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Introduction

Designing policies to foster economic growth and job creation in the EU is one of the principal goals of the Lisbon Agenda which aims at reaching demanding targets for both employment and knowledge investment. Concerning the employment target one can see progress in Europe in recent years. The employment rate has increased from about 60% in the mid 90s to 68% in 2008 and is approaching the Lisbon target.  There is, however, no similar development for productivity. Europe has stopped to catch up with the US since the mid 90s, leaving a productivity gap of about 10%. This can be seen as evidence for conditional convergence.  It looks as if European institutional arrangements and knowledge expenditure levels prevent further convergence. This paper therefore concentrates on  reform areas which could increase the rate of innovation and knowledge investment in the EU.

It is widely recognised by now that knowledge investment is a key to economic growth and there is a link between the growth rate of technical progress and R&D spending. However, it is also evident that it is not in the power of governments to increase R&D spending (of the private sector) directly. Instead one has to think about appropriate policies which induce firms to increase intangible investment. These can take a variety of forms, e. g. tax incentives, changes in market structure, supporting public R&D efforts, increasing the pool of qualified R&D personnel etc.. This paper provides a quantitative evaluation of alternative policy measures. For this analysis we make use of an endogenous growth extension of the Commission's QUEST III model, which is a standard Dynamic Stochastic General Equilibrium Model (DSGE). The framework that we adopt is the Jones (1995, 2005) extension of the Romer (1990) endogenous growth model, which uses a variety approach for modelling knowledge investment. 

We will start by looking at some direct policy measures such as tax credits for R&D investment and direct subsidies for R&D production in the form of wage subsidies for R&D personnel. However, we will also explore other structural impediment for higher innovation spending, such as entry barriers for new firms both in the form of high financing costs for start ups and administrative barriers. Finally we will also look at the effects of increasing the share of high skilled workers. Here we explore the economic consequences of the Commission's 'blue card' proposal which aims at boosting high skilled immigration into the EU. These three dimensions cover a wide spectrum of possible measures to increase knowledge investment in the EU. Because there could be short run costs of reforms we do not only show long run effects but provide the full dynamic solution for the relevant variables.

The paper is organised as follows. Section 1 documents the deficiencies of the EU in the area of innovation. Section 2 contains a detailed description of the model. Section 3 discusses calibration and estimation of structural parameters and provides a comparison with the US which we use as a benchmark. Section 3 presents and discusses the various reform scenarios. The final section concludes.

1
The EU's Innovation Gap

The EU Commission regularly measures the innovation performance of the EU and compares it to the US and Japan. The so called European Innovation Scoreboard (EIS) provides information about  innovation performance along various dimensions, covering both input and output measures of innovation.  As can be seen from the table, the EU performs better than the US in only two of the 13 indicators and is outperformed by Japan by all indicators. 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 at a high level 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, table 1 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 3rd level education compared with 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 also be leading to an overestimation of the relative US scores with respect to this indicator. 
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)

	4.5Employment 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)


2
Model
The model economy is populated by households, final and intermediate goods producing firms, a research industry, 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 and Stiglitz (1977). 

2.1
Households

The household sector consists of a continuum of households  
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 . They have access to financial markets where they can buy and sell domestic and foreign 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. Household members offer low, medium and high skilled labour services indexed by  
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 . These households can not trade in financial and physical assets and consume their disposable income each period. Members of liquidity constrained households also offer three distinct types of labour services. For each skill goup we assume that both types of households 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. In addition to the division of households by their liquidity constraints, households are also distinguished by their labour skill and grouped into low-, medium-, and high-skilled types. 

2.1.1
Non liquidity constrained households

Each non liquidity constrained household maximise an intertemporal utility function in consumption and leisure subject to a budget constraint. These households makes decisions about consumption (
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The budget constraints are written in real terms with all prices and wages normalized with 
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, the price of domestic final goods. All firms of the economy are owned by non liquidity constrained households who share the total profit of the final and intermediate sector firms,  
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 denote the number of firms in the final and intermediate sector respectively. As shown by the budget constraints, all households pay 
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 which depends on the economy-wide net holdings of internationally traded bonds. Also, when investing into tangible and intangible capital the household requires premia 
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The utility function is additively separable in consumption (
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For leisure we assume CES preferences with common labour supply elasticity but a skill specific weight (
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) on leisure. This is necessary in order to capture differences in employment levels across skill groups. Thus preferences for leisure is given by
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The investment decisions w.r.t. real capital are subject to convex adjustment costs  
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J

 , which are given by
(3)
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Wages are also subject to convex adjustment costs given by

(4)
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Consumption ( 
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 ) and investment ( 
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 ) is itself an aggregate of domestic and foreign varieties of final goods, with preferences expressed by  a CES utility function. We denote with 
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 aggregate. The first order conditions of the household with respect to consumption, financial and real assets are given by the following equations:
(6a)
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(6b)
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(6c)

[image: image55.wmf](

)

(

)

(

)

0

/

/

1

1

1

,

0

=

G

-

+

+

-

=>

¶

¶

+

+

t

t

t

F

t

t

B

F

t

i

t

t

i

t

i

F

t

E

E

Y

B

E

r

E

B

V

F

b

l

l


(6d)

[image: image56.wmf](

)

(

)

0

)

)(

1

(

)

1

(

1

1

1

1

0

=

+

-

-

+

-

+

-

=>

¶

¶

+

+

+

+

C

t

K

K

t

K

t

K

t

K

t

i

t

i

t

i

t

t

i

t

i

t

i

t

P

t

rp

i

t

E

K

V

d

b

l

d

b

x

l

x

l


(6e)
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All arbitrage conditions are standard, except for a trading friction (
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) on foreign bonds, which is modelled as a function of the ratio of assets to GDP. Using the arbitrage conditions and neglecting the second order terms, investment is given as a function of the variable  
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 is the present discounted value of the rental rate of return from investing in real assets

