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a b s t r a c t

A fast growing empirical literature identifies an important role of entrepreneurs for pro-
ductivity growth. This paper develops a simple overlapping-generations framework with
endogenous occupational choice and productivity-enhancing entrepreneurial innovation.
It shows that introducing these basic features into R&D-based growth theory has important
implications. First, an equilibrium with price-taking firms can be supported despite a con-
stant returns to scale production technology, once entrepreneurial human capital is
accounted for. Second, in the proposed model, a larger size of the workforce capable to con-
duct R&D neither affects the long-run rate of economic growth (‘‘strong scale effect”) nor
per capita income or welfare (‘‘weak scale effect”). Economic growth is sustained in the
long-run and may be policy-dependent.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

A recent empirical literature identifies an important role of entrepreneurs for productivity growth. For instance, Baumol
et al. (2007) argue that the driving force behind the advanced countries’ IT revolution and the associated productivity growth
surge in the last 15 years is due to the development and growth of innovative entrepreneurial companies, like Microsoft,
Intel, eBay, Amazon, Google, or Federal Express. In another recent paper, Van Praag and Versloot (2008) provide a meta-study
of 57 recent high-quality studies on the contribution of entrepreneurs (young firms with less than 100 employees) for mac-
roeconomic performance. They conclude that entrepreneurial firms ‘‘engender relatively much [. . .] productivity growth and
produce and commercialize high quality innovations” (p. 91).

This paper argues that accounting for occupational choice and entrepreneurial innovation alters important implications of
existing R&D-based growth theory. First, even when entrepreneurial innovators produce according to a constant-returns to
scale technology (after entry costs and sunk costs for R&D investment are incurred), an equilibrium with price-taking can be
supported. In contrast, as pointed out by Romer (1990), this is not possible in standard models with linearly homogenous,
aggregate production functions. The fundamental difference to that kind of models is that, despite constant returns in the
production technology, price-taking entrepreneurs may have an incentive to finance R&D and entry costs. The basic
argument rests on the notion that entrepreneurial skill is crucial for organization and management of a firm and therefore
. All rights reserved.
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imperfectly substitutable to other kinds of labor. However, it is not a rented factor. Thus, the proposed framework allows for
positive (rather than zero) operating profits. At the same time, it is consistent with the well-known replication argument
(suggesting constant returns of rival inputs) and with non-rivalry of innovations in the manufacturing process. Second,
the proposed set up with price-taking entrepreneurial firms which invest in productivity-enhancing R&D allows one to re-
move the typical scale effect properties of endogenous growth theory; namely, that a larger population size (of those capable
to conduct R&D) is either positively associated with economic growth (‘‘strong scale effect”) or with a higher level of per
capita income (‘‘weak scale effect”). Nevertheless, economic growth is sustained in the long run even in absence of popula-
tion growth and may be policy-dependent.

In standard models of endogenous technical change, aggregate output depends on some composite commodity index of
imperfectly substitutable intermediate products (Dixit and Stiglitz, 1977; Ethier, 1982). As well-known, the Dixit–Stiglitz–
Ethier formulation implies that, by increasing the number of intermediate goods sectors while holding constant the amount
of foregone consumption necessary for production in these sectors, total factor productivity rises. This property is inter-
preted as representing specialization gains. It is at the heart of horizontal innovation models (e.g. Romer, 1990; Jones,
1995a), by implying that economic growth can be driven by variety expansion over time. As pointed out by Jones (2005,
p. 1089), since the number of intermediate goods sectors is increasing in the scale of the economy, ‘‘ the weak form of scale
effects is so inextricably tied to idea-based growth that rejecting one is largely equivalent to rejecting the other”.1 In vertical
innovation models, sometimes referred to as ‘‘Schumpeterian” models, this is not necessarily true, since variety expansion is not
critical for growth. Like in horizontal innovation models, however, scale effects arise from the combination of two features: the
aggregate production function is of the Dixit–Stiglitz–Ethier type and the number of sectors positively depends on population
size (see e.g. Peretto, 1998; Young, 1998). The vertical innovation framework proposed in this paper, with entrepreneurial firms
operating in perfect competition, shares the latter but avoids the former feature. It therefore removes weak scale effects, in addi-
tion to strong ones.

