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1 Introduction

Western Europe has caught up with the US in terms of productivity in the post war period,
but this process came to an end in the mid 1990s. Since then the productivity gap with
the US has slightly widened again to more than 10%. This can be seen as evidence of
conditional convergence, i.e. European institutions, technologies and endowments prevent
full convergence of productivity levels. There are other important stylised differences
between the two regions. The US invests more in knowledge and this is reflected in an R&D
share of about 3% compared to 2% for the former EU15. This difference in knowledge
investment has persisted since a long time, despite efforts of European policymakers to
close this gap. Another important stylised fact is the size of the skill premium, where the
US shows a wider dispersion of wages across skill groups. For instance, for high skilled
wages in the education sector, a proxy for the wage level of R&D workers, there exists
a skill premium relative to medium skilled workers of 39% in the US vs. 34.6% in the
former EU15.

There has been a long debate on how these persistent differences could possibly be
explained. Interest has focused on the productivity gap. There is a sizeable literature
which blames product market regulations as a major reason for the income gap. In a
simulation exercise Bayoumi et al.| (2004) estimates that increasing competition in the
goods market to US levels could increase GDP per capita by about 7%. Deeper and more
efficient financial markets, especially venture capital markets in the US (see Bottazzi et al.
(2001)) are also regarded as an important explanatory factor. In a recent empirical study,
Aghion and Scarpetta (2007) conclude that financial constraints related to entry could be
as important as labour market rigidities in terms of obstacles to growth. The consequences
of differences in goods and financial markets for knowledge investment have so far been
less explored. Though there exists some literature on the effects of financing constraints,
the emphasis has been on fiscal factors for explaining differences in R&D spending. The
factors which are regarded as important for explaining the productivity and knowledge

investment gap are even less prominent when it comes to assessing determinants of skill



premia and permanent differences in these across the Atlantic.

This paper tries to fill this gap by mapping differences in product markets, financial
markets and R&D policies onto these three stylised differences using an endogenous growth
model. This allows us to look at the relative importance of important structural features
distinguishing the two economies for explaining the differences in productivity, knowledge
investment and skill premia. Endogenous growth models do obviously suggest that links
exist between productivity, R&D investment and skill premia and therefore serve as an
appropriate tool to look at all three aspects simultaneously.

In this exercise we make use of a wealth of empirical evidence which has been gathered
in recent years on differences in institutions, technologies, endowments and policies be-
tween FEurope and the US. We focus our comparison on the former EU15, i.e. we only look
at the old member states that were part of the European Union pre 2004 enlargement,
and exclude the new member states which generally have a much larger gap vis-a-vis the
US. Concerning goods markets we use various indicators such as mark up estimates as
well as indicators of administrative entry barriers as well as financial frictions to char-
acterise the state of product market competition. Concerning knowledge production we
make use of recent empirical estimates as presented by Bottazzi and Peri (2007). We
control for differences in endowments in both economies by using information on the skill
composition of the labour force. Concerning fiscal measures we concentrate on R&D tax
credits as measured by the OECD B-index.

A choice has to be made on the type of endogenous growth model we want to use for
this exercise. |[Aghion and Howitt| (2006)) distinguish three main endogenous growth para-
digms. The first version is the AK-theory, which is a neoclassical growth model without
imposing diminishing returns on capital. The second version of endogenous growth models
followed the product-variety paradigm (see Romer| (1990))) in which innovation generates
endogenous productivity growth by creating new varieties of products. The third par-
adigm arises from industrial organization theory (see Aghion and Howitt (1992, 1998)),
and it is commonly referred to as "Schumpeterian" growth theory. This paradigm in-

volves the Schumpeterian notion of creative destruction via focusing on quality improving



innovations which forces obsolete products out of the market. Recent models of directed
technological change developed in Acemoglu (1998, 2002 and 2007) can be considered as
new paradigm in which the direction of technological change is also endogenized.

The product-variety paradigm along with some earlier R&D based models in the liter-
ature shares the prediction of empirically unjustified scale-effects: if the level of resources
devoted to R&D - for instance measured by the number of scientists engaged in R&D -
is doubled, then the per capita growth rate of output should also double in the steady
state. Jones (1995, 2005) offers an alternative setting for the product-variety paradigm,
a semi-endogenous growth model which is free from the inconsistent scale-effects. In this
paper we extend the Jones model to capture the endogenous development of R&D. The
preference for semi-endogenous growth models to fully endogenous structures is also sup-
ported by |Bottazzi and Peri (2007) which finds evidence of weak scale effects as implied
by semi-endogenous models of growth. In addition to the R&D framework, our model
also includes the disaggregation of labour into three skill-groups (low-, medium,- and
high-skilled) in order to capture differences in human capital endowments.

The paper is structured as follows. We begin with a description of the model, followed
by a section that provides details on the calibration. The next section presents the
simulation results to identify the possible sources for the productivity gap between the

EU and the US and the final section concludes.

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 pro-
duced by the R&D sector and license them to the intermediate goods producing firms.
The intermediate sector is composed of monopolistically competitive firms which pro-

duce intermediate products from rented capital input using the designs licensed from the
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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 h € [0,1]. A share (1 — ¢)
of these households are not liquidity constrained and indexed by ¢ € [0,1 —¢]. They
have access to financial markets where they can buy and sell domestic assets (government
bonds), accumulate physical capital which they rent out to the intermediate sector, and
they also buy the patents of designs produced by the R&D sector and license them to the
intermediate goods producing firms. Non-liquidity constrained households offer medium
and high skilled labour services indexed by s € {M,H}. The remaining share ¢ of
households is liquidity constrained and indexed by k € [1 — ¢, 1]. These households can not
trade in financial and physical assets and consume their disposable income each period.
Members of liquidity constrained households offer low-skilled labour services only. For
each skill group we assume that 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.

2.1.1 Non liquidity constrained households (medium-, and high-skilled)

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 (C?), and labour supply (L!), the purchases of investment good (.J}),
the renting of physical capital stock (K7), the purchases of new patents from the R&D
sector (J/*"), and the licensing of existing patents (A¢), and receives wage income (W}),

unemployment benefits (bW, ’S), transfer income from the government (7'R:),and interest

! Notice, the households only make a decision about the level of employment but there is no distinc-
tion on the part of households between unemployment and non-participation. It is assumed that the



income (i, i and 4#!). Hence, non-liquidity constrained households face the following
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The budget constraints are written in real terms with the price for patents P/ and wages
W normalized with 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, Zjvzl PR% and Z]Atl PR}

2 1> where N and A; denote the

number of firms in the final and intermediate sector respectively. As shown by the budget
constraints, all households pay t¥ wage income taxes and ¢ capital income taxes less tax
credits (7% and 74) and depreciation allowances (t/6*and t/<§*') after their earnings on
physical capital and patents. There is no perfect arbitrage between different types of
assets. Also, when investing into tangible and intangible capital the household requires
premia rpX and rp? in order to cover the increased risk on the return related to these

assets. We define the real interest rate r; as equal to the nominal interest rate minus

government makes a decision how to classify the non working part of the population into unemployed
and non participants. The non-participation rate N PART must therefore be seen as a policy variable
characterising the generosity of the benefit system.



expected inflation: r, = i, — Ey(m441)-
The utility function is additively separable in consumption (C?) and leisure (1 — L}*).

We assume log-utility for consumption and allow for habit persistence.