(7b)

[image: image63.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

+

+

-

-

+

-

+

-

=

+

+

+

C

t

t

K

K

t

K

t

K

t

K

t

t

C

t

t

t

t

i

t

rp

i

t

Q

i

E

Q

1

1

1

1

)

)(

1

(

1

1

p

d

p

d

 

Notice, the relevant discount factor for the investor is the nominal interest rate adjusted by the trading friction minus the expected inflation of investment goods (
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Non-liquidity constrained households buy new patents of designs produced by the R&D sector (
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) and rent their total stock of design (
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(7d)
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Therefore the rental rate can be obtained from (6b), (7c) and (7d) after neglecting the second order terms:

(7c')
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where 
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Equation (7c') states that household 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 affect investment decisions in intangible capital by giving tax incentives in the form of tax credits and depreciation allowances or by lowering the tax on the return from patents.
2.1.2
Liquidity constrained households

Liquidity constrained households do not optimize but simply consume their current income at each date. Real consumption of household k is thus determined by the net wage income plus net transfers

(8)
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2.1.3  Wage setting

Within each skill group a variety of labour services are supplied which are imperfect substitutes to each other. Thus trade unions can charge a wage mark-up (
[image: image75.wmf]W
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) over the reservation wage
. The reservation wage is given as the weighted average of the marginal utility of leisure between Ricardian and liquidity constrained households divided by the corresponding weighted average of the marginal utility of consumption of the two types of households. 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

(9)
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2.1.4  Aggregation

The aggregate of any household specific variable 
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 in per capita terms is given by 

(10)
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Hence aggregate consumption and employment is given by

(11)

[image: image79.wmf](

)

k

t

i

t

t

C

C

C

e

e

+

-

=

1

 

and
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2.2 Firms

1.2.1 Final output producers

Since each firm j (
[image: image81.wmf]n
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) 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 
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) is produced using A varieties of intermediate inputs (x) with an elasticity of substitution 1/(1-(). The final good sector uses a labour aggregate and intermediate goods using a Cobb-Douglas technology, subject to a fixed cost FC 
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Parameters ss is the population share of labour-force in subgroup s (low-, medium- and high-skilled), Ls denotes the employment rate of population s, efs is the corresponding efficiency unit, and 
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 is the elasticity of substitution between different labour types. Note that high-skilled labour in the final goods sector, 
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, is the total high-skill employment minus the high-skilled labour working for the R&D sector (
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The parameter 
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 determines the degree of substitutability among different types of labour. The above production function employs the idea of product variety framework proposed by Dixit and Stiglitz (1977) and applied in the literature of international trade and R&D diffusion
, and we will explicitly model the underlying development of R&D by the semi-endogenous framework of Jones (1995 and 2005)
. 

The objective of the firm is to maximise profits

(16)
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where 
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(17b)
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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 domestic households and by making an initial payment 
[image: image101.wmf]A
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 to overcome administrative entry barriers. Capital inputs are also rented from the household sector for a rental rate of 
[image: image102.wmf]K

t

i

. 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 respective inverse demand functions of intermediate goods producing firms are given as (17b). 

Each intermediate firm solves the following profit-maximisation problem

(18)
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Subject to a linear technology which allows to transform one unit of capital (ki) into one unit of an intermediate good 

(19)
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In a symmetric equilibrium the first order condition is

(20a)
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Intermediate goods producers set prices as a mark up over marginal cost. Therefore prices for the domestic market are given by:

(20b)
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The no-arbitrage condition requires that entry into the intermediate goods producing sector takes place until 

(21a)
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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

(21b)
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For an intermediate producer, entry costs consist of the licensing fee 
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 for the design or patent which is a prerequisite of production of innovative intermediate goods and a fixed entry cost 
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2.2.3
R&D sector

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 (LA) and generates new designs according to the following knowledge production function:

(22)
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In this framework we allow for international R&D spillovers following Botazzi and Peri (2007).  Parameters ( and 
[image: image112.wmf]f

 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. Note that  
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  would give back the strong scale effect feature of fully endogenous growth models with respect to the domestic level of knowledge. Parameter 
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 can be interpreted as total factor efficiency of R&D production, while 
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 measures the elasticity of R&D production on the number of researchers (
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). The international stock of knowledge grows exogenously at rate 
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. We assume that the R&D sector is operated by a research institute which employs high skilled labour at their market wage 
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. We also assume that the research institute faces an adjustment cost of hiring new employees and maximizes the following discounted profit-stream:
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therefore the first order condition implies:

(24)
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where dt is the discount factor.

2.3
Trade and the current account 
The economies trade their final goods. The elasticity of substitution between bundles of domestic and foreign goods 
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. Thus aggregate imports are given by
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and there is producer pricing of imports and exports. 

(26)
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Thus net foreign assets evolve according to

(28)
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2.4
Policy

On the expenditure side we assume that government consumption, government transfers and government investment are proportional to GDP and unemployment benefits are indexed to wages as follows

(29)
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Where the benefit replacement rate 
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can be indexed to consumer prices and net wages in different degrees according to the following rule
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The government provides subsidies (
[image: image132.wmf]t
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) on physical capital and R&D investments in the form of a tax-credit and depreciation allowances

(31)
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Government revenues 
[image: image134.wmf]G
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are made up of taxes on consumption as well as capital and labour income. Government debt (
[image: image135.wmf]t
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) evolves according to

(32)

[image: image136.wmf]LS

t

G

t

t

t

t

t

C

t

t

t

t

T

R

S

BEN

TR

G

P

B

r

B

-

-

+

+

+

+

+

=

-

1

)

1

(

.