In sum, the analysis suggests that sustained R&D-driven growth is possible without weak or strong scale effects and when
perfectly competitive producers operate under constant returns. The potential for scale-invariant endogenous growth is not
new, but is achieved very differently to the previous literature. Dalgaard and Kreiner (2001) and Strulik (2005, 2007) employ
infinite-horizon, monopolistic competition models with ever increasing average human capital levels. For instance, in
Dalgaard and Kreiner (2001), the change in the aggregate human capital level over time is proportional to the aggregate final
output level. This is different to Lucas (1988) who assumes that the change in the per capita level of human capital depends
on per capita (time) resources invested in education. As a result, and unlike in Lucas (1988), higher population growth exerts
a congestion effect on the level of human capital per worker. It has the same impact as an increase in the depreciation rate of
human capital (see also Strulik (2005, 2007)). Consequently, long-run R&D-based growth is not necessarily related to pop-
ulation growth in a positive way. For simplicity, and to put the contrast to this previous literature in its sharpest relief, this
paper leaves human capital as exogenous. This paper is also not the first one suggesting that innovation is possible under
perfect competition. Two approaches exist in the literature. The first one assumes that (non-entrepreneurial) firms operate
under decreasing returns to scale; it thus violates the replication argument. The second one, advanced in Boldrin and Levine
(2005, 2008), assumes that ‘‘copies of ideas are rivalrous goods” (Boldrin and Levine, 2005, p. 1252). This creates a rent to the
innovator for the first unit of a good, which can be copied and sold by others, even in a perfectly competitive environment. In
contrast, this paper maintains the basic premises of seminal work in the endogenous growth literature (e.g. Romer, 1990)
that there are constant returns in the production technology and knowledge is non-rival. Finally, and also related to this pa-
per, a recent literature investigates occupational choice in the context of entrepreneurial risk-taking (e.g. Clemens, 2006;
Garcı́a-Peñalosa and Wen, 2008). However, unlike this paper, it employs the standard monopolistic competition framework
which implies that scale effects prevail.

The paper is structured as follows. Section 2 presents the basic version of the model. For simplicity, it rests on the
assumption of identical entrepreneurial skills. Section 3 analyzes the equilibrium. Section 4 discusses the framework in
two respects. First, it shows that the main properties remain valid if the basic model is extended to allow for heteroge-
neity of entrepreneurs. Second, it compares important features of the model to the previous literature, in order to clarify
the intuition of results and their contribution from a theoretical point of view and in light of empirical evidence. The last
section concludes.

2. The basic model

Consider the following overlapping-generations, discrete-time framework with two-period lives and an endogenous mass
(‘‘number”) of entrepreneurs who can invest in R&D. Both goods and factor markets are perfect. Let t denote the time index,
which is omitted whenever this does not lead to confusion. Each entrepreneur i ¼ ½0;N� produces a homogenous consump-
tion good, the ‘‘numeraire”, according to
1 Sca
consum
qi ¼ xa
i ð‘

Y
i Þ

bðBiÞ1�a�b
; with ‘Y

it ¼ Bt�1lY
it ; ð1Þ
le effect properties sometimes occur with respect to per capita utility rather than income. This happens if utility depends on a ‘‘love of variety”
ption index (Dixit and Stiglitz, 1977) and monopolistically competitive firms produce final rather than intermediate goods.
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a; b 2 ð0;1Þ, where qi is final output of firm i, xi is its input of a homogenous producer good (‘‘capital”), lY
i is labor input in

manufacturing, Bi is an index of productivity in firm i, and B � ð1=NÞ
R N

0 Bidi denotes average productivity of the N final goods
producers; N0 > 0 is given. According to (1), an increase in the stock of knowledge in t � 1, Bt�1, raises efficiency units of
manufacturing labor next period, ‘Y

it . This captures an intertemporal knowledge spillover effect which is labor-saving. It im-
plies that wages grow at the same rate as B in equilibrium. This is required for existence of a balanced growth equilibrium
(BGE).

Productivity Bi in firm i is determined by in-house R&D investments and the human capital (‘‘ability”) of entrepreneur i,
denoted by ai. Let lR

i denote R&D labor input of firm i and suppose Bi ¼ Aiai, where Ai evolves according to Ait ¼ Bt�1hðlR
itÞ. Thus
2 As i
(2005)
knowle

3 App
basic m

4 Thi
period
first pe
wage in
individu
Bit ¼ aiBt�1hðlR
itÞ: ð2Þ
B0 > 0 is given. h is an increasing and strictly concave function. Moreover, assume liml!0h0ðlÞ ! 1 and liml!1h0ðlÞ ¼ 0 in or-
der to ensure interior solutions for R&D investment problems. Access to the previous stock of knowledge in the R&D process
reflects the standard ‘‘standing on shoulders” effect.2 It also means that R&D creates proprietary knowledge for one period. The
overlapping-gernations structure introduced below implies that this equals the duration an entrepreneurial firm is operated.
Both patent rights or trade secrets are consistent with this assumption. R&D labor costs, despite being incurred contemporane-
ously, are sunk when the firm enters product market competition. This borrows from the IO literature on endogenous sunk costs
for R&D (and marketing) outlays (e.g. Sutton, 1998).

