑡

𝐴𝐴𝑡 + 𝑖𝑡
𝐾𝑃𝑡

𝐾𝐴𝑡𝑥𝑡 = (1 −𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼)(𝑌𝑗𝑡 + 𝐹𝐶𝑌)𝑃𝑡

𝑌 (24) 

Now we are in a position to see what determines the wage, rental and profit income shares in 

the final goods sector. Wage, rental income and monopoly rents as share of final output: 

𝑊𝑡𝐿𝑌𝑡

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)𝛼 (1 +

𝐹𝐶𝑌

𝑌𝑡 
) +

𝑊𝑡𝐹𝐶𝐿

𝑃𝑡
𝑌𝑌𝑡

 (25) 

(𝑖𝑡
𝐴𝑃𝑡

𝐴𝐴𝑡+𝑖𝑡
𝐾𝑃𝑡

𝐾𝐴𝑡𝑥𝑡)

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼) (1 +

𝐹𝐶𝑌

𝑌𝑡 
)  (26) 

𝑃𝑅𝑡
𝑌

𝑃𝑡
𝑌𝑌𝑡
= 𝑚𝑢𝑝𝑡

𝑌 −
(1−𝑚𝑢𝑝𝑡

𝑌)𝐹𝐶𝑌

𝑌𝑡
−
𝑊𝑡𝐹𝐶𝐿

𝑃𝑡
𝑌𝑌𝑡

 (27) 

From the analysis so far we see that the share of labour, capital and profit income to final out-

put depends on the presence of fixed costs and overhead labour. In the absence of fixed costs 

and overhead labour, the three income shares are entirely determined by the respective output 

elasticities w.r.t. the factors of production and by the price mark-up in the final goods sector. 

Any reform which affects the level of real final output does not affect the income shares as 

long as the price mark-up in the final goods sector remains constant. In the presence of fixed 

costs and overhead labour, to the contrary, structural reforms that affect output in the final 

goods sector positively increase the share of profits and reduce the share of wages and rental 

income from capital due to the presence of fixed costs. The effect of overhead labour on the 

income share of profits and wages is ambiguous. If the growth of real final output (𝑌𝑡 ) ex-

ceeds the increase in the real wage, 
𝑊𝑡

𝑃𝑡
𝑌 (expressed in terms of final goods), wage income de-

clines (profit income increases), and vice versa.  

There remains one other interesting case, namely mark-ups only cover fixed costs and profits 

are zero. Consider, first, the case with 𝐹𝐶𝐿 = 0. Now the zero-profit condition implies: 

𝑚𝑢𝑝𝑡
𝑌𝑌𝑡 = (1 −𝑚𝑢𝑝𝑡

𝑌)𝐹𝐶𝑌 (28) 

𝑊𝑡𝐿𝑌𝑡

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)𝛼 (1 +

𝑚𝑢𝑝𝑡
𝑌

1−𝑚𝑢𝑝𝑡
𝑌) = 𝛼 (29) 

𝑖𝑡
𝐴𝑃𝑡

𝐴𝐴𝑡+𝑖𝑡
𝐾𝑃𝑡

𝐾𝐴𝑡𝑥𝑡

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼) (1 +

𝑚𝑢𝑝𝑡
𝑌

1−𝑚𝑢𝑝𝑡
𝑌) = 1 − 𝛼, (30) 

i.e. wage and capital income shares only depend on 𝛼. In the zero fixed-cost case (𝐹𝐶𝑌 = 0), 

we have:  
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𝑚𝑢𝑝𝑡
𝑌𝑃𝑡

𝑌𝑌𝑡 = 𝑊𝑡𝐹𝐶𝐿 (31) 

𝑊𝑡𝐿𝑌𝑡

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)𝛼 +

𝑊𝑡𝐹𝐶𝐿

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)𝛼 + 𝑚𝑢𝑝𝑡

𝑌 = 𝛼 +𝑚𝑢𝑝𝑡
𝑌(1 − 𝛼) (32) 

𝑖𝑡
𝐴𝑃𝑡

𝐴𝐴𝑡+𝑖𝑡
𝐾𝑃𝑡

𝐾𝐴𝑡𝑥𝑡

𝑃𝑡
𝑌𝑌𝑡

= (1 −𝑚𝑢𝑝𝑡
𝑌)(1 − 𝛼), (33) 

i.e. wage and capital income shares depend on 𝛼 and 𝑚𝑢𝑝𝑡
𝑌. Structural reforms that reduce the 

share of overhead labour in final output (because of rising output) would reduce the mark-up. 

In 𝐹𝐶𝑌 = 0 case, the reduction in the mark-up goes along with a fall in the wage share, as the 

reason for the decline of the mark-up is the fall in the wage share of overhead labour in final 

output. A fall in the mark-up would in this case, however, increase the share of capital in final 

output.  

Concerning wage income, even in the case of a constant labour income share the interesting 

question remains of how the increase in wage income in case of rising real (final) output, in-

duced by an increase in the supply of labour, will be divided into changes in real wages and 

changes in employment. Providing an analytical decomposition throughout the adjustment 

path towards the new long-run equilibrium is difficult since it depends on the dynamic ad-

justment of the real interest rate. An answer can be provided, however, concerning the long-

run evolution of the real wage (and employment). A second question that is especially rele-

vant in the context of this paper is how the wage shares and the real wages of specific skill 

groups change in the long run in case of a permanent skill-specific labour supply shock. Ap-

pendix B to this paper provides an analysis of the wage response to general versus skill-

specific labour supply shocks. The results can be summarised in the following two proposi-

tions: 

Proposition 1: Labour market reform which increases the labour aggregate in the final goods 

production sector, 𝐿𝑌,𝑡, raises the capital stock until the initial capital-to-labour ratio is re-

established. Since the post-reform K-𝐿𝑌 ratio is unchanged, the post-reform marginal product 

of 𝐿𝑌,𝑡 is also unchanged, which supports an unchanged real wage index, 𝑊𝑡. The total wage 

share in nominal output also remains constant. 

Proposition 2: An increase of employment of skill group i is associated with an increase in 

the wage share of of skill group i and a decline in the real wage of skill group i in terms of the 

final output deflator. 

The strength of permanent wage effects in response to skill-specific labour supply shocks de-

pends on the substitutability between different skills in production. The lower the elasticity of 

substitution between skill types, the stronger the trade-off in terms of negative wage effects 

becomes. If different skills are (nearly) perfect substitutes, the trade-off disappears. In a semi-

endogenous growth model, the wage reduction is mitigated because labour market reforms 

also have positive TFP effects, either directly via an increase in the supply of high-skilled la-

bour, or indirectly because of a reallocation of high-skilled workers from production to R&D. 

The impact of a skill-specific labour supply expansion on skill-specific labour income, i.e. 

wage times employment, is illustrated in Figure 1, which shows the long-run effect of an ex-

pansion in the low-skilled work force for a given demand curve for low-skilled labour. The 

horizontal labour supply schedule in both panels corresponds to the case in which (relative) 

wages adjust fully, so that the expanded labour force is fully employed. 
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Figure 1: Wage and wage sum effects of an increase in low-skilled labour supply 

The left panel of Figure 1 depicts the case, where the elasticity of substitution in the demand 

for labour between skill groups is above unity (σ>1). The low-skilled labour supply (LS) 

moves up from 𝐿1
𝐿  to 𝐿2

𝐿 . The low-skilled wage level falls from 𝑤1
𝐿 to 𝑤2

𝐿. For the skill-specific 

labour demand elasticity above unity, the per-cent increase in low-skilled employment is larg-

er than the per-cent decline in the wage, so that wage share of low-skilled workers increases 

(𝑤2
𝐿𝐿2
𝐿 > 𝑤1

𝐿𝐿1
𝐿). 