There is a lump-sum tax (
[image: image137.wmf]LS
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) used for controlling the debt to GDP ratio according to the following rule
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where 
[image: image139.wmf]T
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 is the government debt target. 

3
Calibration

3.1
Goods Market
We identify the final goods sector as the service sector and the intermediate sector as the manufacturing sector. The manufacturing sector resembles the intermediate sector along various dimensions. First, this sector is more R&D and patent intensive, in fact the bulk of all business R&D spending is conducted in manufacturing. Second, a large fraction of manufacturing supplies innovative goods (in the form of investment goods but also innovative consumer goods). Services on the other hand are typically not subject to large (patented) innovations but undertake to organisational changes mainly in relation to new technologies supplied by the manufacturing sector. A good example in this respect is the ICT investment driven productivity increase in retail, wholesale trade and banking in some countries, notably the US. Also the two sectors differ in the degree of competition, with manufacturing showing smaller mark ups compared to services. For calculating mark ups we use a method suggested by Roeger (1995). We find substantially high mark ups in services in the EU (24%) while mark ups in manufacturing are lower (11%). In contrast, we find lower mark ups in US services (21%) while mark ups in US manufacturing is slightly larger (12%). Similar results but with even stronger differences in manufacturing industries have been obtained by Christopoulou and Vermeulen (2008). 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 57.3 percent of per capita GDP and only to 1.6% for the US. Cross country variation within the EU is large and ranges from 4.5 percent of per capita GDP for the UK to 1.83 times per capita GDP in Hungary. 

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 US it still only amounts to .12% of GDP compared to .19% in the US
. There are various studies indicating that access to finance for innovating firms are 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 21b) on EU and US data,  does indeed reveal  higher financing costs in the EU. The calibrated risk premium for the EU is 5.2% compared to 2.6% for the US. 

3.2
R&D sector

Empirical evidence on output elasticities of R&D production has recently been provided by Botazzi 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, which  is defined as
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Where 
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 is the rate of tax credit for intangible investment,  A is the present value of depreciation allowances and 
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is the corporate tax rate. One obtains the standard neoclassical user cost of capital (cc) when multiplying the B-index with the sum of the real interest rate and the rate of depreciation. 
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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 .96 for the EU and .89 for the US.

3.3
Labour market
We use information from DG ECFINs DSGE macroeconomic model (see Ratto et al. (2007)) to calibrate the parameters of the utility function, labour supply elasticity and the frictional parameters. Labour force is disaggregated into three skill-groups: low-, medium- and high-skilled labour
. 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 issue 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. The authors argue in favour of using the Katz and Murphy (1992) estimate of 1.4. We set the efficiency of low-skilled at 1 for EU27, the other efficiency units are restricted by the labour demand equations. 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
	
	
	

	LA
	0.010
	0.017
	EUROSTAT/OECD

	R&D intensity (%)
	1.860
	2.670
	EUROSTAT/OECD

	(
	0.779
	0.900
	calibration (constrained by equations)

	(
	0.344
	0.771
	Botazzi-Peri (2007)/Coe-Helpman (1995)

	(
	0.552
	0.109
	Botazzi-Peri (2007)/Coe-Helpman (1995)

	( (R&D efficiency)
	0.190
	0.261
	calibration (constrained by equations)

	Intermediate sector
	
	
	

	markup
	0.11
	0.12
	ECFIN

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

	Final goods sector
	
	
	

	Final good mark up
	0.242
	0.205
	ECFIN

	Skill distribution
	
	
	

	sL
	0.350
	0.121
	EUROSTAT/OECD

	sM
	0.588
	0.803
	EUROSTAT/OECD

	sH
	0.062
	0.076
	EUROSTAT/OECD

	Employment rates
	
	
	

	LL
	0.572
	0.600
	EUROSTAT/OECD

	LM
	0.744
	0.774
	EUROSTAT/OECD

	LH
	0.837
	0.871
	EUROSTAT/OECD

	( (elasticity of. substitution)
	1.400
	1.400
	Katz and Murphy (2002)

	L
	0.689
	0.760
	EUROSTAT/OECD

	Skill premium %

(high vs. medium)
	27.25
	72.00
	EUROSTAT/OECD

	Skill premium %

(medium vs. low)
	56.38
	53.84
	EUROSTAT/OECD

	Efficiency levels
	
	
	

	ef*L
	1.000
	1.000
	calibration (constrained by equations)

	ef*M
	4.782
	4.517
	calibration (constrained by equations)

	ef*H
	11.114
	30.141
	calibration (constrained by equations)

	Financial market
	
	
	

	Risk premium (intangibles)
	5.2
	2.6
	Calibration (constrained by equations)

	Taxes and subsidies 
	
	
	

	B-Index 
	0.96
	0.89
	OECD/Warda (2006) 

	Labour taxes
	0.386
	0.306
	ECFIN

	Labour market
	
	
	

	Labour adjustment cost (% of total add. wage costs)
	18
	10
	ECFIN, QUEST III

	Labour supply elasticity (1/
[image: image144.wmf]k

)
	1/2.9
	1/.8
	ECFIN, QUEST III


4.
Reform Scenarios 
4.1
Raising R&D through tax credits 

According to the B-index as published by the OECD the US subsidising R&D investment slightly more than the EU. This section explores the sensitivity of R&D spending to fiscal measures and asks to what extent differences in the level of R&D subsidies could explain different R&D  investment levels. The experiment we conduct is an increase in the tax credit ((A) for income from intangible capital. More precisely we consider a .1% of GDP increase in the tax credit for R&D investment. This would correspond to an increase in the rate of tax credit of 5 percentage points and would approximately increase the rate of R&D tax subsidies to US levels.  Table 4.1 presents the effects on production, R&D intensity, TFP, R&D labour, total employment and other variables.
 Subsidies are financed through lump-sum taxes. The simulations show the important characteristic of semi-endogenous growth models: permanent subsidies for R&D using sectors give permanent increase in GDP level in the long-run while the GDP growth stabilizes. Higher tax-credits allow households to lower the rental rate for intangibles thus reducing the fixed costs of firms producing intermediates. This in turn raises the demand for blue prints and stimulates R&D and reallocates high skilled workers from production into the research sector. The size of the effect is however rather limited. The results show a 0.07 percent increase in GDP relative to the baseline 20 years after the initial shock and 0.30 percent in the long run. 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. Notice, it takes time for the output effects to emerge because of output losses due to the reallocation of high skilled workers from production to research. Because of supply constraints for high skilled workers a part of the fiscal stimulus is offset by wage increases for high skilled workers

