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Abstract 

There are basically two alternative views to explain declining productivity trends 

in the EU. The first view blames insufficient knowledge investment while the 

second view regards over-regulated goods and service markets as a major reason. 

This paper analysis four policy proposals which could be associated with both 

views, namely an increase in R&D subsidies, increased high skilled immigration, 

removal of entry barriers and mark up reductions. Since TFP but not capital 

deepening is the dominant factor explaining declining productivity growth we 

base our quantitative on an endogenous growth extension of the Commission's 

QUEST III model.  
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Introduction 

 

It is a well known fact that per capita GDP growth is on a declining trend in the EU (we 

concentrate on old MS) since decades. Before 1995 one could argue that a decline in 

productivity growth is a natural convergence phenomenon. However, the divergence of 

productivity growth between the EU and the US since the mid 90s and the growth predictions 

made for the coming decade by international organisations such as the OECD, IMF and EU 

Commission, clearly indicates the presence of a European productivity growth problem.  

 

Essentially two explanations for low growth in the EU have been advanced. Authors like 

Nicoletti et al (2003), Griffith et al. (2007) or Bassanini et al (2009) stress over-regulated 

markets, especially in services but also more generally administrative burdens and entry 

barriers across all sectors as detrimental to growth. Another strand of the literature, for 

example, represented by Sapir et al. (2004) or Aghion et al. (2006) see insufficient knowledge 

investment as an obstacle to growth. Obviously these two views do not necessarily contradict 

each other but may be complementary explanations. Regulated market may indeed hamper 

knowledge investment and those economists stressing a lack of knowledge investment in 

Europe could at least partly attribute this to over-regulated markets. 

 

This paper tries to explore the links between these two explanations and makes an attempt to 

assess the quantitative importance of both explanations, by looking how certain policy 

measures are affecting knowledge investment and technical progress. According to a narrow 

interpretation of the knowledge investment view, the rate of innovation could be increased by 

providing incentives to invest in R&D, e. g. in the form of R&D investment tax credit. Also 

the increase of supply of R&D personnel, e. g. by higher spending for tertiary education or by 

allowing for more high skilled immigration, could be pursued by governments without 

touching the existing regulatory framework. Alternatively, following the deregulation view, 

opening up product and service markets to more competition or removing administrative entry 

barriers for start-ups could not only raise economic activity by mobilizing underutilized 

factors of production but also exercise a demand pull effect on knowledge investment. 
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Indeed, it seems that long all these four dimensions, there is some room for manoeuvre, in the 

EU if one looks at indicators of R&D subsidies, the size of entry barriers, the degree of goods 

and especially service market competition and the skill composition of the labour force. 

 

This paper provides a quantitative evaluation of these alternative policy measures which play 

a prominent role in policy discussions. For this we make use of an endogenous growth 

extension of the Commission's QUEST III model (see Ratto et al. (2009)). The framework 

that we adopt is the Jones (1995, 2005) extension of the Romer (1990) endogenous growth 

model. Even though endogenous growth models only provide a very stylised representation 

for the demand and supply of knowledge we nevertheless find them a useful complement to 

standard growth accounting or growth regression exercises since they provide us with a clear 

analytical framework linking specific policy measures to changes in TFP and capital 

deepening which are the major drivers of growth in the medium to long term, which is a 

perspective  we want to adopt in this paper. They also allow us to talk about the channels of 

transmission, provide information about the time it takes for measures to become effective  

allow us to assess potential budgetary costs and finally allow us to talk about distributional 

issues.  

 

This paper is structured as follows. The next section provides evidence about past and future 

GDP per capita trends in the EU and assesses the respective contribution of capital deepening, 

the employment rate and TFP. We also provide evidence about the extent of EUs innovation 

gap (to the US and Japan) using information from the European Innovation Scoreboard.  

Section 2 discusses the model and the calibration. Section 3 provides a quantitative analysis 

of the four policy measures.   
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1. Growth trends and knowledge investment facts 

 

Since around the mid 90s, productivity growth in the US is faster than in the EU. If one looks 

at the two components of productivity growth, TFP and capital intensity one can identify the 

following trends (see Table A1 (Appendix)). The EU TFP trend is falling. While EU15 TFP 

growth at the beginning of the 90s was at around 1.5%, it declined to 1.2% in 2000 and to 

0.7% before the start of the financial crisis. The trend TFP impacts of the financial crisis are 

still difficult to assess, because of large drops in capacity utilisation. Controlling for capacity 

utilisation we still find a trend decline to a historical low of 0.5% for 2008-2010. Over the 

same time period starting in the early 90s  (see Table A2 (Appendix)) US TFP growth has 

slightly accelerated in the 90s from 1.2% at the beginning of the 90s to 1.4 at the beginning of 

2000 and has fallen to 1% until 2006 where it so far remains.  The contribution of capital 

intensity to productivity is more stable in the EU while it shows a rising trend in the US until 

2000, remaining at a high level until 2007 and is declining since then. This evidence clearly 

indicates that the focus in the EU policy agenda should be on measures which foster an 

increase in the rate of technical progress. 

 

These productivity trends also have consequences for growth of income per capita in the EU, 

which stayed above productivity growth until the middle of this decade because of rising 

contributions from labour, due to rising participation rates and declining structural 

unemployment (and a rather stable dependency ratio). However positive employment 

contributions are coming to an end because of already high employment rates and slight 

increases in structural unemployment due to financial market related adjustments in labour 

markets. In addition over the period 2010 to 2020 we will experience adverse effects form 

population aging which contributes negatively to GDP per capita growth projections. Thus, 

there is little reason to believe that declining productivity growth could be compensated by an 

increase in labour inputs.  

 

That there is room for more knowledge investment in the EU can be seen from the following 

table, containing information from the so-called European Innovation Scoreboard (EIS) which 

provides information about innovation performance along various dimensions, covering both 

input and output measures of innovation.  As can be seen from this table, the EU performs 
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better than the US in only two of the 13 indicators and is outperformed by Japan by all 

indicators.  