Note that entrepreneurial skill ai enters as rival human capital input, whereas technology indicator Ai is non-rival. Thus, in
view of (2), production technology (1) has constant returns: doubling rented inputs ðxi; l

Y
i Þ and entrepreneurial human cap-

ital ðaiÞ doubles output, holding sunk investment for R&D labor ðlR
i Þ constant. Since entrepreneurial skill is embodied in the

founder of a firm and does not have to be rented, operating profits are positive, as will become apparent. This enables entre-
preneurs to incur sunk costs for entering the market (if entry is costly) and for R&D, despite perfect competition. The critical
role of entrepreneurs for the productivity of firms is reflected by the assumption that entrepreneurial skill ai is imperfectly
substitutable to labor input lY

i .
Each entrepreneur uses foregone consumption as input. One unit of foregone consumption can be transformed into one

unit of any intermediate good. Thus, the aggregate capital stock in the economy is measured by K ¼
R N

0 xidi and the marginal
production cost is equal to the interest rate. For simplicity, capital can freely be rented at an internationally given interest
rate, denoted by �r > 0.3

Denote by Lt the size of the population born in period t. It grows according to Ltþ1 ¼ ð1þ gLÞLt , where L0 > 0. In the first
period of life, each individual inelastically supplies one unit of labor to the labor market and chooses savings for old age. In
the second period, individuals decide whether to open a final good firm or to retire.4 As entrepreneur, they may invest in R&D
before competing in the product market. Opening up a firm may require a fixed labor input, f P 0. Each member i of generation
t � 1 maximizes the standard utility function
Uit�1 ¼ ln cit�1;1 þ q ln cit;2; ð3Þ
0 < q < 1, where ci;1 and ci;2 denote the consumption level in the first and second period of life, respectively. In the basic
model, all individuals are identical, i.e., entrepreneurial ability ai ¼ a for all i. (Heterogeneity is introduced in Section 4.1)

Finally, in order to examine whether economic growth potentially depends on public policy in the long-run, suppose the
government may levy a time-invariant R&D subsidy, at rate s 2 ½0;1Þ. It is financed by a proportional value-added consump-
tion tax, with tax rate kt in t, such that the public budget is balanced each period. As will become apparent, such a tax neither
affects entry nor R&D investment decisions. It thus fulfills the same role as a lump-sum tax in standard models (see Section
4.2).

3. Equilibrium analysis

This section derives the equilibrium properties of the basic model.

3.1. Factor demand

Under perfect competition, the price of the intermediate good equals marginal production costs, �r. Thus, in the second
period of life, entrepreneur i solves
s well known, constant returns to past knowledge is necessary for exponential long-run growth to be sustained in absence of population growth. Jones
provides an excellent discussion of linearity assumptions in endogenous growth theory. Groth et al. (2008) show that under decreasing returns to
dge there may still be unbounded growth in the long run, which however is less than exponential.
endix A treats the case where the interest rate is endogenous. The analysis becomes significantly less tractable. However, the main insights from the
odel remain unchanged.

s assumption follows Aghion et al. (2005) and is not critical. First, one may extend the model to allow for non-entrepreneurs to work in their second
of life. For instance, they could enter as experienced labor which may or may not be imperfectly substitutable to labor supplied by individuals in their
riod of life. It is critical, however, that skill ai is imperfectly substitutable to experienced labor as well. Otherwise, operating profits would be equal to

come of experienced labor and nobody would be willing to become entrepreneur in the presence of sunk costs. Second, one may assume that
als can become entrepreneur already in the first period of life without affecting the main results of the analysis.
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pi �maxfqi � �rxi �wlY
i g s:t: ð1Þ; ð4Þ
where w denotes the wage rate. Recalling lY
it ¼ ‘

Y
it=Bt�1 we find that factor demand functions are given by
xi ¼
a
�r

� � 1�b
1�a�b b

x

� � b
1�a�b

Bi; ð5Þ

‘Y
i ¼

a
�r

� � a
1�a�b b

x

� � 1�a
1�a�b

Bi; ð6Þ
where xt � wt=Bt�1 is the wage rate in t adjusted for average productivity in the previous period t � 1. Consequently, oper-
ating profits are given by pi ¼ ð1� a� bÞqi, where
qi ¼
a
�r

� � a
1�a�b b

x

� � b
1�a�b

Bi: ð7Þ
As defined in national accounting, the gross domestic product, Y, is equal to the ‘‘sum” of the value of all entrepreneurs’
final output levels:
Y ¼
Z N

0
qidi: ð8Þ
By substituting (7) into (8), one finds that final output per worker, y ¼ Y=L, is given by
y ¼ B
a
�r

� � a
1�a�b b

x

� � b
1�a�b

n; ð9Þ
where n � N=L is the number of firms per worker.

3.2. Individual decisions

When saving sit�1 for old age, the budget constraint of a member i of generation t � 1 (under consumption tax rate kt�1) in
the first period of life is given by
ð1þ kt�1Þcit�1;1 þ sit�1 ¼ wt�1: ð10Þ
Net profits of entrepreneur i are given by operating profits minus sunk costs for entry and R&D. Formally, with R&D employ-
ment lR

i , fixed labor requirement f and R&D subsidy rate s, we have
Pi ¼ pi � ð1� sÞwlR
i �wf : ð11Þ
In the second period of life, the consumption level is then given by
ð1þ ktÞcit;2 ¼
ð1þ �rÞsit�1 þPit if i is entrepreneur
ð1þ �rÞsit�1 otherwise:

�
ð12Þ
Combining (10) and (12), we find that
ð1þ kt�1Þcit�1;1 þ ð1þ ktÞ
cit;2

1þ �r
¼ Iit�1; ð13Þ
where Iit�1 is the present discounted value (PDV) of income of an individual i from the perspective of period t � 1. We
have
Iit�1 ¼
wt�1 þ Pit