U(C)) = (1 — habe)log (C; — habeC,_,) . (2a)

For leisure we assume CES preferences with common labour supply elasticity but a skill
specific weight (ws) on leisure. This is necessary in order to capture differences in em-

ployment levels across skill groups. Thus preferences for leisure are given by

Ws

V(1- L") = (1—Ly")', (2b)

1—k

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

which are given by

ry () = 2 21 gy )
TN g K T 2

We denote with P the corresponding utility based deflator for the C' and J aggregate.

The first order conditions of the household with respect to consumption, financial and

real assets are given by the following equations:
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Using the arbitrage conditions and neglecting the second order terms, investment is given



as a function of the variable ¢!
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where ¢! is the present discounted value of the rental rate of return from investing in real

assets
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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 (7%, ;).

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

R&D sector (I/') and rent their total stock of design (A;) at rental rate i/ to intermediate

goods producers in period ¢. Households pay income tax at rate ¢ton the period return

of intangibles and they receive tax subsidies at rate 7. Hence, the first order conditions

with respect to R&D investments are given by
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Therefore the rental rate can be obtained from , and after neglecting the

second order terms:
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A
where 1+ 7, = %.
Equation @ 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 £ is thus determined by the net wage income

plus net transfers

(1+)0r =Y ((1 - t;"’L> WELLEE £ plWEL (1 — NPARTH — Lf’L)> +TRE. (7)

S

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 (1/n}") over the
reservation wagd’}

The reservation wage is given as the marginal utility of leisure divided by the corre-
sponding marginal utility of consumption. The relevant net real wage to which the mark
up adjusted reservation wage is equated is the gross wage adjusted for labour taxes, con-
sumption taxes and unemployment benefits, which act as a subsidy to leisure. Thus the

wage equation is given as

h,S s w,s s
Uil 1 WL =47 — b))

vge ol (L)

for h € {i,k} and s € {L, M, H}. (8)

2.1.4 Aggregation

The aggregate of any household specific variable X in per capita terms is given by
1
X, = /Xthdh = (1 —€) X] +eX], (9)
0

Hence aggregate consumption and employment is given by

Cy=(1—¢€)Cl 4 eCF (10)

2The mark-up depends on the intratemporal elasticity of substitution between different types of labour
o, 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 7% to wage inflation in the previous period

n =1-1/0, —yw/o, [B(sfwrfyy — (1 - sfw)miy) — mf'].



and

L= (1—¢)Li+eLr. (11)

2.2 Firms
2.2.1 Final output producers

Since each firm j (j = 1,...., N) 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 o¢. Final output (Y7)
is produced using A varieties of intermediate inputs (z) with an elasticity of substitution
1/(1 — 0). The final good sector uses a labour aggregate and intermediate goods in a

Cobb-Douglas technology, subject to a fixed cost F'C

l1—«a

Ay

Yi=(Lj,)" (Z (;L-g‘,t)") o FC, 0<0<1 (12)

i=1

with

L o=t L a1 L op=1\ o1
Ly; = <8£L (GfLLf) L+ st (efMLéw) oL +s}}fy (efHLfY) 7L ) ) (13)

Parameter s, is the population share of labour-force in subgroup s (low-, medium- and
high-skilled), L* denotes the employment rate of population s, ef; is the corresponding ef-
ficiency unit, and o, is the elasticity of substitution between different labour types. Note
that high-skilled labour in the final goods sector, LZY is the total high-skill employ-
ment minus the high-skilled labour working for the R&D sector (L4). The employment
aggregates L; combine varieties of differentiated labour services supplied by individual

household

1 og—1
ogs—1

L= / (Lf’h> dn| . (14)

0

The parameter os > 1 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

Ay
PRI = PIY] — (WELIY + WY LY WL ) =3 (pryad)) . (15)

i=1
where pz;; and mft are the price and volume of intermediate inputs and W, is a wage
index corresponding to the CES aggregate L7°. All prices and wages are normalized with

P, the price of domestic final goods. In a symmetric equilibrium, the demand for labour

and intermediate inputs is given by

Y. L I
a—t( Y;) Cslteftt p,=Ws, se{L M H} (16a)
LY,t L;
Ay , -1
' 0—1
P = n:(1 — )Y (Z (xg,t) ) (xi,t) (16b)
=1

where 7, =1 —1/0¢.

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 F'C'y to overcome administrative entry barriers. Capital inputs are also rented
from the household sector for a rental rate of iX. 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 (16b)).

3See (Grossman and Helpman| (1991) and [Aghion and Howitt| (1998).

4Butler 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.
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Each intermediate firm solves the following profit-maximisation problem
PRit = aX {paji,t:vm — ifki’t — iAPtA — FCA} . (17)

Subject to a linear technology which allows to transform one unit of capital (k;) into one

unit of an intermediate good

In a symmetric equilibrium the first order condition is

Ay -1
N 0—1 .
on,(1 — a)Y <Z (:Ugt) > (x,) " =i (19)
i=1
Intermediate goods producers set prices as a mark up over marginal cost. Therefore prices

for the domestic market are given by:

iy
PXt = pxi,t = 7 (20)

The no-arbitrage condition requires that entry into the intermediate goods producing

sector takes place until

PRY, = PRy =i} P} + (i} + w1) FCa, Vi (21)

For an intermediate producer, entry costs consist of the licensing fee i#* P for the design
or patent which is a prerequisite of production of innovative intermediate goods and a

fixed entry cost F'C'4.

2.3 R&D sector

Innovation corresponds to the discovery of a new variety of producer durables that pro-
vides an alternative way of producing the final good. The R&D sector hires high-skilled

labour (L4) and generates new designs according to the following knowledge production
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function:

AA, = vAY SA? | (LEA). (22)

In this framework we allow for international R&D spillovers following Bottazzi and Peri
(2007). Parameters w 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. Note that ¢ = 1
would give back the strong scale effect feature of fully endogenous growth models with
respect to the domestic level of knowledge. Parameter v can be interpreted as total factor
efficiency of R&D production, while A\ measures the elasticity of R&D production on the
number of researchers (L4). The international stock of knowledge grows exogenously
at rate g4v. We assume that the R&D sector is operated by a research institute which
employs high skilled labour at their market wage W*. We also assume that the research
institute faces an adjustment cost of hiring new employees and maximizes the following
discounted profit-stream:

muE:@OTA&—WfM“—%$WﬂAMMV> (23)
t=0

HA
Lt

therefore the first order condition implies:

ApA 2

tL{{A

=WH +~, (WAL — dWH ALY (24)

t+1 t+1

where d, is the discount factor.

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
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BEN, =Y b;W;(1— NPART; — L}), (25)

where the benefit replacement rate b; can be indexed to consumer prices and net wages

in different degrees according to the following rule
b= b [(1+0)] (1= #"), 0<xx" <1, (26)

The government provides subsidies (5;) on physical capital and R&D investments in the

form of a tax-credit and depreciation allowances

Sy =ty (XK + 6 PAA) R 4 AP (27)

Government revenues RS are made up of taxes on consumption as well as capital and

labour income. Government debt (B;) evolves according to
B,=0+r)B;,_1+G,+TR,+ BEN, + S, — RS —TF®. (28)

There is a lump-sum tax (7}*°) used for controlling the debt to GDP ratio according to

the following rule
ATES = 7B B _ bl ) + 7PEEA B (29)
t Y }/t )

t—1

where b is the government debt target.

2.5 Determinants of the long run level of labour productivity,

R&D share and skill premia

We use a slightly simplified version of the model with unit elasticity of substitution be-
tween skills, only two skill groups and inelastic supply of labour to derive the steady state
solutions for productivity, the R&D share and the skill premium (see the Appendix 1 for
a detailed derivation).