The right panel of Figure 1, to the contrary, illustrates the situation in which the elasticity of 

substitution between skill groups in labour demand is below unity (σ<1). The low-skilled la-

bour supply (LS) moves up from 𝐿1
𝐿  to 𝐿2

𝐿  as before, but it is now confronted with a flatter la-

bour demand schedule LD(w
L
), leading to a more pronounced wage decline from 𝑤1

𝐿 to 𝑤2
𝐿. 

For the skill-specific labour demand elasticity below unity, the per-cent increase in low-

skilled employment is smaller than the per-cent decline in the wage, so that wage share of 

low-skilled workers declines (𝑤2
𝐿𝐿2
𝐿 < 𝑤1

𝐿𝐿1
𝐿). 

3.4 Calibration 

The calibration of the model parameters is explained in detail in Appendix A to this paper. 

Here, we only emphasise the aspects of the calibration of the production block that are crucial 

for this exercise. We rely on sectoral mark-up estimates using EU KLEMS data. Aggregating 

mark-ups across sectors suggests aggregate mark-ups of around 13% in the final goods sector 

and around 10% in the intermediate production sector. The latter mark-up pins down the elas-

ticity of substitution between intermediate goods (1/ 𝜃) to 1.1. We determine the size of fixed 

costs such that the model can reconcile relatively large mark-ups with modest profit rates of 

around 1% of net disposable income. We choose steady-state rental rates of capital such that 

the model can generate a capital-output ratio of 3 and an R&D share of 2% at the EU-

aggregate level. Information on the wage share and the final goods mark-up is used to pin 

down the output elasticity of labour (and by implication that of capital) in the production 

function as well as the level of overhead labour. 

Since the labour market reforms discussed in this paper affect the skill composition of em-

ployment, special emphasis must be given to the skill parameters in production and the skill-
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specific elasticity of labour supply. The consensus estimate for the elasticity of substitution 

between skilled labour and unskilled labour is in the range between 1.0 and 2.0 (Katz and Au-

tor, 1999). Acemoglu and Autor (2011) recently updated the seminal reference of this elastici-

ty parameter by Katz and Murphy (1992, "KM" hereafter). While KM estimated that the elas-

ticity of substitution between skilled and unskilled labour is about 1.4, Acemoglu and Autor 

(2011) argue in favour of a somewhat higher value in the range of 1.6-1.8, using an extended 

version of the KM data sample (spanning 1963-2008 as opposed to 1968-1987). We use the 

middle value of this range, µ=1.7, for the simulations in section 4. Concerning labour supply, 

we set the average labour supply elasticity at 0.4, which is in the range of the estimates in the 

literature (Chetty, 2012).  

4. The impact of labour market reforms on income categories  

We consider two types of reforms: (1) an increase in the participation rate of low-skilled and 

medium-skilled workers, and (2) an increase in the share of medium- and high-skilled work-

ers, associated with a decline in the share of low-skilled labour. The two reforms are imple-

mented by giving (1) permanent negative shocks to 𝑁𝑃𝐿 and 𝑁𝑃𝑀, and (2) positive shocks to 

𝑃𝑂𝑃𝑀 and 𝑃𝑂𝑃𝐻., respectively, where  𝑁𝑃𝐿 and 𝑁𝑃𝑀 are the shares of non-participants with-

in, respectively, the low-skilled and medium-skilled working age population, and 𝑃𝑂𝑃𝑀 and 

𝑃𝑂𝑃𝐻  are, respectively, the population shares of medium-skilled and high-skilled labour. Our 

focus is on the consequences of changing the structure of labour supply. In this paper we are 

not discussing concrete policy measures, but only consider exogenous shifts, because we want 

to avoid that specific revenue effects and financing needs attached to particular policy 

measures, particularly in the tax and benefit system, influence the results
1
. An increase in la-

bour force participation, e.g., may be costly for the government if it results from an increased 

provision of child-care facilities or from lower taxes on labour. It could also go along with an 

increase in revenue, however, if implemented via a reduction of unemployment benefits. Gov-

ernment expenditure and transfers are kept constant in the simulations in real terms, and the 

government targets a constant debt-to-GDP ratio in the long run. Any additional revenue gen-

erated by the reform, notably via positive tax base effects, is rebated to households in the form 

of lump-sum transfers. This fiscal closure assures that the effects of structural reforms are not 

affected (mitigated or amplified) by second-round distortionary fiscal adjustment, which is a 

structural intervention itself.  

Table 1: Structural indicators and benchmarks 

Country Medium-skilled 

non-participation 

Low-skilled   

non-participation 

Low-skilled 

share 

High-skilled 

share 

Best 3 11.2 25.4 6.3 10.3 

E28 19.2 35.2 21.9 6.3 

AT 19.3 37.9 14.7 7.7 

BE 21.9 47.2 21.8 7.8 

BG 18.1 44.6 17.4 4.9 

CY 17.9 31.9 17.8 5.8 

CZ 14.9 42.4 6.1 5.5 

DE 15.3 33.3 13.4 6.8 

DK 15.0 33.3 18.4 9.9 

EE 15.6 28.5 10.8 6.3 

                                                           
1
 See Roeger et al (2018) for a more detailed discussion of specific policy measures. 
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EL 23.5 35.6 26.4 4.3 

ES 17.7 27.8 39.9 5.2 

FI 18.6 37.4 10.8 9.7 

FR 19.9 38.2 20.6 5.2 

HR 26.1 57.7 14.9 4.5 

HU 19.2 37.6 15.1 4.7 

IE 22.2 43.0 16.8 9.3 

IT 22.6 39.3 38.3 3.2 

LT 18.3 40.3 5.2 6.3 

LU 23.5 34.9 21.4 7.9 

LV 18.2 29.9 9.3 4.4 

MT 12.9 36.3 46.7 5.7 

NL 16.1 34.0 21.0 9.4 

PL 26.9 52.5 7.6 5.9 

PT 10.4 24.8 50.2 6.5 

RO 23.7 41.2 21.5 5.0 

SE 10.2 23.7 14.4 11.2 

SI 19.9 43.8 11.9 6.6 

SK 18.7 47.6 8.3 3.2 

UK 17.1 30.9 19.6 9.7 

Notes: Darker shades correspond to larger gap vis-à-vis the benchmark. Low-skilled corresponds to ISCED 0-2 

categories, high-skilled corresponds to scientists and engineers (in natural science, mathematics, computing, 

manufacturing, or construction); the rest of the population is defined as medium-skilled.  

Sources: Eurostat, 2018 or latest available. 