Raising subsidies to R&D to approximately US levels can increase productivity in the long run. However, fiscal incentives do not differ sufficiently such that this could already explain the entire knowledge investment gap between the EU and the US.
 Table 4.1
0.1% of GDP tax-credit  to the intermediate sector

	EU
	Years

	
	1
	2
	3
	4
	5
	10
	20
	50
	100

	GDP
	-0.01
	-0.04
	-0.06
	-0.06
	-0.05
	-0.01
	0.07
	0.22
	0.30

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

	"Ideas/Patents"
	0.05
	0.22
	0.43
	0.67
	0.90
	1.96
	3.50
	5.45
	6.04

	Capital
	0.00
	0.00
	-0.01
	-0.02
	-0.02
	-0.04
	-0.04
	0.09
	0.20

	Capital intensity
	0.01
	0.02
	0.05
	0.07
	0.10
	0.22
	0.38
	0.59
	0.66

	Employment
	0.03
	0.03
	0.03
	0.03
	0.02
	0.01
	0.00
	-0.01
	-0.01

	-low
	0.01
	0.02
	0.03
	0.03
	0.03
	0.02
	0.00
	-0.02
	-0.02

	-medium
	0.01
	0.01
	0.02
	0.02
	0.02
	0.01
	0.00
	-0.01
	-0.01

	-high
	-0.37
	-0.89
	-1.21
	-1.36
	-1.42
	-1.37
	-1.20
	-0.98
	-0.91

	-R&D
	2.58
	4.84
	5.76
	6.13
	6.24
	5.93
	5.17
	4.19
	3.91

	Consumption
	0.02
	0.02
	0.01
	0.00
	-0.01
	0.00
	0.06
	0.19
	0.24

	Investment
	-0.01
	-0.03
	-0.04
	-0.05
	-0.06
	-0.06
	-0.02
	0.11
	0.20

	Wages
	0.04
	0.09
	0.11
	0.11
	0.12
	0.15
	0.21
	0.34
	0.40

	-low
	-0.01
	-0.02
	-0.02
	-0.02
	-0.02
	0.03
	0.11
	0.26
	0.33

	-medium
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	0.03
	0.11
	0.25
	0.32

	-high
	0.36
	0.80
	1.00
	1.06
	1.07
	1.03
	0.97
	0.95
	0.97

	Exports
	-0.02
	-0.06
	-0.07
	-0.07
	-0.06
	0.00
	0.07
	0.19
	0.25

	Imports
	0.03
	0.04
	0.04
	0.03
	0.02
	-0.01
	0.00
	0.05
	0.08

	TOT, final
	0.02
	0.04
	0.05
	0.04
	0.04
	0.00
	-0.04
	-0.13
	-0.17

	
	
	
	
	
	
	
	
	
	

	Short term nominal interest rate
	0.04
	0.06
	0.06
	0.06
	0.05
	0.02
	-0.01
	0.00
	0.00

	Real interest rate
	-0.04
	-0.01
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00

	Inflation
	0.05
	0.07
	0.06
	0.06
	0.05
	0.01
	-0.01
	-0.01
	0.00

	Consumer price inflation
	0.04
	0.06
	0.06
	0.06
	0.05
	0.01
	-0.01
	-0.01
	0.00

	Labour tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-low skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-medium skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Corporate tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumption tax rate 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lump sum taxes 

(% of GDP)
	0.01
	0.04
	0.06
	0.07
	0.09
	0.14
	0.15
	0.14
	0.14

	Unemployment rate
	-0.02
	-0.03
	-0.03
	-0.02
	-0.02
	-0.01
	0.00
	0.01
	0.01

	-low-skilled
	-0.01
	-0.02
	-0.03
	-0.03
	-0.03
	-0.02
	0.00
	0.02
	0.02

	-medium-skilled 
	-0.01
	-0.01
	-0.02
	-0.02
	-0.02
	-0.01
	0.00
	0.01
	0.01

	-high-skilled
	-0.19
	-0.21
	-0.14
	-0.09
	-0.06
	-0.05
	-0.04
	-0.03
	-0.02

	Gov. balance 

(% of GDP)
	-0.11
	-0.11
	-0.10
	-0.08
	-0.07
	-0.01
	0.02
	0.00
	0.00

	Current account 

(% of GDP)
	-0.01
	-0.03
	-0.05
	-0.07
	-0.09
	-0.13
	-0.10
	-0.03
	0.00

	R&D intensity 

(% of GDP)
	0.10
	0.12
	0.13
	0.14
	0.14
	0.13
	0.11
	0.09
	0.08


4.2
Reducing mark-ups in the service sector

Empirical mark up estimates, as cited in section 3 suggest that there is still room for increasing competition in EU service sectors. One of the reasons for high mark ups in services could be the lack of an internal market for services with legal and administrative barriers for cross border activities. The service directive aims at increasing cross–border services and 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 Botassi (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, which resembles the service sector in this model
 . This increases GDP by about one per cent in the long run. 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. 