The most important determinant of labour productivity in this model is total factor
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productivity, represented by the variable A. In the steady state, A is a positive function
of the amount of labour devoted to research (see eq 22). As shown in the appendix the

share of high-skilled labour devoted to R&D is given by

(30)

SL,A/Y(mpfvmp”b a, fcau ga, n

| Mi- oty ) =) =rga
) T -
© ) O @ EE

)y ar—(mp;(1—a)—a)ga—anl+ fe,

Eq. shows that the share of R&D workers is highly dependent on the goods market
condition in the intermediate production sector, while mark ups in the final goods sector
do not have an impact on the allocation of resources into R&D.

Eq. suggests that a shift of resource towards R&D requires an increase of the
mark up in intermediate production. In the intermediate sector positive mark ups are
required to cover the fixed costs associated with the acquisition of a patent which is a
prerequisite for market entry. What is relevant for entry of new firms is the size of profits,
which is a positive function of the mark up and the scale of production (i. e. it is inversely
related to the number of intermediate producers). Why does a reduction in the mark up
in final goods production not lead to an increase in A7 The reason is that there are various
opposing forces at work. First increased competition in the final goods sector increases
demand for intermediates and for labour. This increases profits in the intermediate sector
but it also increases the price of patents because of an increase in wages. The net result
is that each incumbent firm is increasing production of the intermediate good but there is
no additional entry. Thus increasing competition in the final goods sector also increases
productivity, however this occurs via an increase in capital intensity and not via an
increase in TFP (see Appendix 1, egs. and As can also be seen from eq. ,
a reduction in entry barriers (fc,) and an increase in R&D subsidies (7) shifts labour
from production into research. In order to calculate productivity we first note that we
can express A as a positive function of the share of high skilled workers (L) and the

share of high skilled workers devoted to R&D (s, 4/y)

% As shown in the appendix, decreasing the final goods mark-up will always lead to higher output per
capita, however the effect of intermediate mark-ups is not straightforward.
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However for total economy labour productivity there is a trade off between high skilled
workers devoted to research and production, i. e. shifting labour to research reduces the
efficiency of the labour aggregate in final production. As shown in the appendix we arrive

at the following expression for labour productivity

A
1-¢

o9

o_1 11—« ay
p(L=6=0) )37 (Bn(1—a)\ T s (sule \* (sl
S e S D b hLA Sl 1 — o
Y ( AN t r+0 ( SH) 1+5L,A/Y 1+ 1

SL,AJY

Similarly the skill premium depends crucially on the share of workers in R&D pro-
duction. A high demand of R&D workers reduces the supply of high skilled workers in
the final goods production sector where relative wages are determined. As shown in the

appendix, relative wages between high and low skilled workers can be expressed as follows

WH . (052 LtLY (6522 (LtLY(l +8L7A/y))

YL . THY H
WL aLLt arg, Lt

3 Identifying structural differences between the EU

and the US

3.1 Goods Market

The productivity gap between the US and the former EU15, as measured by GDP per
hour worked, amounted to 13% on average between 1998 and 2007} We identify the
intermediate sector as the manufacturing sector and the final goods sector as the ag-
gregate of all sectors without manufacturing. The manufacturing sector resembles the

intermediate sector along various dimensions. First, this sector is more R&D and patent

6We focus here on the differences between the two regions. There are sizeable differences across the
member states of the former EU15 and across states in the US but the variation in GDP per capita across
EU15 member states is actually slightly lower than the variation across US states, when Luxembourg
and the District of Columbia are excluded.
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intensive, second, a large fraction of manufacturing supplies innovative goods (in the form
of investment goods but also innovative consumer goods). Final goods sectors, including
services, on the other hand are typically not subject to large (patented) innovations but
rely on organisational changes possibly in relation to new technologies supplied by the
manufacturing sector. A good example in this respect is the ICT investment driven pro-
ductivity 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 final goods sectors. For calculating mark ups we use a
method suggested by Roeger| (1995)). There are marked differences between the US and
the EU. We find substantially higher mark ups in final goods in the EU15 (24% vs. 20%)
while mark ups in manufacturing are slightly lower in the EU15 (11% vs. 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 comes out even clearer
in earlier work by |Oliveira Martins and Price| (2004) which shows that sectors with high
R&D intensities tend to have higher mark ups. Again the US belongs to the group of
countries with the highest mark ups.

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)). Section 1 of this paper
stresses especially entry barriers in the intermediate goods (manufacturing) sector as
being detrimental for innovative activities. 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
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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.

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
and Rin/ (2002)). Even though venture capital financing has also become popular in the
US it still only amounts to 0.12% of GDP compared to 0.19% in the U} 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 risk premiaf] However we can
use the model together with all the other observable information to calculate a country
specific risk premium. Using the free entry condition (eq[21]) and eliminating P/ by using

the definition of the R&D share allows us to express the risk premium as

AN (1 - 9) (1 - a) 7TA,thA (1 - TA)(it - 7Tfr4+1 + 5A) — 54
T A (L fea) (Lt fea) (1 tK) ’

where rdi; is the R&D-intensity: total R&D expenditure of the intermediate sector
in percentage of GDP] Our calibrated risk-premia for the EU15 is significantly higher
then the one obtained for the US (2.5% vs. 1.6%). Is a 100 basis point difference in
the risk premium a plausible number? Some recent research on the effects of capital
market integration in the EU have used the US as a benchmark. Hardouvelis et al.| (2004)

reports remaining differences of 100BP, while Baele et al.| (2004) estimates that equity

"These figures are calculated as an average over the period 2004-2006 (source: 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.

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

9See Appendix 2.
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and corporate bond risk premia differ by about 50BP after coming down by about 100BP.

3.3 Knowledge production technology

Empirical evidence on output elasticities has recently been provided by |Bottazzi and
Peri (2007) and [Pessoal (2005). The growth rate of ideas were obtained from Pessoa
(2005) with the assumption of a 5% obsolescence rate. Pessoa (2005) also estimated
the semi-endogenous idea-production function for 21 OECD countries. In our model
the R&D elasticity of research labour (A) is determined by the wage cost share in the
total R&D spending. Our calibrated values for the elasticity of research labour (\), 0.40
and 0.44 respectively, and the stock of domestic intangible capital (¢), 0.62 and 0.70
resp., are very close to the ones reported in Pessoa (2005) (0.447 and 0.642 respectively).
According to the empirically given and calibrated parameters (see Table the US exhibits
a more efficient knowledge production technology as measured by the output elasticity of
production workers and the stock of domestic knowledge capital (A). Nevertheless, the EU
can achieve similar TFP growth rates because of higher technology spillover parameters
(see the Appendix for a more detailed discussion of the calibration). We set the level of
domestic stock of knowledge for the EU at 1 and the US domestic stock of knowledge
30% higher, at 1.3 which roughly corresponds to the US vs. EU ratio of the number of

patents in force registered by the WIPO in 20057

3.4 Labour market and the skill composition of the labour force

We use information from DG ECFINs macroeconomic model QUEST III (see Ratto et al.
(2009)) to calibrate the labour market in the two regions. The estimates show a higher
labour supply elasticity in the case of the US. This together with higher labour taxes
and a higher value for leisure in the EU explains a higher employment rate in the US.
Labour force is disaggregated into three skill-groups: low-, medium- and high-skilled

labouIE]. Data on skill-specific population shares, participation rates and wage-premia

102005 is the latest available year for most of the EU member states in the World Intellectual Property
Organization (WIPO) database.