For a realistic quantification of structural reforms and following Varga and in 't Veld (2014), 

we base the magnitude of each reform shock on a benchmarking exercise, which applies a dis-

tance-to-frontier approach to measure the potential for reforms by assuming a gradual and par-

tial closure of the gap in labour market indicators vis-à-vis the (simple) average of the three 

best-performing EU Member States.
2
 The first simulated structural reform scenario focuses on 

labour market reforms that increase the labour market participation rate for low-skilled, older, 

and female workers, respectively; the second scenario considers human capital investment 

raising the population share of the medium- and high-skilled labour force. Table 1 shows the 

corresponding indicators for each reform area, the targeted benchmark values ("Best 3") and 

the relative position of the various Member States with respect to the benchmark.The gaps for 

all Member States are then merged by taking a weighted average to obtain an EU-wide gap 

towards the three best performers for each indicator. Following Varga and in 't Veld (2014), 

we quantify the potential for reform as closing half of the gap vis-à-vis the three best perform-

ers for these indicators. To allow for realistic implementation lags, we phase in the reforms 

gradually over 20 years. For each reform scenario, the Figures below show the impulse re-

sponse of selected marcoecnomic variables during the first 10 years, after 15 years and in the 

long run (LR), the change in income shares after 5, 10, 15 years and in the LR, and develop-

ments in wages and wage sums in the first 10 years, after 15 years, and in the LR. The discus-

                                                           
2
 Varga and in 't Veld (2014) applies a benchmarking methodology to quantify the magnitude of structural re-

forms and assesses their aggregate economic effects through model-based simulations. The simulated shocks are 

based on a set of structural reform indicators covering a broad set of areas, including market competition and 

regulation, tax structure, and a wide range of labour market reforms. In this paper we focus on two elements of 

labour market reforms (participation and upskilling) and analyse their distributional effects. 
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sion in the text limits itself to the results in qualitative terms, i.e. without particular reference 

to the magnitude of the effects (which can, however, be inferred from the Figures). 

4.1 Increasing low-skilled and medium-skilled labour force participation  

Figure 2 shows the ouput, tangible capital, employment, and productivity effects of the partic-

ipation reform. Rising low- and medium-skilled labour force participation increases GDP and 

therefore total income. Contrary to the standard neoclassical growth model with exogenous 

technological change, the increasing supply of low-skilled and medium-skilled labour leads to 

a small reallocation of high-skilled workers from final goods firms to the R&D sector, which 

is increasing TFP slightly. 

 

Figure 2: Macroeconomic effects of rising labour market participation 

Figure 3 below shows the total effect of the two participation shocks (see Appendix C for a 

breakdown into increases in the participation rate of low-skilled labour and medium-skilled 

labour, respectively) on the income distribution. With the presence of fixed costs, the positive 

output effect reduces both the wage share and the rental income share, and it increases the 

share of profit income. The fact that the share of overhead labour income in total income de-

clines reduces the wage share and increases the profit share even further as illustrated by the 

equations (25)-(27) in section 3.3 above. The increase of profits more than compensates capi-

tal owners for the decline in rental income from capital, so that the share of total capital in-

come rises. The share of transfer income is falling, since transfers do not increase in real 

terms. The income from unemployment benefits increases because a higher participation rate 

also increases the number of unemployed workers (structural unemployment) in the labour 

force. Changes of income from financial wealth are small. Interest income from government 
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debt is slightly declining because governemt debt is a constant share of GDP. Interest income 

from abroad approaches its pre-reform level, since the net foreign asset (NFA) position returns 

to its pre-reform value in the long term and since the return on foreign assets is exogenous to 

the reform shocks.      

Figure 3 also traces how the labour income and wage rates of the three income groups are 

evolving. The rise in participation increases net wage income across all skill categories, but 

more so for medium-skilled and low-skilled workers. The wage sum relative to net income is 

declining across all three skill groups, however. As shown by the bottom panel of Figure 3, 

the net real consumption wage rates (hourly wages) of both medium-skilled and low-skilled 

workers are declining, while it is increasing for high-skilled workers. The TFP increase asso-

ciated with this type of reform in our semi-endogenous growth model is not strong enough to 

compensate for the efficiency loss associated with the change in the skill composition. 

The restrictions imposed on government spending yield a 'reform dividend' in form of higher 

tax revenues, which is redistributed to all households in the form of lump-sum transfers (but 

which could also, e.g., be redistributed in the form of higher government services).
3
 As can be 

seen from Figure 3, the share of lump-sum transfers amounts to slightly below 1.5 pp of total 

income, which is similar in order of magnitude to the fall in wage income. Note, however, that 

lump-sum rebates of tax revenue in the order of magnitude of the decline of the wage income 

share does not imply that loosers of the reform are (fully) compensated by this second-round 

effect. The wage share of high-skilled labour is also declining, but (as discussed in the previ-

ous paragraph) real wage income of high-skilled workers rises, although it increases less than 

average net income. Similarly, transfer income recipents do not need to be compensated, since 

their real income stays constant, but nevertheless would receive the lump-sum rebate.  

In sum, distributional effects of reforms aiming to increase labour force participation of low- 

and medium-skilled workers are sizeable. According to our simulation results in this subsec-

tion, the share of wages in total income declines despite an increase in employment. This hap-

pens because of fixed costs and overhead labour. There exists a long-run trade-off between 

employment and wages which cannot be overcome by an endogenous increase in TFP given 

the relative strength of the channels. The government has sizeable reform dividend in the form 

of additional revenues available, however, to compensate those groups that suffer real wage 

losses. The reform dividend would, e.g., suffice to compensate low-skilled workers for a real 

wage loss of about 1% and medium-skilled workers for a real wage loss of about 0.75% in the 

long term. In addition, the scenario in this subsection should be seen as an upper bound con-

cerning the decline in the wage share, because we are not considering a potential decline in 

the mark-up which, in models of endogenous market entry, could be associated with entry into 

the goods market in response to rising profits. 

 

                                                           
3
 'Reform dividend' refers to lump-sum transfers (negative lump-sum taxes) that endogenously respond in the 

modelsimulation to stabilise the government debt-to-GDP ratio at its baseline levels. Hence, 'reform dividend' 

refers to the additional net government revenue that the reform delivers.  
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Figure 3: Distributional effects of rising labour market participation 

Note: The first panel shows the changes of income shares as pp deviations from baseline; the second and third 

panels show the deviation of total net wages in absolute terms and in % of net disposable income, respectively. 

The fourth panel shows the consumption-price-deflated net wages, and the panel presents the GDP-deflated net 

wages relative to per-capita net disposable income. Results are shown in deviations from the no-reform baseline.  
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4.2 Increasing the share of medium-skilled and high-skilled labour  

Figure 4 shows the output, tangible capital, employment and productivity (TFP) effects of a 

rising share of medium- and high-skilled workers, i.e. upskilling of the labour force 

9education reform). Like in the previous reform scenario of increasing labour force participa-

tion, these shocks also yield positive GDP effects. Compared to the previous scenario, up-

skilling yields higher productivity effects, because the share of high-skilled workers (that can 

work in the R&D sector) in total employment increases. 