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. This does in fact occur since the increase of demand for intermediates, increases profits and  stimulates entry. Nevertheless, higher service demand predominantly leads to an increase in production of incumbants. Thus unlike in the previous scenario which looked at a policy targeted at stimulating R&D, innovation is only a side product of increased competition in  services and the resulting productivity increase occurs via a traditional capital accumulation channel. 

Table 4.2
A 1 pp level reduction of the final goods market mark up

	EU
	Years after the shock

	
	1
	2
	3
	4
	5
	10
	20
	50
	100

	GDP
	0.12
	0.33
	0.38
	0.39
	0.40
	0.51
	0.69
	0.91
	0.97

	TFP
	0.07
	0.18
	0.20
	0.19
	0.19
	0.18
	0.16
	0.16
	0.15

	"Ideas/Patents"
	0.01
	0.05
	0.09
	0.12
	0.14
	0.22
	0.31
	0.41
	0.45

	Capital
	0.02
	0.09
	0.18
	0.27
	0.36
	0.72
	1.20
	1.76
	1.93

	Capital intensity
	0.00
	0.01
	0.01
	0.01
	0.02
	0.02
	0.03
	0.05
	0.05

	Employment
	0.08
	0.20
	0.20
	0.16
	0.13
	0.11
	0.13
	0.14
	0.14

	-low
	0.10
	0.25
	0.28
	0.25
	0.22
	0.18
	0.22
	0.24
	0.23

	-medium
	0.07
	0.18
	0.17
	0.13
	0.10
	0.09
	0.11
	0.12
	0.11

	-high
	-0.02
	-0.01
	-0.07
	-0.10
	-0.10
	-0.04
	-0.01
	0.00
	0.01

	-R&D
	0.66
	1.01
	0.92
	0.76
	0.64
	0.44
	0.35
	0.31
	0.30

	Consumption
	-0.13
	-0.08
	0.00
	0.04
	0.07
	0.16
	0.22
	0.30
	0.33

	Investment
	0.30
	0.60
	0.76
	0.84
	0.90
	1.12
	1.43
	1.82
	1.94

	Wages
	0.53
	1.03
	1.28
	1.40
	1.47
	1.59
	1.75
	1.95
	2.01

	-low
	0.48
	0.93
	1.17
	1.31
	1.39
	1.53
	1.69
	1.88
	1.94

	-medium
	0.52
	1.02
	1.28
	1.41
	1.47
	1.60
	1.77
	1.97
	2.03

	-high
	0.64
	1.25
	1.51
	1.59
	1.61
	1.69
	1.85
	2.05
	2.11

	Exports
	0.08
	0.29
	0.29
	0.27
	0.27
	0.36
	0.55
	0.77
	0.82

	Imports
	-0.18
	-0.16
	-0.03
	0.06
	0.10
	0.17
	0.20
	0.23
	0.25

	TOT, final
	-0.06
	-0.20
	-0.19
	-0.18
	-0.18
	-0.24
	-0.37
	-0.51
	-0.54

	
	
	
	
	
	
	
	
	
	

	Short term nominal interest rate
	-0.36
	-0.41
	-0.34
	-0.27
	-0.22
	-0.12
	-0.01
	0.04
	0.01

	Real interest rate
	0.27
	-0.04
	-0.05
	-0.03
	-0.01
	0.01
	0.01
	0.00
	0.00

	Inflation
	-0.52
	-0.50
	-0.33
	-0.26
	-0.23
	-0.13
	-0.03
	0.04
	0.01

	Consumer price inflation
	-0.44
	-0.46
	-0.35
	-0.28
	-0.23
	-0.13
	-0.02
	0.04
	0.01

	Labour tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-low skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-medium skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Corporate tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumption tax rate 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lump sum taxes 

(% of GDP)
	0.01
	-0.03
	-0.12
	-0.19
	-0.25
	-0.36
	-0.37
	-0.30
	-0.27

	Unemployment rate
	-0.08
	-0.18
	-0.19
	-0.15
	-0.12
	-0.11
	-0.12
	-0.14
	-0.13

	-low-skilled
	-0.09
	-0.22
	-0.25
	-0.23
	-0.20
	-0.17
	-0.19
	-0.21
	-0.21

	-medium-skilled 
	-0.06
	-0.17
	-0.16
	-0.12
	-0.10
	-0.08
	-0.10
	-0.11
	-0.11

	-high-skilled
	-0.10
	-0.18
	-0.12
	-0.06
	-0.04
	-0.05
	-0.06
	-0.06
	-0.06

	Gov. balance 

(% of GDP)
	0.26
	0.50
	0.44
	0.34
	0.26
	0.06
	-0.03
	-0.04
	-0.01

	Current account 

(% of GDP)
	0.04
	0.14
	0.21
	0.24
	0.24
	0.17
	0.03
	-0.02
	0.00

	R&D intensity 

(% of GDP)
	0.04
	0.04
	0.04
	0.04
	0.03
	0.03
	0.03
	0.03
	0.03


4.4
Reducing entry barriers 
Transforming new ideas into marketable products and services is probably one of the most central mechanisms generating growth in modern industrial economies. Innovations can be made within existing companies but they can also be (and often are) made by newcomers. These can be researchers in universities or firms who intent to market their ideas by creating their own business. Investing in ideas, is more risky compared to physical capital investment because in the case of failure of the project, the initial investment (patent) may have to be written off completely, while physical investment goods still have a sizeable resale value in case of bankruptcy. Because intangibles do not constitute collateral to the same degree as tangible capital,  financing constraints emerge more easily. Both existing firms and start up companies face similar problems when marketing new products, however in the case of start ups these problems are likely to be more severe.  Start ups do not have access to public capital markets. Also in the absence of a track record they may have more difficulties to obtain bank financing. New firms also have to overcome administrative hurdles when setting up a new company, while the administrative costs of introducing new products for incumbants and start ups.