 

TABLE 1 INDICATOR BASED DIFFERENCES IN INNOVATION 

 EU US JP European ‘Innovation leaders’ 

INNOVATION DRIVERS       

1.1 S&E graduates 12.9 10.6 13.7 IE (24.5) FR (22.5) LT (18.9) 

1.2 Tertiary education 23.0 39.0 40.0 FI (35.1) DK (34.7) NO (33.6) 

1.3 Broadband penetration rate 14.8 18.0 18.9 DK (29.6) NL (29.0) IS (28.1) 

KNOWLEDGE CREATION       

2.1 Public Sector R&D expenditures 0.65 0.69 0.74 IS (1.17) FI (0.99) SE (0.92) 

2.2 Business Sector R&D expenditures 1.17 1.87 2.40 SE (2.92) FI (2.46) CH (2.16) 

2.3 Share of medium-high / high-tech R&D 85.2 89.9 86.7 SE (92.7) DE (92.3) CH (92.0) 

INNOVATION & ENTREPRENEURSHIP       

3.4 Early-stage venture capital 0.022 0.035 -- DK (0.051) UK (0.047) FI (0.044) 

3.5 ICT expenditures 6.4 6.7 7.6 BG (9.9) EE (9.8) LV (9.6) 

APPLICATIONS       

4.2 High-tech exports 16.7 26.1 20.0 MT (54.6) LU (40.6) IE (28.9) 

4.5 Employment in medium-high / high-tech 

manufacturing 
6.63 3.84 7.30 DE (10.75) CZ (10.33) SK (9.72) 

INTELLECTUAL PROPERTY       

5.1 EPO patents 128.0 167.6 219.1 CH (425.6) DE (311.7) FI (305.6) 

5.2 USPTO patents 49.2 273.7 274.4 CH (167.5) FI (133.2) DE (129.8) 

5.3 Triad patents 19.6 33.9 87.0 CH (81.3) DE (53.8) NL (47.4) 

 

 

More specifically, Table 1 shows that there is a large EU-US gap in the area of business 

sector R&D expenditures, 1.17% of EU GDP compared with 1.87% in the US, with this gap 

persisting for some years now. With respect to public sector R&D expenditures, up until 2001 

EU governments were spending more than the US on R&D but these positions were reversed 

in 2002 due to a decline in the public sector's R&D intensity in the EU and an increase in the 

US. However, compared with the gap in business sector R&D, the table shows that the public 

sector R&D gap is quantitatively much less significant. Finally, attention needs to be drawn to 

the large EU-US gap in the share of the population with tertiary level qualifications, with 

almost 40% of US adults having completed some form of 3
rd

 level education compared with 
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just 23% in the EU. This gap might be an indicator of a relative shortage in the supply of 

workers with advanced skills in Europe, although differences in the US and European 

education systems might be leading to an overestimation of the relative US scores with 

respect to this indicator.  

 

The stylised facts presented in this section can be summarised as follows: To a large extent, 

the decline in labour productivity growth in the EU is due to a decline in the rate of technical 

progress and not due to insufficient capital deepening. Lower growth of TFP in the EU seems 

to go along with lower investment in knowledge.  

 

2. Model 

 

The model we use in this paper is an extension of the QUEST III model with endogenous 

growth. The QUEST III model is a global DSGE model employed in the European 

Commission for quantitative policy analysis. This model belongs to the class of micro-

founded DSGE models that are now widely used in economic policy institutions
1
. Equations 

in these models are explicitly derived from intertemporal optimisation under technological, 

institutional and budgetary constraints and the model incorporates nominal, real and financial 

frictions in order to fit the data (Ratto et al., 2009). The model employs the product variety 

framework proposed by Dixit and Stiglitz (1977) and applies the Jones (1995) semi-

endogenous growth framework to explicitly model the underlying development of R&D. A 

more detailed description of this model can be found in Roeger et al. (2008)  

 

For modelling knowledge investment as a decision of the private sector, the characteristics of 

the innovation process must be captured. What distinguishes an innovation - which can be 

traded in the form of a patent - from a standard good is essentially its sunk cost nature, i.e. a 

firm which buys a patent and starts production of a new good must recuperate the initial 

expenditure via innovation rents over the product life-cycle. This defines an arbitrage 

condition between the present discounted value of profits of the patent holder and the initial 

R&D expenditure which effectively determines the flow of new firms entering the market. In 

addition the resource cost associated with the creation of new knowledge undertaken by the 

research sector is modelled via a knowledge production function where research output (in the 

                                                 
1
  See for example the International Monetary Fund's Global Economy Model (Bayoumi et al., 2004) and the 
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form of new patents) in a competitive research sector is generated by current research inputs 

in the form of high skilled labour, plus knowledge capital accumulated in the past. As 

highlighted in the endogenous growth literature there are two distortions in the innovation 

process, namely monopoly rents required to cover the cost of patents and the knowledge 

spillovers embedded in the knowledge capital stock, which will generally lead to a market 

outcome with too little R&D spending. Thus policy measures can be devised to improve upon 

the non-interventionist market solution. 

 

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

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

firms produce differentiated 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). 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 

products from rented capital input using the designs licensed 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 ideas. Technological change is modelled as increasing 

product variety in the tradition of Dixit-Stiglitz (1977) 

 

2.1.   Investors/households 

 

There are three types of assets traded in this economy, namely riskless bonds ( tB ), physical 

capital ( tK ) and intangible assets ( tA ) in the form of patents, which yield rates of return tr , 

K

tr  and 
A

tr  respectively. The following arbitrage conditions hold 

 

  K

t

K

t

K

t rprr    (1) 

 

  A

t

A
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t rpir  1)1(   (2) 

 

                                                                                                                                                         
European Central Bank's New Area-Wide Model  (Coenen et al., 2007). 
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The rental rate of return on physical capital is equal to the riskless rate plus the rate of 

depreciation and a risk premium associated with the possible default of the borrower. The 

rental rate of return on intangible capital is equal to the riskless rate minus an expected capital 

gain of the patent, corrected for R&D tax credits (
A ) and a risk premium 

A

trp  associated 

with technological or economic obsolescence.  

 

Production decisions in the three sectors are determined as follows. 

 

2.2.1.  Final output producers 

There are n (j=1,…,n) monopolistically competitive final goods producers. They produce 

products (
j

tY ) which are imperfect substitutes and charge a mark-up which is inversely 

related to the elasticity of substitution (
YYmup /1 ). In symmetric equilibrium, final output  

is produced using A varieties of intermediate inputs (x) and labour LY 

 


tYttt LKAY ,

1 , where ttt xAK          (3) 

 

where K, the physical capital stock is made up of A varieties of intermediate inputs. Because 

of the love for variety assumption, the level of technology is a positive function of the number 

of patents. Notice, A is external to final goods producers, who only formulate demand for 

labour and intermediate inputs according to the following standard marginal revenue 

conditions 
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2.2.2.  Intermediate goods producers 

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

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

overcome administrative entry barriers. Physical capital inputs are rented at rate 
K

tr . Firms 



 9 

which have acquired a design can transform each unit of capital into a single unit of an 

intermediate input. The demand for intermediate inputs of final goods producers is given by 

(eq. 5). Each intermediate firm solves the following profit-maximisation problem  

 

 .max,,,,
,

FPrkrxpx A

t

A
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K
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x

x
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                   (6)

          

Intermediate goods producers set prices as a mark-up over marginal cost. The mark-up is 

inversely related to the elasticity of substitution of intermediate goods in the production of 

final goods (
XXmup /1 ). Therefore prices for the domestic market are given by: 

 

K

t

Xx

ti

X

t rmuppP )1(,   (7) 

 

Free entry requires that entry into the intermediate goods producing sector takes place until 

the interest payments from taking up a loan to finance the patent and the administrative entry 

fee is equal to profits from current production and the expected capital gain from holding the 

patent 
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or equivalently, the present discounted value of profits is equated to the fixed entry costs plus 

the net value of patents 
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And the solution for profits is given by 

 

A

Y
mupmupYXx

t )1)(1(          (9) 

 

Profits in the intermediate sector are a positive function of profitability in the intermediate 

goods sector (mup
X
). Because of a declining marginal product of intermediates in final goods 

production, the marginal value product declines with new intermediate goods producers (A). 
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Also, market imperfections in the final goods production lower demand for intermediates and 

therefore reduce profits. 