'We define high skilled workers as that segment of the labour force that can potentially be employed in
the R&D sector, i. e. engineers and natural scientists and we take the high-skilled wages in the education
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are obtained from OECD) (2006), the Labour Force Survey and Science and Technology
databases of EUROSTAT. The elasticity of substitution between different labour types
(o) 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 to fit the US and the EU production functions with the data.
The other efficiency units are restricted by the labour demand equations which imply the
following relationship between wages, skill-specific population and employment ratios, and

efficiency units:

3.5 R&D subsidies and taxes

The empirical evidence provided by Warda (1996 and 2006) indicates an average of 5
percentage point higher rate of R&D subsidies for the US based on the B-index['?| Larger
differences can be found in the case of labour taxation, with substantially higher tax rates

in the EU compared to the US (see EUROSTAT and |Coenen et al.| (2007))).

sector as proxy for the wage level of the R&D labour.
12See Appendix 3 for more details on the B-index and how it relates to tax parameters in the model.
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Table 1: EU15 - US Parameter Comparison

EU15 US  Source
R&D sector
LA 0.007 0.011 EUROSTAT/OECD
R&D intensity (%) 1.908 2.670 EUROSTAT/OECD
Stock of "ideas" (A) 1.000 1.300 WIPO (US-EU ratio of patents in force)
A 0.398 0.441 calibration (constrained by equations)
o 0.619 0.704 Bottazzi-Peri (2007)
19 0.363 0.279 Bottazzi-Peri (2007)
(R&D efficiency) 0.082 0.090 calibration (constrained by equations)
Intermediate sector
markup 0.11  0.12 ECFIN
risk-premia on intangibles
(on annual basis) 0.025 0.016 calibration (constrained by equations)
fixed entry costs 0.31  0.02 [Djankov et al. (2002)
Final goods sector B
mark up 0.242 0.205 own estimates
Skill distribution
SL, 0.339 0.121 EUROSTAT/OECD
SnM 0.592 0.803 EUROSTAT/OECD
SH 0.069 0.076 EUROSTAT/OECD
Employment rates
LF 0.575 0.654 EUROSTAT/OECD
M 0.757 0.841 EUROSTAT/OECD
L 0.842 0.944 EUROSTAT/OECD
oL 1.400 1.400 Katz and Murphy (1992))
(elasticity of. substitution)
L 0.699 0.827 EUROSTAT/OECD
Skill premium % 34.60 39.00 EUROSTAT/OECD
(high vs. medium)
Skill premium % 23.27 49.25 EUROSTAT/OECD
(medium vs. low)
Efficiency levels
efr 0.183 0.126 calibration (constrained by equations)
efu 0.381 0.511 calibration (constrained by equations)
efy 1.08 1.618 calibration (constrained by equations)
Taxes and subsidies
B-index 0.98 0.93 Warda (2006)
Labour taxes 0.44 0.29 EUROSTAT/Coenen et al.| (2007)
Labour Market B
Labour adjustment cost 18 10 own estimates
(% of total add. wage costs)
Labour supply elasticity (1/k) 1/4  1/.8 own estimates

Table [1] shows that the US has higher employment rates in all three skill categories.

In terms of skill composition, the US skill distribution is more tilted towards high skilled
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workers. The large difference of the corrected efficiencies of high skilled labour between

US and EU27 are explained by the almost three times higher skill premia in the US.

4 Simulation results

This section tries to account for three stylized differences between the US and the EU15,
namely the productivity gap, the higher share of R&D spending and the higher skill
premium. Productivity per hour worked in purchasing power parities in the US exceeded
the EU15 level by 13% between 1998-2007. R&D intensity was 0.76%p higher in the US

and the gap in skill premia for high- versus medium-skilled workers was 4.4% .

4.1 Changing mark ups

Our estimates suggest that the US mark up in manufacturing exceeds the mark up in the
EU15 by 1% point. As shown in Table [§] this difference has a negligible effect on pro-
ductivity but explains some of the difference in R&D intensity. Notice, in our framework,
mark ups are required to cover fixed costs from innovative activities. Higher mark ups
thus stimulate entry of new innovative firms and therefore the demand for R&D. However,
higher mark ups and therefore higher prices also exert a negative effect on the demand for
incumbents, the demand for physical capital declines. Because of these offsetting effects
a change in markup in manufacturing does hardly have any productivity effect. Higher
mark ups in US manufacturing do however explain 0.12% points of the difference in R&D
intensity which is more than 15% of the gap with the US, and also explain a small fraction
of the high skilled skill premium (see Table [2)).

Product market competition in the final goods sector explains a larger fraction of the
productivity gap, namely 2.9%. As discussed in section 2.5, the higher factor demand
generated by higher competition in final output production leads primarily to a higher
level of physical capital while the long run level of TFP only changes slightlyr_gl (see Table

3). It is interesting to note that the (nominal) R&D share also increases slightly in this

13In contrast to the theoretical discussion in section 2.5 and the appendix, there is a slight increase in
TFP because increased competition also increases labour supply of high skilled workers.
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case. This is to a large extent the result from an increase in wages, or the skill premium

which leads to an increase in the relative price of R&D.

Table 2: Increasing the mark-up in the intermediate good sector to US-level (11% to 12%)

Years 1 5 10 15 20 30 50 100 200
GDP -0.09 -0.25 -0.30 -0.34 -0.36 -0.38 -0.34 -0.17 -0.02
"Ideas/Patents" 0.03 0.52 1.17 1.76 231 3.26 4.72 6.72 7.86
Capital -0.01 -0.21 -0.44 -0.63 -0.76 -0.94 -1.07 -0.99 -0.80
Employment 0.04 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02 -0.02
-low 0.02 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
-medium 0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.03
-high -0.20 -1.01 -1.03 -1.00 -0.98 -0.94 -0.88 -0.80 -0.75
-R&D 3.70 849 838 816 796 762 711 645 6.09
Consumption 0.00 -0.01 -0.05 -0.08 -0.10 -0.11 -0.07 0.11 0.26
Investment -0.26 -0.76 -0.88 -0.96 -1.01 -1.08 -1.09 -0.95 -0.79
Wages -0.03 -0.08 -0.14 -0.18 -0.20 -0.22 -0.19 -0.05 0.09
-low -0.06 -0.17 -0.23 -0.26 -0.28 -0.30 -0.27 -0.12 0.02
-medium -0.06 -0.16 -0.21 -0.25 -0.27 -0.28 -0.25 -0.11 0.03
-high 0.16 0.58 0.51 046 042 037 036 045 0.56
R&D price 6.16 558 4.87 423 366 272 136 -031 -1.17
Int. price 029 020 034 045 053 066 078 082 0.78

R&D intensity 0.14 0.17 0.17 0.17 0.16 0.16 0.14 0.13 0.12

Table 3: Decreasing the mark-up in the final good sector to US-level (24.2% to 20.5%)

Years 1 5) 10 15 20 30 50 100 200
GDP 0.55 119 136 162 184 219 261 299 3.09
"Ideas/Patents" 0.02 0.15 0.23 0.30 037 050 0.72 1.08 1.32
Capital 0.06 094 180 246 299 3.79 4.74 554 5.74
Employment 0.43 052 027 0.25 024 024 023 0.23 0.23
-low 0.41 0.39 -0.13 -0.20 -0.20 -0.20 -0.18 -0.16 -0.16
-medium 0.43 0.60 043 042 042 040 039 0.37 0.37
-high 0.30 0.14 0.12 0.12 0.11 0.10 0.09 0.08 0.09
-R&D 1.80 1.39 1.03 104 1.07 110 1.13 1.10 1.04
Consumption 0.16 0.30 0.51 0.77 097 129 1.68 2.03 2.13
Investment 1.33 3.13 334 369 4.00 449 509 5.60 5.74
Wages 1.11 347 3.88 414 434 4.67 506 541 5.50
-low 1.06 3.56 4.18 446 4.66 497 535 5.68 bH.78
-medium 1.10 340 3.75 399 420 453 493 5.28 5.38
-high 1.30 3.74 397 422 443 4.75 515 5.50 5.59
R&D price 5.12 439 447 4.67 485 510 535 540 5.28
Int. price 1.35 217 168 138 1.14 0.79 0.39 0.08 0.00