1þ�r if i is entrepreneur;
wt�1 otherwise:

(
ð14Þ
It follows that the optimal R&D labor input of entrepreneur i, lR
i , equals the level which maximizes net profits Pi. Substituting

pi ¼ ð1� a� bÞqi, with qi given by (7), into profit function (11), and using R&D technology (2), net profits of firm i in t can be
expressed as
Pit ¼ ð1� a� bÞ a
�r

� � a
1�a�b b

xt

� � b
1�a�b

aiBt�1hðlR
itÞ � ð1� sÞwtl

R
it �wtf : ð15Þ
Recalling xt � wt=Bt�1, this implies first-order condition
ð1� a� bÞ a
�r

� � a
1�a�b b

x

� � b
1�a�b

aih
0ðlR

i Þ ¼ ð1� sÞx: ð16Þ
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Moreover, maximizing utility function u in (3) with respect to ðcit�1;1; cit;2Þ, subject to budget constraint (13), we obtain opti-
mal consumption levels
5 To s
6 The
cit�1;1 ¼
Iit�1

ð1þ qÞð1þ kt�1Þ
; ð17Þ

cit;2 ¼
qð1þ �rÞIit�1

ð1þ qÞð1þ ktÞ
: ð18Þ
Substituting (17) and (18) into (3), we find that utility becomes
Uit�1 ¼ Dðkt�1; ktÞ þ ð1þ qÞ ln Iit�1 with ð19Þ

Dðkt�1; ktÞ � q ln
qð1þ �rÞ

1þ kt

� �
� ð1þ qÞ lnð1þ qÞ � lnð1þ kt�1Þ: ð20Þ
According to (14) and (19), an individual is indifferent whether or not to become entrepreneur if net profits are equal to zero.
Consequently, with identical individuals ðai ¼ aÞ and due to free entry, it holds that Pi ¼ 0 for all i in equilibrium.

3.3. Steady state

Combining first-order condition (16) with Pi ¼ 0 by using (15), we find that equilibrium R&D employment per firm, lR�, is
at all times uniquely defined by5
0 ¼ hðlR�Þ
h0ðlR�Þ

� lR� � f
1� s

� GðlR�
; sÞ: ð21Þ
We thus find that, if (and only if) f > 0, lR� is increasing in the R&D subsidy rate, s. We write lR� ¼ ~lRðsÞ. According to R&D
technology (2) and ai ¼ a for all i, the productivity growth rate gB � Bt=Bt�1 � 1 is for all t given by:
gB ¼ ahðlR�Þ � 1; with lR� ¼ ~lRðsÞ: ð22Þ
Productivity growth is increasing in s if and only if f > 0.6 It thus may be policy-dependent. gB is also increasing in entre-
preneurial ability a. Most importantly, as lR� is time-invariant and in particular remains unaffected when population size,
L, changes, the same applies to gB. In view of (9), this means that there are no weak scale effects (i.e., y is independent of
L) if the productivity-adjusted wage rate, x, and the number of entrepreneurs per worker, n � N=L, are time- and scale-
invariant.

To show this, first note that using lR
i ¼ ~lRðsÞ and ai ¼ a in first-order condition (16) implies that the productivity-adjusted

wage rate (x) immediately jumps towards its steady state level, which is given by
x� ¼ ð1� a� bÞ
1�a�b

1�a
a
�r

� � a
1�a

b
b

1�a
ah0ð~lRðsÞÞ

1� s

 !1�a�b
1�a

� Xðs; a;�rÞ: ð23Þ
(Equilibrium values along a balanced growth path are denoted by superscript (�) throughout.) Using (21), which defines
lR� ¼ ~lRðsÞ, one can show that x� is increasing in s. This is primarily due to the fact that a higher R&D subsidy raises the de-
mand for R&D labor, for a given number of firms. x� is also increasing in a. This reflects the complementary of entrepreneur-
ial skill to R&D labor as captured by R&D technology (2). Higher capital costs, by contrast, reduce the demand for labor; thus,
x� is decreasing in the interest rate, �r. Most importantly, however, (23) shows that x� is scale-invariant.

Finally, we can solve for the equilibrium number of firms per worker, n�, by employing the labor market clearing condi-
tion. In labor market equilibrium, we have
Z N

0
lY
i diþ

Z N

0
ðlR

i þ f Þdi ¼ L ð24Þ
(recall that only young individuals are wage earners), where lY
it ¼ ‘