4.4.1 Financing constraints for intangible investment (venture capital):

A particular form of financing innovations, namely venture capital was born in the US after WW II when professors from Harvard and MIT created American Research and Deveopment (ARD) in order to raise funds from wealthy individuals and College endowments in order to invest them in high tech entrepreneurial start-ups (see Bottazzi et al. 2002). Venture capital has become a popular form of financing young firms in high tech sectors. Since the beginning of the 90s venture capital financing has also become popular in the EU. It now amounts to .12% of GDP compared to .19% in the US
. There are numerous studies both at the micro and the macro level suggesting a positive relationship between the availability of venture capital and economic performance. At the micro level a  recent ZEW study (Gottschalk et al. 2007) show that firms with VC finance have grown faster compared to a control group without access to VC. Similar results have been obtained for  the US by Hellmann and Puri (2002). At the macro level Romain and et al. (2004) establish a positive relationship between VC and productivity growth.  

As pointed out in a study by Aghion et al. (2007), financial constraints related to entry could be as important as labour market rigidities in terms of obstacles to growth. Also when it comes to innovation, there are numerous examples which indicate that a larger share of innovations is undertaken by young firms in the US compared to the EU. Venture capitalists provide loans to start ups and they require a return to compensate for the opportunity cost of not investing in alternative assets as well as the risk associated with such an investment. With underdeveloped venture capital markets investors lack opportunities to diversify risk and therefore they require a larger risk premium
.  Phillipon et al. (2008) suggest a number of measures to increase the supply of venture capital financing. Among others they ask for more competition in banking sector. Changes in insolvency legislation and removal of prudential regulations, which hamper equity investment by institutional investors such as pension funds and insurance companies.

The following experiments tries to quantify how a reduction in financing costs for start ups of 50 BP could stimulate growth in the EU. Improving access to credit for start ups makes projects profitable which generate a lower present discounted value of profits and thereby stimulates entry and the introduction of new products. In the long run the level of output could increase by about .3% and investment would be directed more towards R&D with this more targeted measure. Also in this case, the labour supply elasticity of high skilled workers is a crucial determinant of the total effect. The 50 BP reduction will only partially close the start up financing gap with the US. Reducing the financing costs to US levels could result in a long run increase of GDP of about 1.5% and a increase in the R&D expenditure share of about .5% points. This suggests that financing constraints for firm start ups could be an important factor preventing an increase in the R&D share.

4.4.2 Reducing administrative entry barriers

Again, using the US as a benchmark, and as shown in section 3, administrative costs for starting a new company are much larger in the EU compared to the US. Though, one has to be careful when making a comparison. One important argument for a downward bias of 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 are facing 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 of start up costs in the EU it seems feasible to lower administrative entry costs towards levels prevailing in best practice countries. Here we look at the effects of reducing administrative entry barriers by 10%. Qualitatively the effects on the composition of investment (tangible vs. intangible) are similar to the previous experiment since administrative entry barriers act like a sunk cost for potential entrants in the same way as financing costs do. However, initial financing costs exceed start up costs significantly. Thus also a full elimination of start up costs would not dramatically increase GDP.

Table 4.3.b
Reduction of intangible capital costs of 50bp
	EU
	Years

	
	1
	2
	3
	4
	5
	10
	20
	50
	100

	GDP
	-0.01
	-0.05
	-0.06
	-0.06
	-0.06
	-0.01
	0.08
	0.24
	0.33

	TFP
	-0.01
	-0.02
	-0.02
	-0.01
	0.00
	0.05
	0.14
	0.26
	0.29

	"Ideas/Patents"
	0.06
	0.24
	0.47
	0.71
	0.96
	2.11
	3.78
	5.96
	6.65

	Capital
	0.00
	0.00
	-0.01
	-0.01
	-0.02
	-0.04
	-0.04
	0.09
	0.22

	Capital intensity
	0.01
	0.03
	0.05
	0.08
	0.11
	0.23
	0.41
	0.65
	0.72

	Employment
	0.03
	0.03
	0.03
	0.03
	0.03
	0.02
	0.00
	-0.01
	-0.01

	-low
	0.01
	0.02
	0.03
	0.04
	0.04
	0.02
	0.00
	-0.02
	-0.02

	-medium
	0.01
	0.01
	0.02
	0.02
	0.02
	0.01
	0.00
	-0.01
	-0.01

	-high
	-0.40
	-0.95
	-1.30
	-1.46
	-1.53
	-1.48
	-1.30
	-1.08
	-1.01

	-R&D
	2.77
	5.18
	6.18
	6.58
	6.71
	6.40
	5.62
	4.62
	4.32

	Consumption
	0.00
	-0.01
	-0.01
	-0.02
	-0.01
	0.01
	0.08
	0.21
	0.27

	Investment
	-0.01
	-0.02
	-0.04
	-0.05
	-0.05
	-0.05
	-0.02
	0.12
	0.22

	Wages
	0.04
	0.09
	0.11
	0.12
	0.13
	0.16
	0.23
	0.37
	0.44

	-low
	-0.01
	-0.02
	-0.03
	-0.03
	-0.02
	0.03
	0.12
	0.28
	0.36

	-medium
	-0.01
	-0.01
	-0.02
	-0.01
	-0.01
	0.04
	0.12
	0.27
	0.35

	-high
	0.39
	0.86
	1.07
	1.14
	1.15
	1.11
	1.06
	1.05
	1.07

	Exports
	-0.01
	-0.05
	-0.07
	-0.06
	-0.06
	-0.01
	0.07
	0.21
	0.28

	Imports
	0.01
	0.02
	0.02
	0.02
	0.01
	0.00
	0.01
	0.06
	0.09

	TOT, final
	0.01
	0.04
	0.04
	0.04
	0.04
	0.00
	-0.05
	-0.14
	-0.19

	
	