 

2.2.3.  R&D sector 

Innovation corresponds to the discovery of a new variety of producer durables that improves 

production of final goods. The R&D sector hires high-skilled labour (LA) and generates new 

designs according to the following knowledge production function:  

 

.,11

 tAttt LAAA 



  (10) 

 

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

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

aggregate international and domestic stock of knowledge (A
*
 and A) 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 

shoulders" effect and imply positive research spillovers.  Parameter ν can be interpreted as 

total factor efficiency of R&D production, while λ measures the elasticity of R&D production 

with respect to the number of researchers (LA). We assume that the R&D sector is perfectly 

competitive and sets prices for new designs proportional to unit labour costs  
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The constant is inversely related to the output elasticity of labour in the research sector. 

 

 

2.3.  Factors determining labour productivity in the long run 

 

This section explores the factors which determine the long run or steady state level of labour 

productivity in this model
2
. To simplify the analysis we  assume that the economy operates at 

its structural employment rate LL  . Using eq.3  aggregate labour productivity is given by 
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 (12) 

 

It is a positive function of the share of workers in final goods production, aggregate physical 

capital intensity and the level of knowledge investment as measured by the number of patents  

used in this economy.  As will be shown in this section we can solve for the steady state level 

of productivity recursively by first determining the allocation of labour between the research 

and the production sector and thereby determine the knowledge capital stock. In a second step 

we can determine the stock of physical capital.  

 

Knowledge capital (A): 

The research sector competes with the production sector over resources, in particular labour. 

The allocation of labour between the two sectors can be determined in two steps. First, 

equilibrium in the market for patents determines a downward sloping demand curve for 

workers in the research sector ( AL ). Second, there exists a downward sloping demand curve 

for labour in final goods production ( YL ). Given the resource constraint for total employment, 

these two demand curves determine both the allocation of labour across the two sectors as 

well as the real wage.  

 

The market for patents 

 

The supply price of patents is determined by the knowledge production technology (eq. 10) 

and is a positive function of wages, the number of workers in the research sector and the 

parameters of the research technology. 

The demand price of patents is determined by the marginal entrant in intermediate goods 

production and is given by eq (9), In the steady state we have 
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 (13) 

 

                                                                                                                                                         
2
  Variables without time subscript denote steady state values. 
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The demand for patents rises with increased profitability (
Xmup ) in intermediate goods 

production, an increase in demand from the final goods sector, which itself depends positively 

on the level of output  (Y) and negatively on the final goods mark-up (
Ymup ) as well as 

financial (rp
A
),  and administrative entry costs, which are here expressed as a share of final 

output (f = F/Y ). Finally R&D tax credits (τ
A
) increase the demand for patents. Equilibrium in 

the market for patents thus determines a downward sloping demand curve for workers in the 

research sector. The demand wage for labour from the research sector is given by the 

following relationship from equations (11) and (13),  

 

 frprYmupmup
rprL

g
W AXY

AA

A

A

AA ))(1()1()1(
1













 


 (14) 

 

where the stock of international knowledge A grows at rate gA. 

The demand wage for labour in final goods production is given by the marginal revenue 

condition for labour in final goods production (eq. (4)). Eq. (4) and (14)  (given the supply of 

high skilled labour) determine the allocation of  labour across the two sectors by equating 

wages across the two sectors.  In the steady state the ratio between employment in research 

and production is given by 
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 (32) 

 

Figure 1 shows how the long run equilibrium allocation of labour is determined a the 

intersection of the marginal revenue condition for labour in final goods and research (MRLY 

(eq. 4) and MRLA eq (14)). Increasing mark-ups in intermediate goods production, lowering 

entry barriers and increasing R&D subsidies lead to an upward shift in the MRLA curve along 

an unchanged MRLY locus and thereby increase LA and w, while an increase in mup
Y
 leads to a 

downward shift of the MRLY  and the MRLA curve and therefore does not affect the allocation 

of labour but only the wage. Once LA is determined, the research production function (10) 

determines the supply of patents 
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FIGURE 1  DEMAND WAGE FOR HIGH-SKILLED LABOUR IN THE FINAL AND RESEARCH 

GOODS PRODUCTION 

 

Physical capital (K): 

The demand for intermediates (eq 5) together with the price for intermediates (eq 7) 

determines physical capital in the log run equilibrium  
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  (30) 

 

High mark-ups in the final goods sector reduce the demand for physical capital. Similarly, 

high mark-ups in the intermediate goods sector, as well as high rental rates for physical 

capital reduce physical capital in the steady state by increasing the price of intermediates. 

Given standard properties of the production function, an increase in LY and A increase the 

marginal product of capital and therefore increase K.  
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3.  Calibration 

 

3.1. Goods Market 

 

We identify the intermediate sector as the manufacturing sector, since this sector conducts the 

bulk of R&D expenditure. For calculating mark-ups we use a method suggested by Roeger 

(1995). We estimate aggregate mark-ups for the EU of 24% while mark-ups in manufacturing 

are lower (11%). In contrast, we find lower aggregate mark-ups in the US  (21%) while mark-

ups in US manufacturing are slightly larger (12%). Similar results but with even stronger 

differences in manufacturing industries have been obtained by Christopoulou and Vermeulen 

(2007). The results on cross country differences in the level of mark-ups are interesting since 

they suggest a positive link between the level of mark-ups and R&D investment as suggested 

by our model. This is shown even clearer in earlier work by Oliveira Martins et al. (1996) 

using a more detailed sector breackdown.  

 

It is a stylised fact that product markets are more regulated in the EU compared to the US. 

Recent evidence can be found in Hoj et al (2007). To our knowledge estimates on entry 

barriers for specific sectors do not exist. Therefore we rely on the aggregate estimates 

provided by Djankov et al. (2002). These estimates are particularly useful since they provide 

directly quantifiable evidence on costs of procedures and time that a start-up must bear before 

the firm can operate legally. This information can be directly used for the calibration of the 

entry cost parameter in the model. The average entry cost per firm is estimated to be around 

66 percent of GDP per capita in the whole sample. Their calculations show that the European 

countries impose 2 to 60 times higher entry costs than the US. Based on the Djankov et al. 