 

Figure 4: Macroeconomic effects of upskilling (education reforms) 

Figure 5 portrays the distributional effects of the two skills-improving shocks together, i.e. 

increasing the share of medium-skilled versus low-skilled labour, and of high-skilled versus 

medium skilled labour. This skill shift has distributional effects that are similar to the effects 

of the increase in low- and medium-skilled labour force participation in the previous subsec-

tion. In particular, the increase of final output reduces the share of wages and of rental income 

from capital, and raises the profit share. Transfers, which are kept constant in real level terms, 

are declining as a share of income. Benefits, on the other hand, are slightly increasing, due to 

the fact that benefits are indexed to the skill-specific wage, so that the share of unemployed 

receiving higher benefits increases. As in the participation growth scenario in 4.1, profits rise 

sufficiently to compensate for the decline in the share of rental income from capital, so that 

the share of capital-related income (profits and interest income on capital) increases. Because 

of the productivity (TFP) gains associated with this scenario, upskilling is associated with 

higher government-revenue 'reform dividends' that can, in principle, be used for redistributive 
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purposes. Here this 'reform dividend' is reimbursed to all households in the form of an addi-

tional lump-sum transfer, which in the long run amounts to 2 pp of total income.  

 

Figure 5: Distributional effects of upskilling (education reforms) 

Note: The first panel shows the changes of income shares as pp deviations from baseline; the second and third 

panels show the deviation of total net wages in absolute terms and in % of net disposable income, respectively. 

The fourth panel shows the consumption-price-deflated net wages, and the panel presents the GDP-deflated net 

wages relative to per-capita net disposable income. Results are shown in deviations from the no-reform baseline.  
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Looking at the the evolution of wage income by skill group shows that the net wage income of 

high-skilled workers increases, whereas net wage income of low-skilled workers declines. The 

two scenarios have largely compensating effects for medium-skilled workers, instead. The fall 

in the low-skilled wage share and rise in the high-skilled wage share is associated with the 

change in group size. At the level of the wage rate (hourly wage), the shift in labour supply 

towards high- and medium-skilled workers reduces their real consumption wage, whereas the 

reduction in the supply of low-skilled workers leads to an increase in the real consumption 

wage of the remaining low-skilled workers (lower left panel of Figure 5). The same pattern 

holds for the net wage of the three skill groups relative to the increasing per-capita income 

(lower right panel of Figure 5). Hence, from the perspective of the wage rate, i.e. hourly wage 

income, incumbent high-skilled workers loose from the reform. 

5.  Conclusions 

This paper has analysed the distributional impact of two alternative labour market reforms, 

namely (1) increased labour forced participation of the lower skill groups of the wage distribu-

tion, and (2) upskilling of the labour force, using a semi-endogenous growth model calibrated 

on the aggregate EU28 economy. The analysis builds on previous work that linked average 

income gaps, i.e. neglecting distributional implications, to differences in structural indicators 

across EU Member States and identified reforms with the potential of significantly narrowing 

the income gaps. The present paper has focused on reforms which would half the low-skilled 

labour force participation gap and the skill gap towards the three best-performing EU Member 

States in the long run.  

Our analysis shows that the two reforms have positive GDP effects and generally increase to-

tal net wage income of those groups in the labour market that are directly affected ('treated') 

by the reform. There is a long-run trade-off between an increase of employment in the skill 

group that is targeted by the respective reform and its real wage rate. For the given strength of 

the endogenous growth channel in our model, this trade-off between employment and wage 

rate is only partly offset by an endogenous increase in TFP. 

Because of this trade-off, labour market reforms that raise human capital also reduce the wage 

gap between low- and medium/high-skilled workers. A stronger distributional conflict may 

arise between wage earners and transfer recipients, however. In the scenarios presented in this 

paper, it has been assumed that transfer income is indexed (only) to inflation. Reforms which 

also increase productivity therefore increase the gap between wage and transfer income earn-

ers.  

The analysis also shows that capital owners generally benefit from labour market reforms, not 

only in the form of an absolute increase in capital income, but also in the form of an increas-

ing share of capital in total income. The increase in the (relative) income of capital owners is 

due to a scale effect arising from fixed costs and overhead labour in combination with limited 

entry into the final goods production sector. The increase in the capital income share associat-

ed with labour market reforms can be reduced substantially only if we allow for entry in the 

goods market, so that competition can lead to a decline in mark-ups and associated firm prof-

its. The result suggests that labour market reforms combined with existing goods market rigid-

ities can have undesired distributional effects. The result has some parallel to the argument by 

Blanchard and Giavazzi (2003) that labour market reform, which lowers the bargaining power 

of workers, without product market reform at the same time redistributes product market rents 

from labour to capital, without lowering the total size of the rents. 
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Appendix A: The model  

This appendix provides a detailed description of the underlying model, i.e. without the simpli-

fications introduced in the main text for the clarity of exposition. The model economy is pop-

ulated by households, final and intermediate goods producing firms, a research industry, a 

monetary authority, and a fiscal authority. Firms in the final goods sector produce differenti-

ated goods which are imperfect substitutes for goods produced abroad. Final good producers 

use a composite of intermediate goods and three types of labour: low-, medium-, and high-

skilled. Non-liquidity constrained households buy the patents of designs produced by the 

R&D sector and license them to the intermediate goods producing firms. The intermediate 

sector is composed of monopolistically competitive firms which produce intermediate prod-

ucts from rented capital input using the designs licensed from the household sector. The pro-

duction of new designs takes place in research labs, employing high skilled labour and mak-

ing use of the commonly available domestic and foreign stock of knowledge. Technological 

change is modelled as increasing product variety following Jones (1995, 2005) semi-

endogenous growth framework with endogenous R&D. 

A.1 Households 

The household sector consists of a continuum of households h [0,1]. A share (1-ε) of these 

households is not liquidity constrained and indexed by i [0, 1-ε]. They have access to finan-

cial markets where they can buy and sell domestic assets (government bonds), accumulate 

physical capital which they rent out to the intermediate sector, and they also buy the patents 

of designs produced by the R&D sector and license them to the intermediate goods producing 

firms. The remaining share ε of households is liquidity constrained and indexed by k (1-ε,1]. 

These households cannot trade in financial and physical assets and consume their disposable 

income each period. For each skill group we assume that households (liquidity and non-

liquidity constrained) supply differentiated labour services to unions which act as wage setters 

in monopolistically competitive labour markets. The unions pool wage income and distribute 

it in equal proportions among their members. Nominal rigidity in wage setting is introduced 

by assuming that the households face adjustment costs for changing wages. 