	
	
	
	
	
	
	
	

	Short term nominal interest rate
	0.04
	0.06
	0.06
	0.06
	0.05
	0.02
	0.00
	0.00
	0.00

	Real interest rate
	-0.04
	-0.01
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00

	Inflation
	0.05
	0.07
	0.07
	0.06
	0.05
	0.01
	-0.01
	-0.01
	0.00

	Consumer price inflation
	0.04
	0.06
	0.06
	0.06
	0.05
	0.02
	-0.01
	-0.01
	0.00

	Labour tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-low skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-medium skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Corporate tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumption tax rate 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lump sum taxes 

(% of GDP)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.03
	0.03
	0.04

	Unemployment rate
	-0.02
	-0.03
	-0.03
	-0.03
	-0.03
	-0.02
	0.00
	0.01
	0.01

	-low-skilled
	-0.01
	-0.02
	-0.03
	-0.03
	-0.03
	-0.02
	0.00
	0.01
	0.02

	-medium-skilled 
	-0.01
	-0.01
	-0.02
	-0.02
	-0.02
	-0.01
	0.00
	0.01
	0.01

	-high-skilled
	-0.21
	-0.23
	-0.15
	-0.09
	-0.07
	-0.05
	-0.04
	-0.03
	-0.03

	Gov. balance 

(% of GDP)
	-0.02
	-0.04
	-0.05
	-0.04
	-0.04
	-0.01
	0.01
	0.00
	0.00

	Current account 

(% of GDP)
	0.00
	-0.01
	-0.03
	-0.05
	-0.06
	-0.10
	-0.11
	-0.04
	-0.01

	R&D intensity 

(% of GDP)
	0.10
	0.13
	0.14
	0.15
	0.15
	0.14
	0.12
	0.10
	0.09


Table 4.4
10% reduction in int. firms entry barriers
	EU
	Years

	
	1
	2
	3
	4
	5
	10
	20
	50
	100

	GDP
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	0.00
	0.02
	0.06
	0.08

	TFP
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.04
	0.07
	0.07

	"Ideas/Patents"
	0.01
	0.06
	0.12
	0.18
	0.24
	0.53
	0.94
	1.47
	1.64

	Capital
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	-0.01
	0.02
	0.06

	Capital intensity
	0.00
	0.01
	0.01
	0.02
	0.03
	0.06
	0.10
	0.16
	0.18

	Employment
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00

	-low
	0.00
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00

	-medium
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high
	-0.10
	-0.24
	-0.32
	-0.37
	-0.38
	-0.37
	-0.32
	-0.27
	-0.25

	-R&D
	0.69
	1.30
	1.55
	1.64
	1.67
	1.59
	1.40
	1.15
	1.07

	Consumption
	0.00
	-0.01
	-0.01
	-0.01
	0.00
	0.00
	0.02
	0.05
	0.07

	Investment
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	0.00
	0.03
	0.06

	Wages
	0.01
	0.02
	0.03
	0.03
	0.03
	0.04
	0.06
	0.09
	0.11

	-low
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	0.01
	0.03
	0.07
	0.09

	-medium
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.03
	0.07
	0.09

	-high
	0.10
	0.21
	0.27
	0.28
	0.28
	0.28
	0.26
	0.26
	0.27

	Exports
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	0.00
	0.02
	0.05
	0.07

	Imports
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02

	TOT, final
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	-0.01
	-0.04
	-0.05

	
	
	
	
	
	
	
	
	
	

	Short term nominal interest rate
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00

	Real interest rate
	-0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Inflation
	0.01
	0.02
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00

	Consumer price inflation
	0.01
	0.01
	0.02
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00

	Labour tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-low skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-medium skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Corporate tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumption tax rate 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lump sum taxes 

(% of GDP)
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01

	Unemployment rate
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	0.00
	0.00
	0.00
	0.00

	-low-skilled
	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	0.00
	0.00
	0.00

	-medium-skilled 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high-skilled
	-0.05
	-0.06
	-0.04
	-0.02
	-0.02
	-0.01
	-0.01
	-0.01
	-0.01

	Gov. balance 

(% of GDP)
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Current account 

(% of GDP)
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.02
	-0.03
	-0.01
	0.00

	R&D intensity 

(% of GDP)
	0.03
	0.03
	0.04
	0.04
	0.04
	0.03
	0.03
	0.02
	0.02


4.5
Increasing the share of high skilled workers 

At the end of 2007 the EU Commission has proposed to introduce a blue card system - similar to the green card in the US – in order to foster high skilled immigration into the EU. The Community proposal accounts for an annual inflow of 74300 professionals between 2012 and 2020 which in our model corresponds to about 0.03 percentage point increase in the share of high-skilled labour each year.
 Here we look at the economic implications of introducing this  scheme to attract highly-skilled workers from outside the EU. If successful this scheme could close the existing high skilled employment gap with the US by about 25%. Increasing the supply of high skilled workers increases competition in the high skilled sector of the labour market and lowers the skill premium and increases the demand for high skilled workers both in production and research. Reducing the costs of blue prints stimulates entry and the marketing of innovations.