(2002) methodology Kox (2005) re-estimated the start-up costs for the EU. He estimates the 

EU average entry cost of setting up a standard firm at 38 percent of per capita GDP and only 

to 1.6 percent for the US.  

 

3.2.  Financial markets 

  

It is a well known fact that the US has a more developed market for risk capital. In fact 

venture capital financing of innovative start-ups was invented in the US (see Bottazzi et al. 

2002). Even though venture capital financing has also become popular in the EU it still only 
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amounts to 0.12% of GDP compared to 0.19% in the US
3
. There are various studies indicating 

that access to finance for innovating firms is easier in the US. A recent study by Aghion et al. 

(2007) even concludes that financial constraints related to entry could be as important as 

labour market rigidities in terms of obstacles to growth. Unfortunately, the available 

indicators on financial market developments cannot easily be translated into quantitative 

measures of differences in financing costs for start-ups.  Calibrating the entry condition (eq.8) 

on EU and US data does indeed reveal higher financing costs in the EU. The calibrated risk 

premium for the EU is 2.6 % compared to 1.6 % for the US. (see Roeger et al. (2009) for 

more details) 

  

3.3. R&D sector 

 

Empirical evidence on output elasticities of R&D production has been provided by Bottazzi 

and Peri (2007). Their estimates suggest a higher output elasticity of domestic research efforts 

in the US compared to the EU and a higher spillover of US innovations to the EU (see table 

2). Concerning the subsidies to R&D investments, empirical evidence is provided by Warda 

(1996, 2006) in the form of the so-called B-index. According to recent estimates the rate of 

R&D subsidies is slightly higher in the US compared to the EU, with a value for the B-index 

equal to 0.98 for the EU and 0.93 for the US.    

 

3.4. Labour market 

 

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

labour
4
. Data on skill-specific population shares, participation rates and wage-premia are 

obtained from OECD (2006a), the Labour Force Survey and Science and Technology 

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

one of the major issues addressed in the labour-economics literature. We follow Caselli and 

Coleman (2006) which analysed the cross-country differences of the aggregate production 

function when skilled and unskilled labour are imperfect substitutes and who argue in favour 

                                                 
3
  These figures are calculated as an average over the period 2004-2006 (source: T. Meyer (2008). Notice 

however, some countries in the EU, notably those with a high tech specialisation such as the UK, Sweden and 

Denmark have a share of venture capital investment that exceeds that of the US. However, high tech states in 

the US such as California have VC investment shares far larger than EU regions. 
4
  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. 
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of using the Katz and Murphy (1992) estimate of 1.4. The results reported in Table 2 reveal 

that the US skill distribution is more tilted towards medium and high skilled workers.   

 

TABLE  2 EU -  US PARAMETER COMPARISON 

 EU US Source 

R&D sector    

R&D employment share  0.006 0.011 EUROSTAT/OECD 

R&D intensity (%) 1.840 2.670 EUROSTAT/OECD 

Output elast. R&D workers ( ) 0.393 0.441 calibration (constrained by equations) 

Int. R&D spillover  ( ) 0.704 0.668 Bottazzi-Peri (2007)/Coe-Helpman (1995) 

Dom. R&D spillover  ( ) 0.279 0.312 Bottazzi-Peri (2007)/Coe-Helpman (1995) 

R&D efficiency ( ) 0.078 0.090 calibration (constrained by equations) 

Intermediate sector    

Mark-up ( Xmup ) 0.11 0.12 own estimates 

fixed entry costs (f) 0.38 0.02 Djankov et. al. (2002) 

Final goods sector    

Mark-up ( Ymup ) 0.242 0.205 own estimates 

Skill distribution    

Low skilled share (sL) 0.310 0.121 EUROSTAT/OECD 

Medium skilled share (sM) 0.628 0.803 EUROSTAT/OECD 

High skilled share (sH) 0.063 0.076 EUROSTAT/OECD 

EoS between skills σ 1.4 1.4 Katz and Murphy (1992) 

Financial market    

Risk premium (intangibles) 2.6 1.6 Calibration (constrained by equations) 

Taxes and subsidies R&D    

B-Index  0.98 0.93 OECD/Warda (2006)  
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4. Policies to increase productivity growth  

 

In this section we apply the model for an analysis of various policy measures which have the 

potential to increase knowledge investment. We first analyse the effects of supply measures 

and then discuss demand measures.  

 

Measure I: Raising R&D through tax credits  

 

The fiscal measure which we analyse first is a permanent increase in the EU's rate of tax 

credit (A
) of 5 percentage points which would approximately increase the rate of R&D tax 

subsidies to US levels (see Table 4). To the extent in which they are not self financing, R&D 

subsidies are financed by lump-sum taxes. Table 5 presents the effects on production, R&D 

intensity, TFP, R&D, employment, and other variables.
5
  

 

TABLE  3  EFFECTS OF A 5 PERCENTAGE POINT R&D TAX-CREDIT 

Percentage difference from baseline 

EU 
Years 

1 2 3 4 5 10 20 50 100 

GDP -0.01 -0.04 -0.05 -0.06 -0.05 0.00 0.08 0.23 0.31 

TFP 0.00 -0.02 -0.02 -0.01 0.00 0.05 0.13 0.24 0.27 

"Ideas/Patents" 0.06 0.22 0.44 0.67 0.90 1.97 3.50 5.46 6.04 

Capital 0.00 0.00 -0.01 -0.01 -0.02 -0.04 -0.03 0.09 0.21 

Capital intensity 0.01 0.02 0.05 0.07 0.10 0.22 0.38 0.59 0.66 

Employment 0.03 0.04 0.03 0.03 0.03 0.02 0.01 0.00 0.00 

-(Low skilled workers) (0.02) (0.04) (0.05) (0.06) (0.07) (0.08) (0.07) (0.05) (0.04) 

-(Medium skilled workers) (0.01) (0.01) (0.01) (0.01) (0.01) (0.00) (-0.01) (-0.01) (-0.02) 

-(High skilled workers) (-0.37) (-0.89) (-1.21) (-1.37) (-1.43) (-1.38) (-1.20) (-0.98) (-0.92) 

-(R&D workers) (2.59) (4.85) (5.78) (6.14) (6.26) (5.95) (5.17) (4.20) (3.91) 

Investment -0.01 -0.03 -0.04 -0.05 -0.05 -0.05 -0.01 0.12 0.21 

Wages 0.04 0.09 0.10 0.11 0.11 0.14 0.21 0.33 0.40 

-(Low skilled workers) (-0.02) (-0.03) (-0.04) (-0.05) (-0.05) (-0.01) (0.07) (0.22) (0.29) 

-(Medium skilled workers) (-0.01) (-0.01) (-0.01) (-0.01) (0.00) (0.04) (0.12) (0.26) (0.33) 

-(High skilled workers) (0.37) (0.81) (1.00) (1.07) (1.08) (1.04) (0.98) (0.96) (0.98) 

         

R&D intensity (% of GDP) 0.10 0.12 0.13 0.14 0.14 0.13 0.11 0.09 0.08 

 

                                                 
5
  Note that in the tables TFP refers to a constructed measure of technological progress defined as 

  1/ KLY Y  
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Higher tax credits lower the rental rate for intangibles, thus reducing the fixed costs of firms 

producing intermediates. This raises entry and increases the demand for blueprints. The 

output of the research sector increases, and reallocates high skilled workers from production 

into research. The size of the effect is however rather limited. The results show a 0.08 percent 

increase in GDP relative to the baseline 20 years after the initial shock and a 0.3 percent 

increase in the long run. The number of employees in the R&D sector increases by around 4 

percent and R&D intensity rises by 0.08 percentage points in the long-run.  