A.1.1 Non liquidity-constrained households 

Non-liquidity constrained households maximise an intertemporal utility function in consump-

tion and leisure subject to a budget constraint. These households make decisions about con-

sumption  

(Ci,t), and labour supply (Li,s,t), the purchases of investment good (Ji,t) and government bonds 

(Bi,t), the renting of physical capital stock (Ki,t), the purchases of new patents from the R&D 

sector (JA,i,t), and the licensing of existing patents (Ai,t), and receive wage income (Ws,t), un-

employment benefits (BENs,t), transfer income from the government (TRi,t), and interest in-

come (it, iK,t and iA,t). Hence, non-liquidity constrained households face the following Lagran-

gian: 
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𝑚𝑎𝑥

{

𝐶𝑖,𝑡,𝐿𝑖,𝑠,𝑡,𝐵𝑖,𝑡
𝐽𝑖,𝑡,𝐾𝑖,𝑡
𝐽𝐴,𝑖,𝑡,𝐴𝑖,𝑡

}

𝑡=0

∞
𝑉𝑖,0 = 𝐸0∑𝛽𝑡

∞

𝑡=0

(𝑈(𝐶𝑖,𝑡) + ∑ 𝑉(1 − 𝐿𝑖,𝑠,𝑡)

𝑠∈{𝐿,𝑀,𝐻}

) 

−𝐸0∑𝜆𝑖.𝑡

∞

𝑡=0

𝛽𝑡

𝑃𝑡

(

 
 
 
 
 

(1 + 𝑡𝐶,𝑡)𝑃𝐶,𝑡𝐶𝑖,𝑡 + 𝐵𝑖,𝑡 + 𝑃𝐼,𝑡 (𝐽𝑖,𝑡 + 𝛤𝐽(𝐽𝑖,𝑡)) + 𝑃𝐴,𝑡𝐽𝐴,𝑖,𝑡

−(1 + 𝑖𝑡−1)𝐵𝑖,𝑡−1

−∑

(

 
 

(1 − 𝑡𝑤,𝑠,𝑡)𝑊𝑠,𝑡𝐿𝑖,𝑠,𝑡 − 𝐵𝐸𝑁𝑠,𝑡(1 − 𝑁𝑃𝐴𝑅𝑇𝑖,𝑠,𝑡 − 𝐿𝑖,𝑠,𝑡)

−(1 − 𝑡𝐾)(𝑖𝐾,𝑡−1 − 𝑟𝑝𝐾)𝑃𝐼,𝑡−1𝐾𝑖,𝑡−1 − 𝑡𝐾𝛿𝐾𝑃𝐼,𝑡−1𝐾𝑖,𝑡−1

−(1 − 𝑡𝐾)(𝑖𝐴,𝑡−1 − 𝑟𝑝𝐴)𝑃𝐴,𝑡−1𝐴𝑖,𝑡−1 − 𝑡𝐾𝛿𝐴𝑃𝐴,𝑡−1𝐴𝑖,𝑡−1

−𝑇𝑅𝑖,𝑡 − 𝑃𝑅𝑖,𝑡
𝑌 − 𝑃𝑅𝑖,𝑡

𝑋
)

 
 

𝑠

)

 
 
 
 
 

 

−𝐸0∑𝜆𝑖,𝑡𝜉𝑖,𝑡𝛽
𝑡(𝐾𝑖,𝑡 − 𝐽𝑖,𝑡 − (1 − 𝛿𝐾)𝐾𝑖,𝑡−1)

∞

𝑡=0

 

−𝐸0∑ 𝜆𝑖,𝑡𝜓𝑖,𝑡𝛽
𝑡(𝐴𝑖,𝑡 − 𝐽𝐴,𝑖,𝑡 − (1 − 𝛿𝐴)𝐴𝑖,𝑡−1)

∞
𝑡=0  (A1) 

 
 

where s is the index for the corresponding low- (L), medium- (M) and high-skilled (H) labour 

type respectively (s{L,M,H}). The budget constraints are written in real terms with the 

price for consumption, investment and patents (PC,t, PI,t, PA,t) and wages (WS,t) divided by 

GDP deflator (Pt). All firms of the economy are owned by non-liquidity constrained house-

holds who share the total profit of the final and intermediate sector firms, 𝑃𝑅𝑖,𝑡
𝑌  and 𝑃𝑅𝑖,𝑡

𝑋 . As 

shown by the budget constraints, all households pay consumption taxes (tC,t), wage income 

taxes (tw,s,t) and tK  capital income taxes less tax credits (τK and τA) and depreciation allowanc-

es (τKδK and τAδA) after their earnings on physical capital and patents. When investing into 

tangible and intangible capital the household requires premium rpK and rpA in order to cover 

the increased risk on the return related to these assets. NPARTi,s,t stands for the share of non-

participants (inactives) and 1- NPARTi,s,t- Li,s,t is the number of unemployed per skill group. 

The utility function is additively separable in consumption (Ci,t) and leisure (1-Li,s,t). We as-

sume log-utility for consumption and allow for habit persistence. 

 1,, log)1()(  ttiti habcCChabcCU                                                                                      (A2)
 

We assume CES preferences with common elasticity but a skill specific weight (ωs) on lei-

sure. This is necessary in order to capture differences in employment levels across skill 

groups. Thus preferences for leisure are given by: 

,)1(
1

)1( 1

,,,,





 


 tsi
s

tsi LLV                                                                                                 (A3) 

with κ>0. The investment decisions w.r.t. real capital are subject to convex adjustment costs, 

which are given by:  
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The first order conditions of the household with respect to consumption, financial and real 

assets are given by the following equations:  
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Non-liquidity constrained households buy new patents of designs produced by the R&D sec-

tor (IA,t) and rent their total stock of design (At) at rental rate iA,t to intermediate goods produc-

ers in period t. Households pay income tax at rate tK on the period return of intangibles and 

they receive tax subsidies at rate τA. Hence, the first order conditions with respect to R&D in-

vestments are given by: 
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Therefore, the rental rate can be obtained from (6a), (6b) and (5b):  
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where  
tA

tA

P

P

tA
,

1,

1,1    .

 

 

Equation (A6c) states that households require a rate of return on intangible capital which is 

equal to the nominal interest rate minus the rate of change of the value of intangible assets 

and also covers the cost of economic depreciation plus a risk premium. Governments can af-

fect investment decisions in intangible capital by giving tax incentives in the form of tax cred-

its and depreciation allowances or by lowering the tax on the return from patents. 

A.1.2 Liquidity-constrained households 

Liquidity constrained households do not optimise but simply consume their current income at 

each date. Real consumption of household k is thus determined by the net wage income plus 
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benefits and net transfers:  

(1 + 𝑡𝐶,𝑡)𝑃𝐶,𝑡𝐶𝑘,𝑡 = ∑ ((1 − 𝑡𝑤,𝑠,𝑡)𝑊𝑠,𝑡𝐿𝑘,𝑠,𝑡 + 𝐵𝐸𝑁𝑠,𝑡(1 − 𝑁𝑃𝐴𝑅𝑇𝑘,𝑠,𝑡 − 𝐿𝑘,𝑠,𝑡))𝑠∈{𝐿,𝑀,𝐻} + 𝑇𝑅𝑘,𝑡 .  (A7) 

A.1.3 Wage setting 

Within each skill group a variety of labour services are supplied which are imperfect substi-

tutes to each other. Thus, trade unions can charge a wage mark-up (1/ηs,t) over the reservation 

wage. The reservation wage is given as the marginal utility of leisure divided by the corre-

sponding marginal utility of consumption. The relevant net real wage to which the mark up 

adjusted reservation wage is equated is the gross wage adjusted for labour taxes, consumption 

taxes and unemployment benefits, which act as a subsidy to leisure. Thus, the wage equation 

is given as: 
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,  (A8) 

where b is the benefit replacement rate. 