Table 4.5
Increasing the share of high skilled workers by .03% over 10 years 

	EU
	Years

	
	1
	2
	3
	4
	5
	10
	20
	50
	100

	GDP
	0.02
	0.03
	0.05
	0.06
	0.09
	0.19
	0.27
	0.29
	0.30

	TFP
	0.01
	0.02
	0.04
	0.05
	0.07
	0.15
	0.19
	0.19
	0.19

	"Ideas/Patents"
	0.02
	0.05
	0.10
	0.17
	0.26
	0.85
	1.30
	1.28
	1.28

	Capital
	0.00
	0.00
	0.01
	0.02
	0.02
	0.09
	0.21
	0.28
	0.31

	Capital intensity
	0.00
	0.01
	0.02
	0.04
	0.06
	0.20
	0.30
	0.30
	0.30

	Employment
	0.01
	0.01
	0.02
	0.02
	0.03
	0.05
	0.05
	0.05
	0.05

	-low
	-0.02
	-0.03
	-0.05
	-0.07
	-0.09
	-0.18
	-0.21
	-0.21
	-0.21

	-medium
	-0.02
	-0.04
	-0.06
	-0.08
	-0.11
	-0.20
	-0.21
	-0.22
	-0.22

	-high
	0.37
	0.68
	1.03
	1.42
	1.83
	3.35
	3.71
	3.70
	3.70

	-R&D
	0.19
	0.38
	0.59
	0.82
	1.06
	1.80
	1.54
	1.57
	1.58

	Consumption
	0.02
	0.03
	0.05
	0.07
	0.09
	0.17
	0.25
	0.29
	0.30

	Investment
	0.02
	0.05
	0.08
	0.11
	0.14
	0.28
	0.30
	0.30
	0.31

	Wages
	0.00
	0.00
	0.01
	0.02
	0.03
	0.10
	0.16
	0.19
	0.20

	-low
	0.03
	0.05
	0.07
	0.10
	0.13
	0.27
	0.35
	0.38
	0.39

	-medium
	0.03
	0.06
	0.08
	0.11
	0.14
	0.28
	0.36
	0.38
	0.39

	-high
	-0.39
	-0.62
	-0.87
	-1.14
	-1.41
	-2.23
	-2.37
	-2.34
	-2.33

	Exports
	-0.02
	-0.03
	-0.03
	-0.02
	-0.01
	0.14
	0.28
	0.24
	0.23

	Imports
	0.03
	0.05
	0.07
	0.09
	0.11
	0.16
	0.19
	0.25
	0.26

	TOT, final
	0.01
	0.02
	0.02
	0.02
	0.02
	-0.02
	-0.06
	-0.04
	-0.04

	
	
	
	
	
	
	
	
	
	

	Short term nominal interest rate
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00

	Real interest rate
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00

	Inflation
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.00

	Consumer price inflation
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.00

	Labour tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-low skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-medium skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	-high skilled
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Corporate tax rate
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumption tax rate 
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lump sum taxes 

(% of GDP)
	0.00
	0.00
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Unemployment rate
	0.00
	0.00
	0.00
	0.00
	0.00
	-0.01
	0.00
	0.00
	0.00

	-low-skilled
	-0.04
	-0.05
	-0.06
	-0.06
	-0.07
	-0.04
	-0.02
	-0.01
	-0.01

	-medium-skilled 
	-0.03
	-0.04
	-0.05
	-0.05
	-0.06
	-0.03
	-0.01
	-0.01
	-0.01

	-high-skilled
	0.49
	0.62
	0.71
	0.78
	0.82
	0.34
	0.13
	0.12
	0.12

	Gov. balance 

(% of GDP)
	0.00
	-0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Current account 

(% of GDP)
	0.00
	-0.01
	-0.01
	-0.02
	-0.03
	-0.07
	-0.06
	-0.01
	0.00

	R&D intensity 

(% of GDP)
	0.00
	0.00
	0.00
	-0.01
	-0.01
	-0.01
	-0.02
	-0.02
	-0.02


5.
 Conclusions
In this paper we used a DSGE model with endogenous growth to analyse the macroeconomic impact of structural reforms in Europe. The model allows us to look at concrete policy measures and trace their impact on the main macroeconomic aggregates over time. The starting point of our analysis has been the stylised fact of a significant underinvestment in knowledge capital in the EU and a persistent productivity level difference vis a vis the US. The current policy debate focuses on various measures to increase knowledge investment and innovation in the EU. They range from direct measures such as tax incentives for R&D spending or an increase in the share of high skilled workers via more generous immigration schemes but also include indirect measures such as increasing competition in service sectors, lower levels of regulation and better access to credit for firm start ups. According to our quantitative analysis all policies discussed in this paper have the potential to increase knowledge investment in the EU and contribute towards narrowing the gap with the US. The most promising reform areas for increasing R&D spending seem to be a reduction in financial frictions. Increasing competition in services also has the potential of increasing productivity, however this would mostly occur via a traditional capital accumulation channel. 
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�Notice, the households only make a decision about the level of employment but there is no distinction on the part of households between unemployment and non participation. It is assumed that the government makes a decision how to classify the non working part of the population into unemployed and non participants. The non participation rate  �EMBED Equation.3���  must therefore be seen as a policy variable characterising the generosity of the benefit system.








� The mark-up depends on the intratemporal elasticity of substitution between different types of labour �EMBED Equation.3��� and fluctuations in the mark-up arise because of wage adjustment costs and the fact that a fraction (1-sfw) of workers is indexing the growth rate of wages �EMBED Equation.3��� to wage inflation in the previous period


 �EMBED Equation.3��� 








� See Grossman and Helpman (1991) and Aghion and Howitt (1998).


� Butler and Pakko (1998) also applied Jones (1995) semi-endogenous growth framework to examine the effect of endogenous technological change on the properties of a real business cycle model without skill disaggregation.


� 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.


� 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.


� Note that in the tables TFP refers to a constructed measure of technological progress defined as � EMBED Equation.3  ���


� Notice, this corresponds to closing the mark up gap to the US by about 25%.


� 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.


� Alternatively the risk premium can also be interpreted as the shadow price of the collateral constraint for the firm investing in intangible capital.


� Based on EUROSTAT data the number of high-skilled labour force in the ISCED 5A and 6 education categories accounts for about 16.6 million in the EU in 2006.
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