 

It takes time for the output effects to emerge because in the short run there are output losses 

due to the reallocation of high skilled workers from production to research. Because of supply 

constraints for high skilled workers, part of the fiscal stimulus is crowded out by wage 

increases for high skilled workers, (see Goolsbee (1998) for empirical evidence). These 

results suggest that differences in fiscal incentives explain less than 5% of the productivity 

differential and less than 10% of the knowledge investment gap (as measured by the R&D 

share) between the EU and the US. 

 

How can these results be reconciled with estimated return measures for R&D? As shown in 

McMorrow et al. (2009), our knowledge production coefficients suggest a rate of return of 

30%, which is consistent with the bulk of rate of return estimates (see Grilliches (1988) or 

BLS). It is interesting to compare the model prediction with a back of the envelope 

calculation of the implied impact of the subsidy on the R&D share on long run TFP levels. 

The R&D subsidy yields a permanent increase in the R&D share of approximately .1% of 

GDP. Simply applying the econometric rate of return estimate to this increased share would 

suggest an increase in the annual growth rate of TFP of 0.03%. Thus the level of TFP would 

be about 3% after 100 years. This contrasts strongly with the model, which only generates a 

TFP increase of about about .3% after 100 years. Two factors explain this effect. First, there is 

a crowding out effect in the form of higher wages in the R&D sector which absorbs about 

25% of the additional R&D spending and second there is the declining marginal efficiency of 

R&D labour input in the knowledge production function. These features, crowding out and 

declining marginal productivity also make this policy relatively unattractive from a fiscal 

policy perspective. As shown by d’Audria (2010), the R&D tax credit has the worst self 

financing property among all the distortionary tax measures analysed, the rate of self 

financing is only ???% in the long run. Moreover, because of long gestation lags, the self 

financing rate is even negative in the short and medium run. 
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Measure II: Improving human capital  

 

The share of high skilled labour in the EU is 1.4 percentage points lower compared to the US 

(6.2% vs. 7.6%). Table 7 shows the effects of gradually increasing the EU's high-skilled 

labour share by 1 percentage point over 40 years. The simulation assumes that this increase 

comes about via high skilled immigration. The large fraction of the additional high skilled 

labour will be employed in the production of final goods (replacing the less efficient medium 

skilled workers).  However, after five years there is an increase in employment in the R&D 

sector because of a decline in the wages of high skilled workers. This reduces the price of 

patents and stimulates entry in the intermediate goods sector. In the first five years the 

anticipated decline in the price of patents exceeds the reduction in high skilled wages and, 

hence R&D production and R&D employment slightly decline. Output is gradually built up, 

with a positive impact of 0.26 per cent after 20 years and around 1.40 per cent in the long run. 

Notice that the employment share of R&D workers increases over time but the nominal R&D 

share does not because the increasing supply of R&D and other high-skilled workers results in 

a slight reduction in their wages.  

 

TABLE  4  EFFECTS OF A 1 PERCENTAGE POINT INCREASE IN THE SHARE OF HIGH 

SKILLED WORKERS 

Percentage difference from baseline 

EU 
Years after the shock 

1 2 3 4 5 10 20 50 100 

GDP 0.01 0.03 0.04 0.05 0.06 0.11 0.26 0.93 1.40 

TFP 0.01 0.02 0.03 0.04 0.05 0.11 0.27 0.85 1.08 

"Ideas/Patents" -0.01 -0.04 -0.07 -0.08 -0.09 0.14 1.57 10.10 14.76 

Capital 0.00 0.00 0.00 -0.01 -0.01 -0.02 -0.01 0.31 0.89 

Capital intensity 0.00 0.00 -0.01 -0.01 -0.01 0.02 0.17 1.08 1.55 

Employment 0.00 0.00 0.00 0.01 0.01 0.03 0.07 0.12 0.10 

-(Low skilled workers) (0.00) (0.00) (0.00) (-0.01) (-0.01) (-0.01) (-0.02) (-0.07) (-0.08) 

-(Medium skilled workers) (-0.02) (-0.06) (-0.10) (-0.14) (-0.18) (-0.37) (-0.75) (-1.54) (-1.55) 

-(High skilled workers) (0.34) (0.86) (1.34) (1.76) (2.16) (4.07) (7.95) (16.10) (16.61) 

-(R&D workers) (-0.51) (-0.78) (-0.64) (-0.34) (0.03) (2.05) (5.74) (12.08) (9.81) 

Investment -0.01 -0.01 -0.02 -0.02 -0.02 -0.03 0.00 0.41 0.93 

Real wages -0.01 -0.01 -0.01 -0.01 0.00 0.04 0.15 0.72 1.12 

-(Low skilled workers) (0.00) (0.01) (0.02) (0.02) (0.03) (0.06) (0.17) (0.77) (1.21) 

-(Medium skilled workers) (0.02) (0.06) (0.09) (0.12) (0.15) (0.32) (0.70) (1.84) (2.29) 

-(High skilled workers) (-0.26) (-0.66) (-0.98) (-1.26) (-1.52) (-2.77) (-5.18) (-9.46) (-9.37) 

         

R&D intensity (% of GDP) -0.03 -0.03 -0.03 -0.03 -0.03 -0.02 0.00 0.01 -0.03 
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Measure III: Reducing entry barriers for start-ups   

 

Transforming new ideas into marketable products and services is probably one of the most 

central mechanisms generating growth in modern industrial economies. Consequently 

administrative entry barriers and financial frictions can be important obstacles to growth and 

innovation. When it comes to innovation, there are numerous examples which indicate that a 

larger share of innovations are undertaken by young firms in the US compared to the EU. 

Venture capital has become a popular form of financing young firms in high-tech sectors.  