Y
it=Bt�1. Combining this with labor demand function (6) and

observing that lR
i ¼ lR� and Bit ¼ aBt�1hðlR�Þ for all i, we obtain
n� ¼ 1

a=�rð Þ
a

1�a�b b=x�ð Þ
1�a

1�a�bahðlR�Þ þ lR� þ f
ð25Þ

¼ 1� a� b

ð1� a� bsÞ~lRðsÞ þ ð1� aÞf
� ~nðs;�rÞ; ð26Þ
where the second equation follows after substituting the expression for x� in (23) and using the definition of lR� ¼ ~lRðsÞ in
(21). This shows that in equilibrium the number of firms (N) is proportional to scale L (recall n ¼ N=L) which is consistent
ee that lR� exists and is unique, confirm liml!0Gðl; sÞ < 0, liml!1Gðl; sÞ > 0 from the properties of h0 , and note that Gðl; sÞ is increasing in l, since h00 < 0.
same result holds in the vertical innovation framework by Young (1998), as shown in Grossmann (2008). Young (1998) implicitly sets f ¼ 0.
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with empirical evidence (e.g. Laincz and Peretto, 2006). Moreover, n jumps from initial value n0 ¼ N0=L0 to the steady state
level n�. We have seen that also R&D input per firm and the productivity-adjusted wage rate assume their steady state level
immediately, i.e., there are no transitional dynamics in the economy.

3.4. The absence of scale effects

According to (9), (23) and (26), difference equation Bt ¼ Bt�1ahðlR�Þ determines the evolution of equilibrium income per
capita over time:
y�t ¼ Bt
a
�r

� � a
1�a�b b

Xðs; a;�rÞ

� � b
1�a�b

~nðs;�rÞ: ð27Þ
Thus, an increase in the scale of the economy (workforce size L) does not have an effect on per capita income. The same is
true for the capital stock per worker, k ¼ K=L: the aggregate capital stock is equal to total output of the intermediate good,
K ¼

R N
0 xidi. Using capital input demand function (5) and recalling (9), we obtain k� ¼ ða=�rÞy�.

Also welfare is independent of scale at all times. This can be seen as follows: for all i, (indirect) utility of generation t � 1 is
given by
Uit�1 ¼ Dðkt�1; ktÞ þ ð1þ qÞ lnðBt�2x�Þ; ð28Þ
according to (19) and the fact that, in equilibrium, (the PDV of) income is Iit�1 ¼ ðwt�1 ¼ÞBt�2x� for all i (recall xt ¼ wt=Bt�1).
We already know that the productivity-adjusted wage rate, x�, and average productivity level, B, are independent of scale. It
remains to be shown that consumption tax rates (k), used to finance R&D subsidies (at constant rate s), are in equilibrium
scale-invariant at all times as well. Total tax revenue in t is given by kt

R Lt

0 cit;1diþ kt
R Lt�1

0 cit;2di. Using Ii ¼ w in both (17) and
(18), we find that a balanced government budget in period t implies
sNtwtl
R� ¼ kt Lt

wt

ð1þ qÞð1þ ktÞ
þ Lt�1

qð1þ �rÞwt�1

ð1þ qÞð1þ ktÞ

� �
: ð29Þ
Using the facts that the population grows at constant rate gL and, for all t, wt=wt�1 ¼ Bt�1=Bt�2 ¼ ahðlR�Þ, we obtain kt ¼ k� for
all t, where k� is given by
k�

1þ k�
¼ sð1þ qÞn�lR�

1þ qð1þ�rÞ
ð1þgLÞahðlR�Þ

: ð30Þ
Thus, at all times, the consumption tax rate k is scale-invariant.
In sum, there are no weak scale effects. Neither are there strong ones. Growth rates of per capita income and the capital-

labor ratio are independent of L at all times. In steady state, as in neoclassical growth theory and horizontal innovations mod-
els like Romer (1990) and Jones (1995a), both variables grow at the same rate as wages and productivity, gy� ¼ gk� ¼ gw� ¼ gB.
Finally, an increase in the population growth rate gL neither affects the level of per capita income nor its growth rate in any
period.

4. Discussion

This section discusses the model in three ways. First, it is shown how endogenous heterogeneity of firms can be introduced
in a simple and natural fashion (Section 4.1). It is shown that the main results are robust to this extension. Second, in order to
gain a deeper understanding for the results, the proposed model is compared to a standard vertical innovation framework
(Section 4.2). Third, the main results derived in this paper are discussed in light of empirical evidence (Section 4.3).

4.1. Firm heterogeneity

To allow for heterogeneity in entrepreneurial skill suppose that, in each generation, entrepreneurial ability is distributed
according to a time- and scale-invariant cumulative distribution function, UðaÞ. The associated density function has support
½0; �a�, �a > 0. For simplicity, we focus on the case where there is no population growth, gL ¼ 0.