A.1.4 Aggregation 

The aggregate of any household specific variable Xh,t in per capita terms is given by: 

  tktitht XXdhXX ,,,

1

0

1    .     (A9) 

Hence, aggregate consumption and employment is given by: 

  tktit CCC ,,1      (A10) 

and 

  .1 ,, tktit LLL      (A11) 

A.2 Firms 

A.2.1 Final output producers 

Since each firm produces a variety of the domestic good which is an imperfect substitute for 

the varieties produced by other firms, it acts as a monopolistic competitor facing a demand 

function with a price elasticity given by σd. Final output (Yt) is produced using At varieties of 

intermediate inputs (xm,t) with an elasticity of substitution 1/(1-θ) > 1. The final good sector 

uses labour aggregate (LY,t) and intermediate goods in a Cobb-Douglas technology, subject to 

overhead labour FCL and fixed costs FCY: 

𝑌𝑡 = (𝐿𝑌,𝑡)
𝛼
(∫ (𝑥𝑚,𝑡)

𝜃
𝑑𝑚

𝐴𝑡

0
)

1−𝛼

𝜃
𝐾𝐺𝑡

𝛼𝐺 − 𝐹𝐶𝑌   (A12) 

with 
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𝐿𝑌,𝑡 = (Λ𝐿
1

𝜇(𝜒𝐿𝐿𝐿,𝑡)
𝜇−1

𝜇 + Λ𝑀
1

𝜇 (𝜒𝑀(𝐿𝑀,𝑡 − 𝐹𝐶𝐿,𝑀))

𝜇−1

𝜇
+ Λ𝐻𝑌

1

𝜇(𝜒𝐻𝑌𝐿𝐻𝑌,𝑡)
𝜇−1

𝜇 )

𝜇

𝜇−1

   (A13) 

LL,t, LM,t and LHY,t denote the employment of low, medium and high-skilled in final goods pro-

duction respectively. Parameter Λz is the corresponding share parameter,   HYMLz ,, , χz 

is the efficiency unit, and µ is the elasticity of substitution between different labour types. 

Note that high-skilled workers can work in the final goods and the R&D sector as well, there-

fore the total number of high-skilled (LH,t) should be equal to the number of high-skilled em-

ployed in the final goods (LHY,t) and in the R&D sector respectively (LRD,t):  

tRDtHYtH LLL ,,,  .    (A14) 

We account for the productivity-enhancing effects of infrastructure investment via a produc-

tion function where the public capital stock (KG,t) enters externally.  

In a symmetric equilibrium, the demand for labour and intermediate inputs is given by: 

𝛼
𝑌𝑡+𝐹𝐶𝑌

𝐿𝑌,𝑡
(
𝐿𝑌,𝑡

𝐿𝑧,𝑡
)

1

𝜇
Λ𝑧

1

𝜇(𝜒𝐿)
𝜇−1

𝜇 𝜂 = 𝑊𝑧,𝑡, 𝑧 ∈ {𝐿, 𝐻𝑌}  (A15a) 

𝛼
𝑌𝑡+𝐹𝐶𝑌

𝐿𝑌,𝑡
(

𝐿𝑌,𝑡

𝐿𝑀,𝑡−𝐹𝐶𝐿
)

1

𝜇
Λ𝑀

1

𝜇(𝜒𝑀)
𝜇−1

𝜇 𝜂 = 𝑊𝑀,𝑡     (A15b) 

𝑝𝑥𝑚,𝑡 = 𝜂(1 − 𝛼)(𝑌𝑡 + 𝐹𝐶𝑌) (∫ (𝑥𝑚,𝑡)
𝜃
𝑑𝑚

𝐴𝑡

0
)
−1

(𝑥𝑚,𝑡)
𝜃−1

   (A16) 

where 𝜂 = 1 − 1/𝜎𝑑 and pxm,t is the price of intermediate goods.
4
 

A.2.2 Intermediate goods producers 

The intermediate sector consists of monopolistically competitive firms which have entered the 

market by licensing a design from domestic households and by making an initial payment 

FCA to overcome administrative entry barriers. Capital inputs are also rented from the house-

hold sector for a rental rate of iK,t. Firms which have acquired a design can transform each unit 

of capital into a single unit of an intermediate input. In a symmetric equilibrium, the respec-

tive inverse demand functions of intermediate goods producing firms are given as (A16), 

therefore the first order condition is:  

𝜃𝜂(1 − 𝛼)(𝑌𝑡 + 𝐹𝐶𝑌) (∫ (𝑥𝑚,𝑡)
𝜃
𝑑𝑚

𝐴𝑡

0
)
−1

(𝑥𝑚,𝑡)
𝜃−1

= 𝑖𝐾,𝑡.   (A17) 

Intermediate goods producers set prices with a mark-up over marginal cost. Therefore inter-

mediate goods prices are given by: 

𝑝𝑥𝑚,𝑡 =
𝑖𝐾,𝑡

𝜃
.   (A18) 

A.2.3 R&D sector 

                                                           
4
 Note that η is inversely related to the net mark-ups in the final goods sector (mkpf): η=1/(1+ mkpf). 
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Innovation corresponds to the discovery of a new variety of producer durables that provides 

an alternative way of producing the final good. The R&D sector hires high-skilled labour 

(LRD,t) and generates new designs according to the following knowledge production function:  

  .,1

*

1

 tRDttt LAAA     (A19) 

In this framework we allow for international R&D spillovers following Bottazzi & Peri 

(2007). Parameters ω and φ measure the foreign and domestic spillover effects from the ag-

gregate international and domestic stock of knowledge (A*t and At ) respectively. Negative 

value for these parameters can be interpreted as the "fishing out" effect, i.e. when innovation 

decreases with the level of knowledge, while positive values refer to the "standing on shoul-

ders" effect and imply positive research spillovers. Note that φ=1 would yield the strong scale 

effect feature of endogenous growth models with respect to the domestic level of knowledge. 

Parameter ν can be interpreted as total factor efficiency of R&D production, while λ measures 

the elasticity of R&D production on the number of researchers (LRD,t). The international stock 

of knowledge grows exogenously at rate *A
g . We assume that the R&D sector is operated by a 

research institute which employs high skilled labour at their market wage, WH,t. We also as-

sume that the research institute faces an adjustment cost (γA) of hiring new employees and 

maximises the following discounted profit-stream: 
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,,,,,
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   (A20)

 

where dt is the discount factor. High-skilled are paid the same wages across sectors: 

WH,t=WHY,t. 

A.3 Policy 

On the expenditure side we distinguish between government consumption (Gt), government 

investment (IGt), government transfers (TRt) and unemployment benefits (BENt), where: 

𝐵𝐸𝑁𝑡 = ∑ 𝐵𝐸𝑁𝑠,𝑡(1 − 𝑁𝑃𝐴𝑅𝑇𝑠,𝑡 − 𝐿𝑠,𝑡)𝑠∈{𝐿,𝑀,𝐻} .    (A21) 

The government provides subsidies (SUBt) on physical capital and R&D investments in the 

form of a tax-credit and depreciation allowances: 

  .,,.,,1,1,1,1, tiAtAAtitIKtitAAtitIKKt JPJPAPKPtSUB       (A22) 

Government revenues 𝑅𝑡
𝐺 are made up of taxes on consumption as well as capital and labour 

income. Government debt (𝐵𝑡) evolves according to: 

.)1( 1

G

ttttttttt RSUBBENTRIGGBiB  
       (A23) 

Lump-sum transfers (TRt) control the debt to GDP ratio according to the following rule: 

∆𝑇𝑅𝑡 = 𝜏𝐵 (
𝐵𝑡−1

𝑌𝑡−1
− 𝑏𝑇) + 𝜏𝐷𝐸𝐹∆ (

𝐵𝑡

𝑌𝑡
)   (A24) 

where 𝜏𝐵 captures the sensitivity with respect to deviations from b
T
, the government debt tar-

get and τDEF controls the sensitivity of the tax-rule w.r.t. changes in the debt to output ratio. 
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Monetary policy is modelled via the following Taylor rule, which allows for some smooth-

ness of the interest rate response (it) to the inflation and output gap: 

    .1 ,inf1 tygapTARtCTAREQilagtilagt yrii


      (A25) 

The central bank has a constant inflation target (πTAR) and it adjusts interest rates whenever 

actual consumer price inflation (πC,t) deviates from the target and it also responds to the output 

gap  ty


 via the corresponding γinf and γygap coefficients. There is also some inertia in nominal 

interest rate setting over the equilibrium real interest rate 
EQr  determined by γilag. Output gap 

is defined as deviation of capital and labour utilisation from their long run trends.  