With underdeveloped venture capital markets, investors lack opportunities to diversify risk 

and therefore they require a larger risk premium
6
.  Philippon and Véron (2008) suggest a 

number of measures to increase the supply of venture capital financing. Amongst others, they 

argue for more competition in the banking sector, changes in insolvency legislation and the 

removal of prudential regulations, which hamper equity investment by institutional investors 

such as pension funds and insurance companies. 

 

Also, administrative costs for starting a new company are much larger in the EU compared to 

the US (see Table 4). However one has to be careful when making direct comparisons. One 

important argument for a downward bias in the US level of entry regulation is the high 

standard of consumer protection legislation in the US. In the case of non-compliance, firms 

operating in the US face costly litigation procedures and high fines. Entry regulation in 

Europe can be seen as forcing firms to comply with certain health and safety standards. But 

given the wide variation in start-up costs in the EU, it seems feasible to lower administrative 

entry costs towards levels prevailing in best practice countries.  

 

As both financial and administrative entry barriers are sunk costs for start-up companies in 

our model and have similar transmission mechanisms, we look at both barriers together. We 

conduct the following experiment: we simultaneously reduce financial and administrative 

entry barriers, closing about half the gap relative to the US by a reduction of risk premia for 

start ups of 50 basis points and a reduction in administrative costs for new entrants of 18% of 

GDP per capita.  

 

                                                 
6
 Alternatively the risk premium can also be interpreted as the shadow price of the collateral constraint for the 

firm investing in intangible capital. 
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TABLE  5  EFFECTS OF HALVING THE EU-US GAP IN ENTRY BARRIERS  

Percentage difference from baseline 

EU 
Years 

1 2 3 4 5 10 20 50 100 

GDP -0.01 -0.10 -0.16 -0.16 -0.11 -0.01 0.18 0.54 0.71 

TFP 0.00 -0.02 -0.02 -0.01 0.00 0.10 0.33 0.59 0.62 

"Ideas/Patents" 0.11 0.53 1.04 1.57 2.10 4.63 8.25 12.94 14.44 

Capital 0.00 0.00 -0.01 -0.01 -0.02 -0.08 -0.08 0.20 0.46 

Capital intensity 0.01 0.08 0.10 0.18 0.25 0.52 0.89 1.41 1.58 

Employment 0.08 0.08 0.08 0.08 0.08 0.02 0.00 -0.01 -0.01 

-(Low skilled workers) (0.01) (0.02) (0.03) (0.03) (0.04) (0.03) (-0.04) (-0.06) (-0.06) 

-(Medium skilled workers) (0.01) (0.01) (0.02) (0.07) (0.07) (0.01) (0.00) (-0.01) (-0.01) 

-(High skilled workers) (-0.88) (-2.09) (-2.82) (-3.23) (-3.34) (-3.24) (-2.82) (-2.36) (-2.20) 

-(R&D workers) (6.05) (11.37) (13.55) (14.38) (14.70) (14.01) (12.28) (10.08) (9.4)0 

Investment -0.01 -0.02 -0.09 -0.09 -0.10 -0.10 -0.01 0.26 0.52 

Wages 0.09 0.19 0.25 0.26 0.27 0.35 0.52 0.80 0.96 

-(Low skilled workers) -0.01 -0.02 -0.03 -0.03 -0.02 0.08 0.30 0.60 0.78 

-(Medium skilled workers) -0.01 -0.01 -0.02 -0.01 -0.01 0.09 0.26 0.61 0.79 

-(High skilled workers) 0.87 1.86 2.31 2.47 2.48 2.40 2.30 2.29 2.36 

         

R&D intensity (% of GDP)) 0.24 0.27 0.33 0.34 0.34 0.28 0.26 0.20 0.19 

 

Reducing entry barriers stimulates the entry of new firms and increases the demand for 

patents. This raises the price of patents and reallocates high skilled workers from production 

to research. Initially this reallocation reduces final goods production and physical capital 

formation. However, over time the positive output effects dominate by increasing the level of 

TFP. This also increases the marginal product of physical capital and stimulates investment in 

the long run. Reducing start up costs relative to the US by about 50% could reduce the 

productivity gap by roughly 10% in the long run. It would also stimulate the economy’s R&D 

intensity by more than the direct R&D subsidy discussed in the previous section.  

 

Measure IV:  Reducing mark-ups in services/final goods sector 

 

Empirical mark-up estimates, as cited in section 3, suggest that there is still room for 

increasing competition in the EU. Though there is little difference in manufacturing, there is 

scope for increased competition in services. One of the reasons for high mark-ups in services 

could be the lack of an internal market for services due to legal and administrative barriers for 

cross-border activities. The EU service directive aims at increasing cross–border services and 
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thereby increasing competition in this market. Good experiences in this respect have been 

made with the 1992 Single Market Program (see for example Allen et al. (1998) and Botasso 

et al. (2001)) which aimed mostly at intensifying trade in manufacturing. In this section we 

present results of a one percentage point reduction of the price mark-up in the final goods 

sector
7
. This increases GDP by about one per cent in the long run (see Table 4). These effects 

are similar to those reported by Bayoumi et al. (2004). A reduction in the mark-up increases 

the demand for labour and intermediate inputs unambiguously.  

 

TABLE  6 EFFECTS OF A 1 %P REDUCTION OF THE FINAL GOODS MARKET MARK-UP 

Percentage difference from baseline 

EU 
Years after the shock 

1 2 3 4 5 10 20 50 100 

GDP 0.13 0.32 0.36 0.36 0.37 0.46 0.63 0.85 0.91 

TFP 0.07 0.19 0.20 0.20 0.19 0.18 0.16 0.15 0.15 

"Ideas/Patents" 0.01 0.05 0.08 0.11 0.13 0.20 0.29 0.39 0.43 

Capital 0.02 0.09 0.17 0.26 0.35 0.69 1.16 1.72 1.88 

Capital intensity 0.00 0.01 0.01 0.01 0.01 0.02 0.03 0.04 0.05 

Employment 0.08 0.18 0.16 0.11 0.08 0.04 0.06 0.07 0.07 

-low 0.06 0.13 0.09 0.01 -0.06 -0.18 -0.17 -0.14 -0.13 

-medium 0.08 0.19 0.19 0.15 0.13 0.12 0.14 0.14 0.14 

-high -0.01 0.01 -0.04 -0.07 -0.07 -0.01 0.01 0.02 0.02 

-R&D 0.63 0.95 0.85 0.69 0.58 0.40 0.33 0.30 0.28 

Consumption -0.09 -0.04 0.01 0.04 0.05 0.11 0.17 0.25 0.28 

Investment 0.29 0.59 0.73 0.81 0.87 1.08 1.39 1.77 1.89 

Wages 0.53 1.05 1.31 1.43 1.50 1.62 1.78 1.97 2.03 

-low 0.52 1.03 1.32 1.50 1.60 1.78 1.93 2.11 2.17 

-medium 0.52 1.01 1.27 1.39 1.44 1.55 1.71 1.91 1.97 

-high 0.63 1.24 1.49 1.56 1.58 1.65 1.80 2.00 2.05 

          

R&D intensity (% of GDP) 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 

 

An interesting question is whether increased competition in services, i.e. in a sector which 

does by itself not invest in R&D, does stimulate knowledge investment in downstream 

sectors. There is a small increase in R&D employment, because the production sector 

substitutes medium-skilled workers for high-skilled and there is a small increase in labour 

supply because of higher wages. Nevertheless, reducing mark-ups in final good production 

generates output effects mainly from an increase in physical capital.  TFP only grows 

                                                 
7
  Notice, this corresponds to closing the mark-up gap to the US by about 25%. 
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temporarily, because with an increase in physical capital and knowledge capital high skilled 

wages in final production rise sufficiently as to prevent a strong reallocation of labor into 

research.   