According to (14) and (19), an individual chooses to become entrepreneur if net profits are non-zero, Pi P 0. Applying the
envelope theorem to profit function (15), by using first-order condition for R&D investment (16), shows that Pi is increasing
in entrepreneurial skill, ai. Thus, there exists a threshold value a such that all individuals with ai P a choose to become entre-
preneur and the others do not enter. For the marginal entrant, with ability level a, we have Pi ¼ 0. Combining (15) and (16)
shows that the marginal entrant hence chooses a time- and scale-invariant R&D labor input,~lRðsÞ, which is implicitly defined
by GðlR

; sÞ ¼ 0, as in (21). Setting lR
i ¼ ~lRðsÞ and ai ¼ a in (16) implies that, in BGE,
a� ¼ 1� s
h0ð~lRðsÞÞ

1
1� a� b

�r
a

� � a
1�a�b ðx�Þ1�a

bb

 ! 1
1�a�b

� âðx�; s;�rÞ: ð31Þ
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Along a balanced growth path, the number of final good firms per worker, n ¼ N=L, is then given by
n� ¼ 1�Uðâðx�; s;�rÞÞ � n̂ðx�; s;�rÞ: ð32Þ
Function âðx; s;�rÞ is increasing in both productivity-adjusted wage rate x and interest rate �r, since higher factor costs reduce
profits and thus impede the incentive to enter the market. Moreover, by making use of (21), one finds that âðx; s;�rÞ is
decreasing in R&D subsidy rate s (i.e. raising s stimulates entry), holding x constant. The opposite effects hold with respect
to function n̂ðx�; s;�rÞ.

From first-order condition (16), we also obtain that the optimal R&D labor input of individuals with ai > a� in BGE reads
lR�i ¼ ðh
0Þ�1 1� s

ai

1
1� a� b

�r
a

� � a
1�a�b ðx�Þ1�a

bb

 ! 1
1�a�b

0
@

1
A � l̂Rðx�; s; ai;�rÞ: ð33Þ
As h is strictly concave, the complementarity between entrepreneurial skill and R&D labor input implies that function
l̂Rðx; s; ai;�rÞ is increasing in skill ai; that is, more highly skilled entrepreneurs invest more in R&D and therefore run more
productive firms. Moreover, l̂R is decreasing in x and �r, and increasing in s.

We finally employ labor market clearing condition (24). Dividing it by L and using 1=L ¼ n=N yields
n
1
N

Z N

0
lYi diþ 1

N

Z N

0
ðlRi þ f Þdi

� �
¼ 1: ð34Þ
According to (2), (6) and lY
it ¼ ‘

Y
it=Bt�1 we have
1
N

Z N

0
lY
i di ¼ a

�r

� � a
1�a�b b

x

� � 1�a
1�a�b 1

N

Z N

0
aihðlR

i Þdi: ð35Þ
Using (31)–(33) and (35) implies that (34) can be rewritten as
1 ¼ a
�r

� � a
1�a�b b

x�

� � 1�a
1�a�b

Z �a

âðx� ;s;�rÞ
ahð̂lRðx�; s; a;�rÞÞdUðaÞ þ

Z �a

âðx� ;s;�rÞ
l̂Rðx�; s; a;�rÞdUðaÞ þ f ½1�Uðâðx�; s;�rÞÞ�: ð36Þ
This equation implicitly defines the productivity-adjusted wage rate in BGE, x�. Recalling the properties of functions â and l̂R,
we obtain that the right-hand side of (36) is decreasing in x� and �r; moreover, it is increasing in s. The following results are
implied. First, we find that x� is unique. Together with (31)–(33) we can thus conclude that the BGE is unique. Moreover,
again, there are no transitional dynamics. Second, and also like in the basic model, x� is increasing in R&D subsidy rate
(s) and decreasing in the interest rate ð�rÞ.

Using (9), in equilibrium per capita income evolves according to
y�t ¼ Bt
a
�r

� � a
1�a�b b

x�

� � b
1�a�b

n�: ð37Þ
It is thus scale-invariant and grows, like the capital-labor ratio, k ¼ ða=�rÞy, and the wage rate (w), with the same rate as aver-
age productivity, B. According to R&D technology (2) and (33), we obtain
Bit ¼ aiBt�1hð̂lRðx�; s; ai;�rÞÞ: ð38Þ
Thus, average productivity B grows according to
gB ¼
1

1�Uða�Þ

Z �a

a�
ahð̂lRðx�; s; a;�rÞÞdUðaÞ � 1: ð39Þ
Hence, gB is independent of L, which confirms that not only weak scale effects but also strong ones are absent.

4.2. Comparision to standard framework

We next work out the differences and similarities of the proposed model to a standard vertical innovation framework.
Consider the following infinite-horizon growth model with a typical, aggregate constant-returns to scale production function
of final output (the numeraire good):
Y ¼ XcðLY Þ1�c; with X ¼
Z N

0
ðAiÞ1�cðxiÞcdi

� �1=c

; ð40Þ
0 < c < 1. LY is labor input in the final goods sector, X is the quantity of a composite good consisting of (a mass of) N differ-
entiated intermediate capital inputs, and xi and Ai denote the quantity and the quality of intermediate good i, respectively.
Intermediate goods are also produced by a constant-returns to scale technology: one unit of foregone consumption can be
transformed into one unit of any intermediate good. Thus, the marginal production cost is equal to the interest rate, r. Each
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intermediate goods firm produces one variety in a monopolistically competitive environment.7 Like in the basic model with
entrepreneurial innovation, labor force L is homogenous, is supplied inelastically to a perfect labor market, and grows at a con-
stant rate, gL P 0.