A.4 Trade 

In order to facilitate aggregation we assume that households, the government and the final 

goods sector have identical preferences across goods used for private consumption, invest-

ment and public expenditure. Let Zt ϵ{Ct, It, Gt, IGt} be the demand of households, investors 

or the government as defined in the previous section, then their preferences are given by the 

following utility function: 
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  . (A26) 

where 𝜌 is the share parameter and σim is the elasticity of substitution between domestic (Zd,t) 

and foreign produced goods (Zm,t).  

A.5 Calibration 

We calibrate our model in a two-country setting with EU28 and the rest of the world. We se-

lect behavioural and technological parameters such that the model can replicate important em-

pirical ratios such as labour productivity, investment, consumption to GDP ratios, the wage 

share, the employment rate and the R&D share, given a set of structural indicators describing 

market frictions in goods and labour markets, tax wedges and skill endowments.  

Goods Market: 

We identify the intermediate sector as the investment goods' sector (mostly R&D intensive 

subsectors of manu-facturing) and the final goods sector as the aggregate of all remaining 

market sectors. The investment goods' sector resembles the intermediate sector along various 

dimensions. First, this sector is more R&D and patent intensive, second, a large fraction of 

these manufacturing sectors supply innovative goods (in the form of invest-ment goods but 

also innovative consumer goods). Final goods sectors, including services, on the other hand 

are typically not subject to large (patented) innovations but rely on organisational changes 

possibly in relation to new technologies supplied by the investment goods'sector sector. Also 

the two sectors differ in the degree of competition, with manufacturing showing smaller mark 

ups compared to final goods sectors. Our calibration of mark ups is based on Roeger (1995) 

and Canton and Thum-Thysen (2015). Using the most recent EU KLEMS databank the aver-

age mark-up for manufacturing is 10%, while for final goods/service sector it is around 13% 

in the EU28.  Concerning entry barriers we rely on estimates provided by the Doing Business 

Database.  
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Knowledge production technology: 

Empirical evidence on output elasticities has been provided by Bottazzi and Peri (2007) and 

Pessoa (2005). The growth rate of ideas was obtained from Pessoa (2005) with the assumption 

of a 5% obsolescence rate. In our model the R&D elasticity of research labour (λ) is deter-

mined by the wage cost share in the total R&D spending. We rely on Bottazzi and Peri (2007) 

to calibrate the knowledge elasticity parameters w. r. t. domestic and foreign knowledge capi-

tal. The authors do not estimate directly φ and ω, only the ratio between these coefficients and 

λ. These estimates together with the long-run growth rate of intangible capital and λ pin down 

the corresponding elasticities.  

Labour market and the skill composition of the labour force: 

We rely on Ratto et al. (2009) to calibrate the adjustment parameters of the labour market. La-

bour force is disaggregated into three skill-groups: low-, medium- and high-skilled labour. We 

define high skilled workers as that segment of labour force that can potentially be employed in 

the R&D sector, i.e. engineers and natural scientists. Our definition of low-skilled corresponds 

to the standard classification of ISCED 0-2 education levels and the rest of the labour force is 

considered as medium-skilled. Data on skill-specific population shares, participation rates and 

wages are obtained from the Labour Force Survey, SES, and the Science and Technology da-

tabases of EUROSTAT. The elasticity of substitution between different labour types (µ) is 

one of the major parameters addressed in the labour-economics literature. We rely on Ace-

moglu and Autor (2011) which updated the seminal reference for this elasticity parameter by 

Katz and Murphy (1992). Acemoglu and Autor (2011) argues for estimates in the range of 

1.6-1.8 on the extended data sample, therefore, we take 1.7 as our baseline value. Low-skilled 

wages are obtained from the annual earnings of employees with low educational attainment 

(ISCED 0-2) irrespective of their occupation. High-skilled wages are approximated by the an-

nual earnings of scientists and engineers with tertiary educational attainment employed as pro-

fessionals or associate professionals in physical, mathematical, engineering, life science or 

health occupations (ISCO-08 occupations 21, 22, 31, 32). Earnings data of employees with 

tertiary educational attainment not working as scientists and engineers and employees with 

medium educational attainment (ISCED 3-4) irrespective of their occupation are taken to cal-

culate wages for our medium-skilled in the model.  

Fiscal, monetary and trade variables: 

We use EUROSTAT for the breakdown of government spending into consumption, invest-

ment and transfers and we use effective tax rates on labour, capital and consumption to deter-

mine government revenues. In addition we use estimates of R&D tax credits from OECD 

(2015c). Monetary policy parameters are adopted from Ratto et al. (2009) while the bilateral 

trade data is obtained from the EUROSTAT/COMEXT database. 

Income shares 

The initial income shares correspond to the calibrated values of our income categories in Sec-

tion 3. Net wages are based on labour compensation data adjusted by labour taxes (EURO-

STAT, 2018 data). Unemployment benefits are obtained by multiplying the 2017 value of 

benefit replacement rates (OECD) with the skill-specific wages. Transfers and domestic bond 

income are derived using 2018 national accounts data (EUROSTAT), while final, intermedi-

ate goods and R&D profits are pinned down by the model equations using the underlying 

wage and capital stock data (EUROSTAT). The rental rate of capital and equity premiums are 
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set in line with the low profit rates in the model. 

Table A.1. Calibration of income shares 

Income shares % 

Net wages 62.38 

Benefits 1.14 

Transfers 10.72 

Lump sum tax 0 

Domestic bond inc. 5.92 

Foreign bond inc. 0 

Capital inc. (total) 19.84 

- Rent inc. tang. 15.83 

- Rent inc. intang. 1.73 

- Profits-final goods 1.02 

- Profits-R&D 1.26 

Total 100 

Source: Authors’ calculations 

Note that fixed costs are a standard feature of current macroeconomic models. See, for exam-

ple, Smets and Wouters (2003), the ECBs Area Wide Model (Christoffel et al., 2008) or the 

Commission’s QUEST model (Ratto et al., 2009) for the Euro Area, and Christiano et al. 

(2005) for the US. Fixed costs are needed in order to reconcile relatively high mark up esti-

mates with low profit rates. For a discussion see for example Hall (1988) or Rotemberg and 

Woodford (1999). From the first-order conditions (10) and (11) in the main text, it follows 

that profits in the final goods producing sector can be expressed as a positive function of the 

mark up and they depend negatively on fixed costs and the overhead labour costs. 