R&D intensity  0.10 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.06
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4.2 Reducing administrative start up costs

In this simulation we account for a 95% reduction in EU entry costs. According to our
simulations (see Table [4)), entry barriers explain a productivity gap of around 1.4% and
about 40% of the lower EU R&D share. Decreasing entry costs lowers the profit require-
ment for intermediate producers and thus increases entry of new firms. Increased demand
for patents increases the demand for high skilled worker and leads to some relocation of
high skilled workers from production to the R&D sector and an increase in the wage of
high skilled workers and thus explains a small fraction of the difference in the skill pre-
mium of high skilled workers. Despite the wage increase, the price for patents falls because
of a productivity improving effect emanating from higher knowledge capital. Reducing
entry barriers is a more efficient way of increasing productivity and knowledge investment
compared to an increase in mark ups because the former does not lead to an increase in

the price of intermediate goods.

Table 4: Decreasing the entry costs of the intermediate sector to the US-level

Years 1 ) 10 15 20 30 20 100 200

GDP -0.04 -0.11 -0.06 0.00 0.06 020 047 1.00 1.43

"Ideas/Patents"  0.06 1.03 234 357 4.72 6.80 10.17 15.36 18.98
Capital 0.00 -0.04 -0.09 -0.11 -0.11 -0.06 0.15 0.70 1.23

Employment 0.02 002 002 0.01 0.01 001 0.00 -0.01 -0.01
-low -0.01 -0.01 0.00 -0.01 -0.01 -0.02 -0.02 -0.02 -0.01
-medium -0.01 0.01 0.02 0.01 001 0.01 0.00 -0.01 -0.01
-high -0.49 -2.03 -212 -2.09 -2.07 -2.03 -196 -1.86 -1.80
-R&D 750 1745 1751 1730 17.09 16.73 16.16 15.32 14.77
Consumption -0.06 -0.08 -0.02 0.05 011 026 054 1.07 149
Investment -0.04 -0.16 -0.16 -0.13 -0.09 0.02 0.27v 080 1.25
Wages 0.06 013 0.18 0.23 029 041 065 1.12 1.49
-low 0.00 -0.02 0.02 0.08 013 026 051 098 1.35
-medium -0.01 -0.04 0.00 0.06 012 024 049 097 135
-high 043 152 156 1.60 164 173 193 234 2.67
R&D price 12.77 11.69 10.52 946 851 687 440 1.00 -1.13
Int. price -0.03 -0.04 0.03 0.08 0.12 0.17 0.20 0.14 0.03

R&D intensity 029 036 036 035 035 034 033 031 0.30
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4.3 Reducing risk premium on intangible capital

The simulation in Table [5|is designed as a 36% reduction in the risk premium of intangible
capital. Similar to start up costs, the financial friction constitutes an entry barrier by
requiring a higher discount rate for intermediate goods producers. The effects of reduc-
ing the risk premium on intangible capital are similar to a reduction of start up costs.
Our calibration suggests that financial frictions are nearly as important for explaining

productivity and knowledge investment differences than administrative start up costs.

Table 5: Decreasing the risk premia on intangibles to US-level

Years 1 5 10 15 20 30 50 100 200
GDP -0.04 -0.11 -0.06 0.00 0.07 021 048 098 1.34
"Ideas/Patents"  0.07 1.06 239 3.63 4.77 6.79 9.96 14.45 17.15
Capital 0.00 -0.04 -0.09 -0.11 -0.11 -0.05 0.16 0.70 1.16
Employment 0.03 0.02 0.02 001 0.01 0.00 0.00 -0.01 -0.01
-low -0.01 -0.01 0.00 -0.01 -0.01 -0.02 -0.02 -0.02 -0.01
-medium -0.01  0.01 0.02 0.01 001 0.01 0.00 -0.01 -0.01
-high -0.50 -2.07 -2.13 -2.08 -2.04 -197 -1.8 -1.70 -1.61
-R&D 7.72 1776 17.61 17.21 16.85 16.22 15.26 13.96 13.21
Consumption -0.04 -0.08 -0.02 0.05 0.12 027 054 1.04 1.39
Investment -0.05 -0.17 -0.16 -0.13 -0.08 0.03 0.28 0.79 1.18
Wages 0.05 0.14 0.18 023 029 041 0.64 1.08 1.39
-low 0.00 -0.02 0.02 008 014 027 051 095 1.26
-medium -0.01 -0.04 0.01 006 012 025 049 094 1.26
-high 044 154 157 159 161 1.68 1.85 2.18 2.43
R&D price 13.14 1192 1061 943 839 6.61 4.01 0.65 -1.19
Int. price -0.03 -0.03 0.03 008 013 0.18 0.20 0.13 0.03

R&D intensity 030 037 036 035 034 033 031 028 0.27

4.4 R&D subsidies

Differences between Europe and the US concerning R&D subsidies are small. OECD esti-
mates (see Warda (1996, 2006)) suggest that the subsidy rate for R&D is about 5% points
higher in the US in terms of the B-index. Because of positive externalities associated with
R&D investment (in particular due to the positive effect of the knowledge capital stock
for R&D output), increasing subsidies in the EU to US levels would further close the
productivity gap between Europe and the US and raise the R&D expenditure share (see

Table @ Subsidising R&D also increases wages/skill premium of high skilled workers,
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suggesting the presence of crowding out effects. This is consistent with empirical evidence

reported by (Goolsbee (1998).

Table 6: Increasing the R&D subsidies to the US-level

Years 1 5 10 15 20 30 50 100 200
GDP 0.00 -0.02 -0.01 0.01 0.03 0.06 0.13 0.26 0.34
"Ideas/Patents" 0.02 0.27 0.60 0.90 1.18 1.67 241 3.43 4.00
Capital 0.00 -0.02 -0.03 -0.03 -0.03 -0.01 0.05 0.19 0.30
Employment 0.01 0.01 001 001 001 001 001 001 0.01
-low 0.01 0.04 005 005 005 005 004 0.04 0.04
-medium 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01
-high -0.11 -0.50 -0.52 -0.51 -0.49 -0.47 -0.44 -0.41 -0.38
-R&D 1.90 430 4.25 4.15 4.05 3.89 363 330 3.12
Consumption 0.00 -0.01 0.00 0.02 004 008 0.15 0.27 0.36
Investment -0.02 -0.05 -0.04 -0.03 -0.01 0.02 0.08 0.21 0.30
Wages 0.01 0.03 0.04 005 007 010 0.16 027 0.34
-low -0.01 -0.03 -0.03 -0.01 0.00 0.04 0.10 0.21 0.29
-medium 0.00 0.00 0.01 002 004 007 014 025 0.32
-high 0.11 037 038 038 039 041 045 0.53 0.59
R&D price 3.20 292 261 232 207 163 098 0.14 -0.31
Int. price 0.01 0.00 0.01 003 004 005 0.05 0.03 0.01

R&D intensity 0.07 0.09 0.09 0.08 0.08 0.08 0.07 0.07 0.06

4.5 Discussion of results (sensitivity analysis)

Our results show a clear ranking of those factors which can partially explain the three
stylised differences between the EU15 and the US.