 

4. Conclusions and policy implications 

 

This paper has provided a quantitative assessment of some policy measures which have the 

potential to increase productivity growth. We find that all four measures go in the right 

direction and reallocate resources towards knowledge investment. However, there are 

differences concerning the speed in which the output and productivity effect occurs, as well as 

concerning budgetary costs and distributional consequences. 

 

 R&D tax credits help in reallocating resources from final goods production to knowledge 

production, however it takes time until increased research would yield noticable gains in 

terms of increased output of final goods. Given crowding out effects and long gestation lags 

short and medium term budgetary costs make this policy a relatively unattractive option for 

governments. Also, this policy would be associated with an increase in relative wages of high 

skilled workers. In order to compensate for this a more progressive income tax system would 

have to be introduced which would partly offset the gains. 

 

Successfully attracting and integrating high skilled immigrants into the European production 

and research process could be cost effective from a budgetary point of view. It would have 

opposite distributional effects and lower wages of high skilled workers. The negative effect 

on (domestic) high skilled labour supply would partly offset the positive labour supply effect.  

Low and medium skilled workers would benefit from positive productivity spillovers.  In 

order to make this policy more acceptable for incumbent high skilled workers and not reduce 

incentives for tertiary education, such a policy needs to be accompanied by a less progressive 

income tax system. Given the benefits experienced by low and medium skilled workers, 

redistributing taxes away from high skilled workers seems a fair policy option. Alternatively, 

both measures could be combined such as to limit the distributional effects of these policies. 

 

Removing entry barriers for high tech startups acts like a tax credit, however, without 

additional fiscal costs. By increasing the demand for patents, the measure relocates high 
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skilled workers from production into research activities. This measure yields positive long run  

GDP and income effects for all skill groups, however, high skilled workers gain more.  

 

The primary goal of  increasing competition in the final goods sector is not the promotion of 

knowledge investment but  a more general improvement of supply conditions in the final 

goods production sector itself. An increase in the demand for knowledge is rather a by-

product of this policy measure. Improved supply conditions prevent a substantial reallocation 

of resources towards knowledge production. Since the policy affects demand across all skill 

groups equally there are no serious distributional effects across skill groups. 

 

The following lessons can be drawn from this analysis: 

1) Policies which aim at a sustained increase of productivity growth and knowledge 

investment will only show visible results in the medium run. This can make measures 

discussed in this paper unattractive for policy. 

2) Even substantive fiscal and other measures will only yield relatively small effects in 

terms of TFP growth gains. All the measures considered in this paper could only close 

the TFP growth gap to the US by about 20%  and increase R&D spending by about 

0.5% points. 

3) Most measures with the aim of increasing knowledge investment will increase the skill 

premium. 
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ANNEX: GROWTH TABLES 

FIGURE A1  EURO20 PROJECTIONS 
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EU15 Labour Input (Hours) per capita (Potential)

Version: 2000 PPS

Total (in PPS 

per Hour 

Worked)

TFP

Capital 

Intensity (in 

PPS per 

Hour 

Worked)

Total (Avg 

Annual 

Hours per 

capita)

Avg Annual 

Hours per 

employee

Employment 

rate

Pop.Working Age 

as a % of 

Tot.Population

1991
1992 2,3 0,4 1,9
1993 1,9 0,4 1,5 1,5 2,2 1,5 0,7 -0,7 -0,5 -0,2 -0,1
1994 2,0 0,3 1,7 1,7 2,1 1,4 0,7 -0,4 -0,4 0,0 0,0
1995 2,0 0,3 1,8 1,8 2,0 1,3 0,7 -0,2 -0,4 0,2 0,0
1996 2,1 0,3 1,9 1,9 1,8 1,3 0,6 0,0 -0,3 0,4 0,0
1997 2,2 0,3 2,0 2,0 1,8 1,2 0,5 0,2 -0,4 0,6 0,0
1998 2,4 0,2 2,2 2,2 1,7 1,2 0,6 0,4 -0,4 0,8 0,0
1999 2,5 0,3 2,2 2,2 1,8 1,2 0,6 0,4 -0,5 0,9 -0,1
2000 2,5 0,4 2,1 2,1 1,8 1,2 0,6 0,4 -0,5 1,0 -0,1
2001 2,4 0,5 1,9 1,9 1,7 1,1 0,6 0,3 -0,6 0,9 -0,1
2002 2,2 0,5 1,6 1,6 1,5 1,0 0,5 0,1 -0,5 0,7 -0,1
2003 2,0 0,6 1,5 1,5 1,3 0,9 0,5 0,1 -0,5 0,6 -0,1
2004 2,0 0,6 1,3 1,3 1,3 0,8 0,5 0,1 -0,4 0,5 -0,1
2005 1,9 0,6 1,2 1,2 1,2 0,7 0,5 0,0 -0,3 0,4 -0,1
2006 1,9 0,5 1,3 1,3 1,3 0,7 0,6 0,0 -0,3 0,4 -0,1
2007 1,8 0,6 1,2 1,2 1,3 0,6 0,7 -0,1 -0,3 0,3 -0,1
2008 1,5 0,6 0,9 0,9 1,3 0,6 0,7 -0,4 -0,3 0,1 -0,2
2009 0,9 0,4 0,4 0,4 1,0 0,5 0,5 -0,5 -0,3 -0,2 -0,1
2010 0,9 0,3 0,5 0,5 1,0 0,5 0,5 -0,5 -0,2 -0,1 -0,1
2011 1,0 0,3 0,7 0,7 1,1 0,6 0,5 -0,3 -0,2 -0,1 -0,1
2012 1,0 0,3 0,8 0,8 1,2 0,6 0,6 -0,4 -0,1 -0,1 -0,2
2013 1,0 0,2 0,8 0,8 1,3 0,7 0,6 -0,5 -0,1 0,0 -0,4
2014 1,2 0,2 0,9 0,9 1,3 0,7 0,6 -0,4 0,0 0,1 -0,4
2015 1,2 0,2 1,0 1,0 1,4 0,7 0,6 -0,3 0,0 0,1 -0,4
2016 1,4 0,2 1,2 1,2 1,2 0,7 0,5 0,0 0,0 0,4 -0,4
2017 1,4 0,2 1,2 1,2 1,3 0,7 0,6 -0,1 0,0 0,3 -0,4
2018 1,4 0,2 1,2 1,2 1,3 0,7 0,6 -0,1 0,0 0,2 -0,3
2019 1,4 0,1 1,2 1,2 1,3 0,7 0,6 -0,1 0,0 0,2 -0,3
2020 1,3 0,1 1,2 1,2 1,4 0,8 0,6 -0,2 0,0 0,2 -0,3