𝑃𝑅𝑗𝑡
𝑌 = 𝑚𝑢𝑝𝑗𝑡

𝑌 𝑃𝑗𝑡
𝑌𝑌𝑗𝑡 − (1 −𝑚𝑢𝑝𝑗𝑡

𝑌 )𝑃𝑗𝑡
𝑌𝐹𝐶𝑌 −𝑊𝑡,𝑀𝐹𝐶𝐿,𝑀 ≥ 0   (A27) 

In line with the QUEST model estimate of Ratto et al. (2009), the share of overhead labour 

(𝐹𝐶𝐿,𝑀) is set to 10%. Given the high mark-ups (13%) and the low profit rate, equation (A27) 

implies a fixed cost (𝐹𝐶𝑌) of about 3% of output. 

Appendix B: The wage response to general versus skill-specific labour mar-

ket reforms 

In a standard macro model with a CRS technology and infinitely lived households it is fairly 

well understood that the capital labour ratio is determined by the rate of time of preference 

and the depreciation rate and the capital labour ratio in turn determines the real wage. There-

fore, a labour market reform leads to an increase in employment and a fall in wages in the 

short run but in the long run wages return to their pre reform baseline level while employment 

remains higher permanently. Thus, labour market reforms generate a trade-off between wages 

and employment in the short run but in the long run such a trade-off does not exist. In this ap-

pendix we show that for a skill specific labour market reform the trade-off between (skill spe-

cific) wages and employment exists both in the short and the long run. 

Since we want to emphasize the difference between an aggregate and skill specific labour 

market reform we choose the simmlest possible model, namely Cobb-Douglas production 

function for capital and labour and in a second step we represent labour input by a CES ag-
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gregate of skill specific labour inputs. We further assume zero price mark ups and we only 

consider the case without fixed costs and overhead labour. Before proceeding to the case with 

a CES labour aggregate we first discuss the case with homogenous labour. 

B.1 Aggregate labour market reform 

We consider a long-run equilibrium, where firms operate under perfect competition where 

labour is inelastically supplied and capital is elastically supplied at real interest rate r and 𝛿 is 

the depreciation rate of capital. The price is normalised to one. The technology is given by a 

Cobb Douglas production function: 

𝑌 = 𝑈𝐾1−𝛼𝐿𝛼  (B1) 

From the first order condition for capital and labour:  

𝜕𝑌

𝜕𝐾
= (1 − 𝛼)

𝑌

𝐾
= (1 − 𝛼) (

𝐿

𝐾
)
1−𝛼

𝑈 = 𝑟 + 𝛿   (B2) 

𝜕𝑌

𝜕𝐿
= 𝛼

𝑌

𝐿
= 𝛼 (

𝐾

𝐿
)
𝛼

𝑈 = 𝑊   (B3) 

one can see immediately that capital cost determines the capital labour ratio in the long run. 

From this we can derive the following proposition. 

Proposition 1A: Labour market reform which increases employment increase the capital stock 

until the initial capital labour ratio is re-established. Since the post reform capital labour ratio 

is unchanged, the post reform marginal product of labour is also unchanged which supports an 

unchanged real wage. The wage share in total output remains constant. 

B.2 Aggregate labour market reforms in the case of skill-specific labour 

Now we allow that output is produced with capital and different types of labour. And labour 

input is combined in a CES aggregator 𝐿𝑌: 

𝑌 = 𝑈𝐾1−𝛼𝐿𝑌
𝛼 ,     (B4) 

where: 

𝐿𝑌 = [∑ 𝑠
𝑖

1

𝜎
𝑖 𝐿

𝑖

𝜎−1

𝜎 ]

𝜎

𝜎−1

, with 𝜎 > 1.   (B5) 

And there is a CES wage index W such that: 

𝑊𝐿𝑌 = ∑ 𝑊𝑖𝐿𝑖𝑖    (B6) 

FOCs w. r. t. K and the labour aggregate 𝐿𝑌 :  

𝜕𝑌

𝜕𝐾
= (1 − 𝛼)

𝑌

𝐾
= (1 − 𝛼) (

𝐿𝑌

𝐾
)
1−𝛼

𝑈 = 𝑟 + 𝛿   (B7) 

𝜕𝑌

𝜕𝐿𝑌
= 𝛼

𝑌

𝐿𝑌
= 𝛼 (

𝐾

𝐿𝑌
)
𝛼

𝑈 = 𝑊   (B8) 
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The same logic applies in the disaggregated labour case as long as we consider only variations 

of 𝐿𝑌. 

Proposition 1B: Labour market reform which increases the labour aggregate 𝐿𝑌, raises the 

capital stock until the initial capital output ratio is re-established. Since the post reform K-𝐿𝑌 

ratio is unchanged, the post reform marginal product of 𝐿𝑌 is also unchanged which supports 

an unchanged real wage index W. Also, the total wage share in nominal output remains con-

stant. 

B.3 Skill-specific labour market reform 

Now consider the case where only labour supply of a specific skill group i is increased. 

 
𝜕𝑌

𝜕𝐿𝑌

𝜕𝐿𝐶𝐸𝑆

𝜕𝐿𝑖
= 𝛼

𝑌

𝐿𝑌
𝑠
𝑖

1

𝜎 (
𝐿𝑌

𝐿𝑖
)

1

𝜎
= 𝑊𝑠

𝑖

1

𝜎 (
𝐿𝑌

𝐿𝑖
)

1

𝜎
= 𝑊𝑖   (B9) 

W remains constant as shown above. But the constancy of W (in the long run) generates a 

trade-off between the increase of the 
𝐿𝑖

𝐿𝑌
  ratio and a fall in 𝑊𝑖. This fall in skill specific wages 

is due to a fall in the marginal efficiency of  𝐿𝑖 as measured by a declining marginal produc-

tivity of 𝐿𝑖 (
𝜕2𝐿𝑌

𝜕𝐿𝑖
2 < 0). The efficiency loss is inversely related to the elasticity of substitution 

(𝜎) and goes to zero as the elasticity of substitution goes to zero.  

Rearranging the FOC yields an expression for the wage share of skill group i 

𝑊𝑖𝐿𝑖

𝑊𝐿𝑌
= 𝑠

𝑖

1

𝜎 (
𝐿𝑖

𝐿𝑌
)
1−

1

𝜎
 (B10) 

This shows that an increase in relative employment of skill group i increases the share of 

wages of skill group i in total wages. Since the share of total wages in output remains con-

stant, this implies an increase of the wage share of skill group i in total (nominal) output. This 

can be summarised in the following proposition 

Proposition 2: An increase of employment of skill group i is associated with an increase in 

the wage share of skill group i and a decline in the real wage of skill group i. 
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Appendix C: Detailed results by reform areas 

 

Figure C.1. Increasing low-skilled participation 
Source: Model simulations 
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Figure C.2. Increasing medium-skilled participation 
Source: Model simulations 
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Figure C.3. Shift from low- to medium-skilled population 
Source: Model simulations 
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Figure C.4. Shift from medium- to high-skilled population 
Source: Model simulations 
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