Along the productivity dimension, the most important factor appears to be mark up
differences in final goods production. Entry barriers and risk premia in the financing of
start ups are significant as well and about equally important. Less important are differ-
ences in R&D subsidies. The four factors explain about half of the labour productivity
gap between the EU and the US. There are other important differences between the EU
and the US, which we have identified in our calibration, such as differences in the skill
composition of the labour force and differences in the efficiency of individual skill groups.
The US has a larger share of high skilled workers and high skilled workers in the US have
higher efficiency levels. Both factors are likely to contribute significantly in explaining the
remaining productivity gap. These differences are likely to be related to differences in the

education system and migration policies which have not been the focus of our analysis.
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Knowledge investment (R&D intensity) is to a large extent explained by entry condi-
tions in intermediate goods production, i.e. both by differences in administrative entry
costs and financing conditions. Lowering entry barriers unambiguously increases the de-
mand for patents. Market structure in both final and intermediate goods production has
ambiguous effects on knowledge investment. Increased competition in final goods pro-
duction increases both the demand for labour in production and for R&D labour via an
increase in the demand for intermediate goods, i.e. it does not lead to a relocation of
resources from production to research but only has an effect on research via an increase
in the supply of labour. An increase in the mark up of intermediate goods increases the
demand for patents because it increases the present discounted value of profits in interme-
diate goods production, but since it is associated with an increase in intermediate goods
prices there is a reduction of demand for intermediates, which partly offsets the positive
effect from increased profits.

The factors explaining knowledge investment also explain the skill premium between
high skilled and medium skilled workers. In particular the increase in the intermediate
mark up and the reduction in risk premia explain this skill premium. [7]

Since there are large differences concerning labour supply elasticities and relatively
little information about elasticity of substitution between skills, the appendix contains
a sensitivity analysis w.r.t. these two parameters. It is shown that our results are not

affected by changing the parameter values within plausible bands.

4The model is less successful in explaining the wage differentials between medium and low skilled
workers. But it must be kept in mind that the model has not been designed to analyse the skill premium
between these two types, which is determined to a large part by exogenous differences in their efficiency
levels.
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Table 7: Full structural change of the EU economy

Years 1 5 10 15 20 30 50 100 200
GDP 038 071 093 129 164 228 335 5.04 6.17
"Ideas/Patents"  0.20 3.02 6.72 10.16 13.34 19.00 27.96 40.99 49.25
Capital 0.05 063 1.15 158 199 273 4.02 6.14 7.61
Employment 053 056 030 027 026 024 022 0.20 0.20
-low 041 041 -0.09 -0.17 -0.19 -0.19 -0.18 -0.16 -0.14
-medium 044 061 044 043 041 039 036 0.33 0.31
-high -1.00 -5.47 -5.67 -5.56 -547 -5.30 -5.04 -4.68 -4.46
-R&D 22.59 49.33 48.74 47.81 46.97 45.50 43.23 40.08 38.19
Consumption 0.07 0.12 043 080 1.15 1.78 2.84 450 5.62
Investment 096 198 210 244 280 347 4.62 6.44 7.67
Wages 1.20  3.69 4.13 447 478 536 632 780 8.80
-low 098 331 397 434 466 524 6.20 7.69 8.68
-medium 1.02 3.16 3.55 3.89 421 480 579 732 833
-high 243 7775 799 824 849 894 973 10.98 11.83
R&D price 40.35 36.46 33.03 30.09 27.45 2291 16.08 6.89 1.49
Int. price 1.59 231 209 201 195 1.8 161 1.19 0.86

R&D intensity 091 106 1.04 1.02 1.00 097 092 086 0.82

Table 8: US-EU gaps explained by differences in exogenous variables
Y/L  Skill premium  R&D

high vs. intensity

medium
Increase mark up (intermediates) 0.00 1.76 0.12
Lower mark up (final goods) 2.85 0.27 0.06
Reducing entry barrier 1.43 0.71 0.30
Reducing risk premia 1.34 1.55 0.27
R&D subsidies 0.34 0.36 0.06
Total 5.96 4.65 0.82
Initial gap 13.00 4.40 0.76

5 Conclusions

Reaching approximately US levels of productivity and R&D spending are among the most
prominent Lisbon targets agreed by EU governments in the year 2000. This paper uses a
semi-endogenous growth model to identify possible sources for the productivity and the
R&D spending gap between the EU and the US as well as larger skill premia for high
skilled workers in the US. Identifying the main causes for these differences is a prerequisite

for defining possible reform areas which would contribute mostly towards closing these
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gaps. The analysis in this paper suggests that differences in the functioning of product
market are the main causes of productivity differentials between the EU and the US.
Another important obstacle to higher productivity levels are entry barriers in innovating
sectors. Reducing these would both increase the R&D share and labour productivity
in the long run. Another interesting result is the partial ambiguity between estimated
mark ups and innovation. While mark up estimates in the final goods production sector
can be seen as indicators of a lack of competition and a reduction of mark ups would
consequently increase productivity, the interpretation of mark ups in innovating sectors
is more complicated. In these sectors mark ups capture innovation rents and they must
therefore be seen as the outcome of innovative activities of firms, leading to products which
are more complicated to imitate by competitiors. The factors which explain productivity
and knowledge investment differentials between the US and the EU also explain the
difference in the skill premium between high and medium skilled workers. Our analysis
thus suggest that closing the productivity gap with the US would be associated with a
slightly larger wage inequality. The structural features we have concentrated on in this
paper can explain a significant share of the productivity gap between the EU and the
US. Our model calibration also shows that there are other differences between the two
economies related to human capital endowments, in particular a larger share of high skilled
workers and a larger efficiency dispersion across skill groups in the US. These are largely
orthogonal to the structural features and policies we have concentrated on in this paper
and are most likely related to differences in education and migration policies. Assessing

the impact of these differences would be an interesting task for future research.
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Appendix 1. Deriving the steady-state R&D share
and the determinants of labour productivity

The Economic Environment

For illustration purposes we consider a simplified structure of the original economic model
with two types of labour, low- and high-skilled and Ricardian households with inelastic
labour supply.

We assume that monopolistically competitive firms in the final goods sector use an A,
variety of intermediates and an aggregate (L) of the low- and high-skilled labour types
L™ and L”Y in the production process

Ay (1-a)/0
Y, = ( / xt(i)edz) Ly (A1)
0
with unit elasticity of substitution between skills
Ly = (L) (L), ap+ag =a.
High-skilled workers can work in the final goods and the R&D sector (LI4):
L =L + L

and the total labour force grows exogenously:

LY 4 LY 4 LA = [, = Lye™. (A2)

Tangible and intangible capital accumulation follow:

At

K - / z(i)di, (A3)
0

Kt == }/;—Ct—(SKt

Ay = vAVEA? (LY (Ad)
The representative household optimizes its utility function over time:
[ (Cy/L) 1
/Lt t/ 1t e s, p>n (A5)
—€

t

Demand of final goods sector for low and high-skilled labour are

Y,

H t

VVt = OZHUW
Y,

WtL = aLnLLtya (A6)
t

where 7 denotes the inverse gross mark-up in the final goods sector. Finally, the arbitrage
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condition of entering into the intermediate sector is

(1+ fe)PA = ﬂ, fea >0, (A7)

T—gpA

HA
where gp, = %;, fecq is the (constant) proportion of entry cost in terms of the price of
t

R&D products and 7 < 1 is the effective (possibly negative) tax- (subsidy) rate on profit
financed from lump-sum taxes.