Quality-improvements occur according to
7 As
leaving

8 Thi
period.
howeve
assump

9 Thi
occupat

10 For
11 One

Modifyi
there is
Ait ¼ At�1hðlR
it�1Þ; ð41Þ
where h has the same properties as before and At�1 is the average quality of goods in t � 1; A0 > 0. Thus, again, there are
constant returns to past knowledge in the R&D technology. In addition to R&D labor input ðlR

i Þ, also a fixed labor input,
f P 0, is required one period in advance of production.8 Sunk investment f has to be made each period, i.e., firms have to
re-establish each period.9

With production function (40) and perfect competition in the final goods sector, the inverse demand function of the rep-
resentative final goods producer for capital input i is given by pi ¼ cðAiL

Y=xiÞ1�c. Hence, an intermediate good monopolist i,
with operating profits pi ¼ maxðpi � rÞxi, chooses price pi ¼ r=c; thus, we obtain pi ¼ ð1=c� 1Þrxi with output
xi ¼
c2

r

� � 1
1�c

AiL
Y : ð42Þ
In period t � 1, firm i chooses R&D labor input to maximize the present discounted value (PDV) of total profits,
Pit�1 �
pit

1þ rt
�wt�1ð1� sÞlRit�1 �wt�1f ; ð43Þ
where the R&D subsidy rate is financed by a lump-sum tax. In equilibrium under free entry, Pi ¼ 0 for all i at all times.
Appendix B solves for a general equilibrium when an infinitely living representative dynasty behaves according to stan-

dard preferences. Like in the entrepreneurial innovation model, in a BGE an increase in population size (L) induces a propor-
tional increase in the number of goods/sectors, N. In turn, R&D input per firm is unaffacted by larger scale. Formally, and
identical to the basic entrepreneurial innovation model, the equilibrium R&D labor input per firm is uniquely given by
lR� ¼ ~lRðsÞ, as defined by (21). Consequently, according to (41), the growth rate of average productivity is given by
gA ¼ hðlR�Þ � 1. It again may be policy-dependent and is independent of scale. This illustrates the basic idea of ‘‘Schumpete-
rian” models without strong scale effects like Peretto (1998), Young (1998), Dinopoulos and Thompson (1998) and Howitt
(1999). Because knowledge which is accessible for innovators equals the last period’s average productivity level (rather than,
for instance, the ‘‘sum” of past productivity levels of firms),10 the product proliferation effect of larger scale predicts that pro-
ductivity growth is related to R&D investment per variety. According to (2), the same holds in the entrepreneurial innovation
model developed in this paper.

But why do standard models imply existence of weak scale effects, in contrast to the one proposed in this paper? To see
this, substitute the intermediate input levels given by (42) into (40) to find that per capita income, y ¼ Y=L, can be written as
y ¼ AN
c2

r

� � c
1�c LY

L
: ð44Þ
The interest rate r is independent of scale and time-invariant in BGE. Moreover, since in BGE the number of firms N is pro-
portional to population size L, also the fraction of employment allocated to in the final goods sector, LY=L is time- and scale-
invariant. According to (44), consequently, per capita income y is proportional to L and the growth rate of per capita income
is increasing in the population growth rate, gL. These results are implications of employing a Dixit–Stiglitz–Ethier type of
aggregate production function, like (40). As well known, this class of production technology implies that output (or the com-
posite commodity input X) rises in the number of intermediate goods N when holding total capital input K ¼

R N
0 xidi constant.

This property, which technically is an immediate implication of declining marginal productivity of any variety i, is inter-
preted as capturing specialization gains. It is, due to the positive relationship between N and scale, the ultimate source of
weak scale effects.11

The proposed entrepreneurial innovation framework abstains from employing an aggregate Dixit–Stiglitz–Ethier produc-
tion function. Rather, there is an endogenous number of entrepreneurs, each operating a constant-returns production tech-
all rival inputs are rented, in contrast to the entrepreneurial innovation framework developed in this paper, price-taking would imply zero profits,
no incentives to enter and to invest in R&D.

s is unlike in the proposed entrepreneurial innovation model analyzed above, where both kinds of sunk costs are assumed to be incured in the same
Most results in this paper would remain unchanged if, like in Young (1998), sunk costs had to be incurred one period in advance. It would induce,
r, transitional dynamics and therefore would make the analysis less tractable. In an overlapping generations context, however, the alternative
tion of a one-period lag until R&D becomes effective seems less appropriate. (I am grateful for a referee for this point.)
s feature is somewhat arteficial in an infinite-horizon context and comes out more naturally in the proposed overlapping generations context with
ional choice. There entrepreneurs operate firms in their second and last period of life.
a discussion of alternative formulations, see e.g. Grossmann (2008).
could remove the ‘‘specialization gains property” of production technology (40), and thereby eliminate weak scale effects, in an ad hoc fashion.

ng the technology for final goods production to Y ¼ ð1=NÞXcðLY Þ1�c does the trick, as can easily be seen from (44). However, this is unsatisfactory as
lack of a proper justification for such technology.
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nology. Total output is then simply measured like in national accounting: it is equal to the aggregate value of final output
levels of individual producers. This eliminates weak scale effects in addition to strong ones.