Periods

1991-2000 2,2 0,3 1,9 1,9 1,9 1,3 0,6 0,0 -0,4 0,5 0,0
2001-2005 2,1 0,6 1,5 1,5 1,4 0,9 0,5 0,1 -0,4 0,6 -0,1
2006-2010 1,4 0,5 0,9 0,9 1,2 0,6 0,6 -0,3 -0,3 0,1 -0,1
2011-2015 1,1 0,2 0,8 0,8 1,3 0,7 0,6 -0,4 -0,1 0,0 -0,3
2016-2020 1,4 0,2 1,2 1,2 1,3 0,7 0,6 -0,1 0,0 0,3 -0,3

2011-2020 1,2 0,2 1,0 1,0 1,3 0,7 0,6 -0,3 0,0 0,1 -0,3

Period Averages

Potential GDP -      Annual 

Growth (%)
Potential GDP per capita - Annual Growth (%)

Potential 

Growth

Total 

Population 

Growth

Per capita 

Growth
Total

Hourly Labour Productivity (Potential)
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US Labour Input (Hours) per capita (Potential)

Version: 2000 PPS

Total (in € 

per Hour 

Worked)

TFP

Capital 

Intensity (in 

€ per Hour 

Worked)

Total (Avg 

Annual 

Hours per 

capita)

Avg Annual 

Hours per 

employee

Employment 

rate

Pop.Working Age 

as a % of 

Tot.Population

1991 2,7               1,3               1,3               
1992 2,9               1,3               1,5               1,5 1,3 1,2 0,2 0,2 0,2 0,2 -0,1
1993 3,0               1,3               1,7               1,7 1,4 1,2 0,2 0,3 0,4 0,0 -0,1
1994 3,3               1,2               2,0               2,0 1,5 1,2 0,3 0,5 0,6 0,0 0,0
1995 3,5               1,2               2,2               2,2 1,5 1,3 0,3 0,7 0,6 -0,1 0,1
1996 3,6               1,2               2,4               2,4 1,7 1,3 0,4 0,7 0,6 -0,1 0,2
1997 3,8               1,2               2,5               2,5 1,8 1,4 0,5 0,7 0,4 0,0 0,3
1998 3,8               1,2               2,6               2,6 2,1 1,4 0,7 0,5 0,2 0,0 0,3
1999 3,6               1,1               2,5               2,5 2,3 1,4 0,9 0,1 -0,1 0,0 0,2
2000 3,4               1,1               2,3               2,3 2,5 1,4 1,0 -0,2 -0,4 0,0 0,3
2001 2,9               1,0               1,9               1,9 2,4 1,4 1,0 -0,5 -0,7 -0,1 0,3
2002 2,5               1,0               1,5               1,5 2,3 1,3 0,9 -0,7 -0,8 -0,2 0,2
2003 2,3               0,9               1,4               1,4 2,3 1,3 1,0 -0,9 -0,7 -0,3 0,1
2004 2,5               0,9               1,5               1,5 2,2 1,2 1,0 -0,7 -0,6 -0,3 0,3
2005 2,5               0,9               1,5               1,5 2,2 1,1 1,1 -0,6 -0,5 -0,4 0,3
2006 2,4               1,0               1,4               1,4 2,1 1,0 1,1 -0,7 -0,4 -0,4 0,2
2007 2,0               1,0               1,0               1,0 2,0 1,0 1,0 -0,9 -0,4 -0,6 0,0
2008 1,5               0,9               0,6               0,6 1,9 1,0 0,9 -1,2 -0,4 -0,7 -0,1
2009 1,1               0,9               0,2               0,2 1,4 1,0 0,5 -1,2 -0,4 -0,8 0,0
2010 1,2               0,8               0,4               0,4 1,5 1,0 0,5 -1,1 -0,3 -0,8 0,0
2011 1,5               0,8               0,7               0,7 1,5 1,0 0,5 -0,8 -0,2 -0,7 0,0
2012 2,0               0,8               1,2               1,2 1,5 1,1 0,4 -0,3 -0,1 -0,2 0,0
2013 2,0               0,8               1,2               1,2 1,6 1,1 0,5 -0,4 0,0 0,1 -0,5
2014 2,2               0,8               1,4               1,4 1,6 1,1 0,5 -0,2 0,0 0,3 -0,5
2015 2,6               0,8               1,7               1,7 1,4 1,1 0,3 0,3 0,0 0,7 -0,5
2016 2,6               0,8               1,8               1,8 1,5 1,1 0,3 0,3 0,0 0,7 -0,4
2017 2,6               0,8               1,7               1,7 1,6 1,1 0,4 0,2 0,0 0,6 -0,5
2018 2,5               0,8               1,7               1,7 1,6 1,2 0,5 0,1 0,0 0,5 -0,5
2019 2,4               0,8               1,6               1,6 1,7 1,2 0,5 0,0 0,0 0,5 -0,5
2020 2,4               0,8               1,6               1,6 1,7 1,2 0,6 -0,1 0,0 0,4 -0,5

Periods

1991-2000 3,3               1,2               2,1               2,2 1,8 1,3 0,5 0,4 0,3 0,0 0,1
2001-2005 2,5               1,0               1,6               1,6 2,3 1,3 1,0 -0,7 -0,7 -0,3 0,2
2006-2010 1,7               0,9               0,7               0,7 1,8 1,0 0,8 -1,0 -0,4 -0,7 0,0
2011-2015 2,1               0,8               1,2               1,2 1,5 1,1 0,4 -0,3 -0,1 0,1 -0,3
2016-2020 2,5               0,8               1,7               1,7 1,6 1,2 0,5 0,1 0,0 0,6 -0,5

2011-2020 2,3               0,8               1,5               1,5 1,6 1,1 0,5 -0,1 0,0 0,3 -0,4

Period Averages

Potential GDP per capita - Annual 

Growth Rate (%)
Potential GDP per capita - Levels

Potential 

Growth

Total 

Population 

Growth

Per capita 

Growth
Total

Hourly Labour Productivity (Potential)
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FIGURE A2  EU 15 TFP 
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