Assume also that along the balanced growth path the domestic and foreign stock of
knowledge grows at the same rate: g4 = gaw

BGP growth rates

To solve for the balanced growth path growth rate of the economy, rewrite (A4l) and use
the time-derivatives

A, A

Lt qwE o1 ([ HAA = n. A8
Atl/tt(t)—h% 1_¢_Cn (A8)

From the symmetric structure of the model follows that

, K
i) = (A9)
for all varieties.
Therefore the aggregate production function can be rewritten as
1

Y, = AJLYK!™, o= <5 — 1) (1—a). (A1)

The constancy of the capital-output ratio then implies that the growth rate of output is
given by
o
gy = 94 +n. (A10)

Given the price of R&D designs, which is determined by equation (A7), the Research
Institute maximizes its profit when the marginal productivity equals to the real wage
paid by the institute:

PAA
ALttHAt = W or (A11)

A\PAguA, = WHLEA

Notice that along the balanced growth path the share of R&D in output, s4, is constant,
therefore:

PAA,
=_t-° A12
A=y (A12)
or equivalently
1 WHLHEA
Sp ==+ ——.
A Y;
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Dividing (A11)) by A; and differentiating we can solve for % = gp,:
t
PtA
— = — gA- Al13
The arbitrage equation can be rewritten as
(1—7)my
1+ fe) Pt = ———— . AT
( f ) t r— (gY . gA) ( )

Intermediate sector’s profit
The profit-maximization of the intermediate sector requires the following first order

condition:
(1—a)/0—1

i* = 0n(1 — a) ( /0 " xt(i)edz) LY 2, (i), (A14)

where from the symmetric structure of the model follows that

Y,
i = on(1 - a)?tt (A14)
and the intermediate sector’s profit is given by
Y,
ﬂt:n(l—Q)(l—a)Xt. (A15)
t

Steady state R&D intensity

Substituting (A15) into (A7) reveals:

—0)(1—-a)(1—7)%
1+ fept = 1= l(tgy _);i) i, (AL6)

Notice that P/ can be expressed from (A12) as P! = 34¥% — 34Xt and substitute it back

A¢ gaA
to (A16):
sa;  n(l—0)(1-a)(l-7)%
1+ fe, = L, A17
( d )gAAt r—(gy —ga) ( )
Therefore the steady-state R&D share, s4:
1—-0)(1— 1-— 1
o= 1A =0 (1= a)(1=7)ga (A18)

r—(gy — ga) 1+ feo
Let us denote the first part of the expression which is the R&D share without fixed costs
in the intermediate sector by s, s, and denote the final and intermediate sector’s mark-ups
by mpy and mp; respectively, where 1 +mp; = % and 1+mp; = %. Therefore we get from
(A18):
S (Snfxa fca) — onfz (Alg)

+) () L+ feo’
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where

( | (1= k) (1= @)1 = 7)ga
Spfe\MPrmp;, &, T ,44, N, =
e EHEE T i (mp (-1 = 1) ga—n

Equation and reveal that the steady state R&D share is determined by
- the mark-ups in the final and intermediate sector (mpys, mp;) ,

- the effective tax/subsidy of the intermediate sector (1) ,

- long-run growth-rate of population and ideas (g4, n) ,

- the equilibrium interest rate (r).

- the entry costs share (fc,).

Notice that Table [§] corresponds to the signs of the effects on the parameters above:
decreasing the mark up in the final, and increasing it in the intermediate sector indeed
increased the R&D share, higher subsidies resulted in higher R&D intensity and decreasing
the entry barriers had the strongest positive effect on R&D.

Steady state L74/L*Y ratio

To calculate the ratio of high-skilled labour devoted R&D relative to the final good sector’s
high-skilled employment we can use the assumption that wages are equal across sectors.

Then from (A6]) and (A12):

LAA  WHLEA  Xs,Y, A A1+ mpg)sa
SLA/Y = LHY - WH [ HY -
t ¢

any; an A «

We can rewrite this ratio as

Mi- oty ) =) =rga 4
ar— (mp; (1 —a) —a)ga—anl+ fe,

(A20)

SLA)Y =

Comparing and we can see a major difference between the "nominal" and
"real" ratio of resources devoted to R&D: the "real" ratio measured in terms of labour
does not depend on the final good sector’s mark-up (mpy) while the "nominal" R&D
intensity is decreasing in it.

Skill premium

From the ratio of high-skilled R&D employment relative to the final goods sector’s high-
skilled employment sy, 4/y, we can express LHEA as

LH
[HA = SLAYTE (A21)
T+ spav
and LAY:
LH
LY =— (A22)
T+ spav
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Using the first order conditions for employment in the final goods sector (egs. , the
skill premium is given by

WH_Oé_HLtLY _Oé_H Ltlly(].‘i‘SL,A/y)
WL ap LY ap LH

(A23)

This expression shows, the skill premium is proportional to the output elasticity of skill
specific labour in final goods production, it depends inversely on the relative supply of
skilled labour and it is a positive function of the real R&D share (and therefore all the
parameters which determine the real R&D share).

Labour productivity

First we determine the capital stock from the first order condition of the intermediate

sector: ) p
K — (n( —a) ) v
r+0

Therefore labour productivity is given by

) )

using (A1’) and (A3)). Along the balanced growth path, the stock of knowledge can be
obtained from (AS])

_1

At _ (iAéué ( SL7A/YL£{ ))\) e (A8’)
ga L+ spav
Denote % = sy and note that Liy = 1 ;S’Z f:/y and Lf“ = HSSH—LJ, therefore
w LAY oy
g = AF (M) T ) (H—L) “ (425)
T+ ) 1+ SL,A/Y

The balanced growth path saving rate sx can be obtained from (A3)) and (A14’) using

that % = r + 9.

(1l —a)(n+gp+9)
SK = " (A26)

Finally, combining (A25)) and (A8’ we obtain that output per capita along the balanced
growth path is a function of the structural parameters and proportional to the exogenously
growing labour force and the international stock of knowledge

V(1= 6—C) e\ oTF (On(1—a)\ '+ v [ sule \* [ suly
— (AT > pwe A Sl 1— o [ —
Yt ( AN t ) ( SH) 1+ SLAY 1+ 2

SLLAJY

(A27)
Note that decreasing the final good mark-up (increasing 7) will always lead to higher
output per capita. However the effect of intermediate mark-ups is not straightforward
because both ¢ and sp4 depends on the inverse of gross intermediate goods mark-up, 6.
One can show that the first order derivative of y; in terms of R&D labour share (sp4) is

36
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also not necessarily positive. However, under our calibration to the data both derivatives
are positive. Note that our simulation results also confirm these observations.
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Appendix 2. Calibrating Knowledge production para-
meters

The driving equation system of the semi-endogenous technological change in discrete time
setting can be summarized as

AA, = vAY SAY | (P4 ()
494 = (1+g,)70% (b)
A PAAA, =WH . LHA (c)
S PtAgAAt—l

let = T (d)

. A . Y:
iatP 4 (tar +mag) FCy =m, where m=n(1-10)(1— Q)Xt (e)

(=T -y + 00 — K A

ZA — (1 _ tK> + Tpt (f)
Kt = Atl’t (g)

The first equation is the spillover-augmented version of |Jones (1995) R&D production.
This form of R&D equation accounts for international spillovers almost identically to the
specification of Bottazzi and Peri (2007). Equation (b)) states the balanced-growth rela-
tionship between the growth of ideas ga(= g4« ) and population g, equation () shows the
first order condition of R&D production, equation @ is the definition of R&D-intensity:
total R&D expenditure of the intermediate sector in percentage of GDP. Equation @
states the free-entry condition between the profit of the intermediate sector (m;), and the
per unit price of R&D inventions (P4) and the fixed (entry) cost FC4. Equation (f)
defines the rental rate of intangible capital which takes into account that households pay
income tax at rate t on the period return of intangibles and they receive tax subsidies
at rate 74. Since one unit of capital is used to produce one unit of intermediate good
(z¢), equation states the identity between the total intermediate goods production and
physical capital under symmetric equilibrium.

We set the level of domestic stock of knowledge (A) for the EU at 1 and the US
domestic stock of knowledge 30% higher, at 1.3 which roughly corresponds to the US vs.
EU ratio of the number of patents in force registered by the World Intellectual Property
Organization (WIPQO). Although we do not have direct estimates of v, @, ¢ and A for
each region respectively, we can use the existing literature and the model restrictions to
get calibrated values for them. Data on the R&D share of labour (L) and on the R&D

intensity <P’ij;yf’f[)> is obtained from EUROSTAT, the values of g4 and g, are given in
our baseline mode]El Note that in our model the output elasticity of research labour (\)
corresponds to the wage share of R&D labour in the total R&D spending (equation .
These values together with the restrictions of the balanced growth dynamics and other
variables of the baseline pin down P#. In order to set ¢ and w in the first step we

express the sum of these two parameters from equation @ In the second step we use

15Pessoal (2005) provides estimates for the growth of patents or ideas in various OECD countries at
an average of g4 = 0.057. The population growth g, is obtained from EUKLEMS potential output
calculations.
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the estimated long-term relationship between A and ¢ from Bottazzi and Peri| (2007) to
approximate w separately. The authors do not estimate directly ¢ and w, however their
estimated cointegration vector contains two coefficients 1 and ~, satisfying the following
theoretical restrictions between the long-term coefficients of A\, ¢ and w:

o= )\long—term
I- ¢long—t6rm
and
. Wiong—term
f}/ - g

1- (blong—term

The estimated values for these two coefficients show fairly big variations under the differ-
ent regressions, and it might be inadequate to apply these long-term coefficients on our
"contemporary" specification. However the ratios of these two coefficients % = W
vary less, furthermore, imposing the ratio of the long-term parameters instead of their
exact values is also less restrictivd'’] In the last step we subtract this value from the sum
of » and w as we calculated from equation @ earlier. Finally, we normalize the stock of
foreign ideas to one and therefore v can be obtained from expression (@)

The calibration of the parameters in intermediate goods production relies on the entry
costs estimations of Djankov et al.| (2002), and the estimations for R&D related subsidies
(74) of [Wardal (2006). Given the stock of domestic ideas (A;), equation (g) pins down
the per firm quantity of intermediate goods production. The profit of a representative
intermediate firm is determined by its production and the net mark-up of the SeCtOIE].
All other variables given, the arbitrage equation (€) gives the rental rate of intangible
capital, 7. The B-indices published in Warda/ (2006) can be applied to calibrate 74 and
tX. Finally, we use the definition of equation @ to obtain as residual the calibrated

approximation of the risk-premium on intangibles, rp::

n(1—=0)(1—a)f =74, FCa (1 — 74 — 7fy, + 64) — 564
PA+ FCy (1 —tK)

A
rp, =

16The full sample consists of fifteen OECD countries including the US and ten member states of the
European Union.

1"We use the net mark-up of the manufacturing sector calculated in EUKLEMS to obtain 6, the inverse
of the gross mark-up in the intermediate sector.
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Appendix 3. The tax treatment of intangible capital

The model is formulated in such a way that statutory corporate tax rates, depreciation
allowances and tax credits can be incorporated in the analysis. This section explains how
the tax measures in the model relate to Warda’s (1996) B-index which serves as a compre-
hensive measure of the tax treatment of R&D as, for example, advocated by the OECD.
Algebraically the B index is equal to the after tax cost of a Euro expenditure on R&D,
divided by one minus the corporate income tax rate (t). Apart from the corporate in-
come tax rate, the relevant tax parameters for an investor in R&D are the investment tax
credit (7) and the present discounted value of depreciation allowances (Al;). Depreciation
allowances depend on the corporate tax rate and the depreciation scheme for a specific
investment good as defined in the national tax laws. Standard depreciation schemes are
declining balance and straight line depreciation as well as combinations of both. In the
model we implicitly assume a declining balance scheme since it yields a simple representa-
tion for the user cost of capital. With a declining balance scheme, the present discounted
value at period t of depreciation allowances of an investment good with unit value in ¢
and rate of depreciation 0 is given by

_ K LN ks LI R OB
Al, = t6+<1+r)t 5(1 6)+(1+r)t5(1 )2+ ...

& 1 jtK(S— ths
4 1+7r+46 Cr44

J=0

The B-index is defined as

(1 -7 — Aly)
W

and 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. Using the
definition of Al; it can be seen immediately that Warda’s user cost approach can be linked
directly to the user cost formula @ used in the model

B —index =

(1—7— Al) (1—7—-1) (1= 7)(r+0) — "0

CC:W(T—F(;):W(T—F&): (1= 1K)
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Appendix 4. Robustness of US-EU gaps explained by
differences in exogenous variables

We checked the robustness of the US-EU gaps explained by the model with respect to
the elasticity of substitution between skills (o) and the labour-supply elasticity (1/x).
The following tables compare the baseline simulations with two alternative scenarios a.)
by setting o to 2, close to the upper bound of the estimated elasticity of substitution
between skill groups according to the empirical literature (Katz and Murphy| (1992)) and
b.) by imposing more and c.) less elastic labour supply (setting x to 3 and 5 instead of
4). The simulations suggest that under the empirically plausible range of the elasticity of
substitution between skill-groups and of the elasticity of labour supply, the results do not
change significantly.

Table 9: Productivity gap under higher EOF between skill groups
Y/L Skill premium  R&D

high vs. intensity

medium
Lower mark up (final goods) 2.86 0.22 0.06
Increase mark up (intermediates) 0.01 0.57 0.12
Reducing entry barrier 1.48 1.43 0.30
Reducing risk premia 1.37 1.26 0.27
R&D subsidies 0.34 0.29 0.06
Total 6.06 3.78 0.81
Initial gap 10.90 4.40 0.76

Table 10: Productivity gap under with less elastic labour supply
Y/L  Skill premium  R&D

high vs. intensity

medium
Lower mark up (final goods) 2.90 0.36 0.06
Increase mark up (intermediates) 0.00 0.78 0.12
Reducing entry barrier 1.44 1.95 0.30
Reducing risk premia 1.35 1.73 0.27
R&D subsidies 0.34 0.40 0.06
Total 6.03 5.22 0.81
Initial gap 10.90 4.40 0.76
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Table 11: Productivity gap under with more elastic labour supply

Y/L Skill premium  R&D

high vs. intensity

medium
Lower mark up (final goods) 2.85 0.27 0.06
Increase mark up (intermediates) 0.00 1.76 0.12
Reducing entry barrier 1.43 0.71 0.30
Reducing risk premia 1.34 1.55 0.27
R&D subsidies 0.33 0.36 0.06
Total 5.95 4.65 0.82
Initial gap 10.90 4.40 0.76
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