4.3. Empirical evidence

But is it attractive, in light of empirical evidence, to remove scale effects? In view of international linkages and associated
international technological spillovers it is beside the point to dismiss scale effects by arguing that small economies like Lux-
embourg, Switzerland or Hongkong are among the richest. However, in the post World War II era, strong scale effects, fea-
tured by first-generation models of endogenous growth (Romer, 1990; Grossman and Helpman, 1991; Aghion and Howitt,
1992), are also inconsistent with the fact that the number of researchers substantially increased over time while productivity
growth rates remained relatively stable (see Jones, 1995a,b).12

Cross-country studies testing the hypothesis of weak scale effects account for international trade relations in order to sep-
arate the effects arising from a larger market size per se and those arising from more indirect effects of trade, like technology
spillovers.13 They provide mixed evidence in support of weak scale effects. For instance, Hall and Jones (1999) regress per capita
income on population size while controlling for instrumented ‘‘social infrastructure” – an index which includes a measure of
trade openness. They find that population size enters insignificantly. Frankel and Romer (1999) show that when trade volumes
are instrumented for by geographical variables ‘‘there is a positive [. . .] relation between country size and income per person”,
which however is ‘‘only marginally significant” (p.387). Rodrik et al. (2004) redo a similar analysis by instrumenting measures
of institutional quality as well, in addition to instrumenting trade volumes. In contrast to Frankel and Romer (1999), they find
insignificant and sometimes even negative effects of larger population size on per capita income. (Instrumented trade volumes
enter insignificantly as well.) Similar evidence is provided by Bolaky and Freund (2006). Rose (2006) employs a large panel data
set to examine the effect of population size of a country on many economic and social indicators (including GDP per capita). He
concludes that small and large countries are not systematically different. Also consistent with the absence of scale effects, an-
other strand of literature suggests that the impact of an increase in the population growth rate on the growth rate of per capita
income is either insignificant or negative (Brander and Dowrick, 1994; Ahituv, 2001; Kelley and Schmidt, 2005).14 The standard
R&D-based growth literature, by contrast, predicts a positive relationship between income growth and population growth (see
e.g. Section 4.2), whereas the proposed (basic) entrepreneurial innovation framework implies no relationship (see Section 3.4).

In sum, the evidence suggests that it may be useful to analyze endogenous growth in a framework where even the weak
form of scale effects is absent. The proposed model also is, like ‘‘Schumpeterian” growth models, consistent with the
evidence that there is a close relationship between productivity growth and R&D per variety. Ha and Howitt (2007) and
Maddsen (2008) find strong support for this hypothesis by using cointegration tests for developed countries. The result is
also consistent with the observation that both R&D intensity and productivity growth are fairly constant over time since
World War II.

5. Concluding remarks

This paper proposed a simple overlapping generations framework with occupational choice and endogenous vertical
innovations of entrepreneurs. The fundamental premises of Romer (1990, p.S72) still apply: technological change (‘‘improve-
ment in the instructions for mixing together raw materials”) is critical for economic growth and capital accumulation, arise
due to intentional R&D investments, and can be applied without non-rivalry to the manufacturing process. But contrary to
Romer’s conclusion from these premises made in the context of aggregate production functions, an equilibrium with price-
taking agents can be supported despite constant returns in the context of entrepreneurial production, in line with the rep-
lication argument. This is possible since entrepreneurial skill is a rival and critical production factor which is imperfectly
substitutable to other factors. Moreover, accounting for heterogeneity in entrepreneurial ability naturally introduces heter-
ogeneity of firms with respect to their R&D investments and productivity.

Focussing on price-taking entrepreneurs shows, in addition, that R&D-based growth is possible without scale effects with
respect to per capita income levels. This is fundamentally different to standard endogenous growth models which employ
the notion of an aggregate production technology, using intermediate inputs supplied by monopolistically competitive firms.
The property that also weak scale effects may be absent is important for a number of issues. First, from a theoretical point of
view, it is potentially useful for the agenda of applying general equilibrium models with endogenous technical change to
identify the determinants of long-run economic growth and their quantitative importance. In view of the mixed empirical
evidence even for the weak form of scale effects, one may want to make sure that important results and mechanisms are
12 Support in favor of strong scale effects is, among others, provided by Kremer (1993) for historical (pre-modern) times. This suggests that the importance of
population size for economic growth decreased over time. Dalgaard and Jensen (2007) provide a possible explanation, based on a declining importance of the
bequest motive to save relative to life-cycle motives.

13 Doing so only accounts for scale effects associated with a higher domestic labor force, not those associated with trade liberalization. This is not problemetic,
however, provided that scale effects are not higher if market size increases due to an enlarged foreign market than due to a larger domestic market.

14 Jones (2002, 2005) argues that semi-endogenous growth theory may, nevertheless, not be inconsistent with the latter finding. If one allows for dilution
effects of larger population size, higher population growth depresses the capital-labor ratio in the transition to a steady state, similar to neoclassical growth
theory. According to this reasoning, we do not yet observe steady state dynamics and a positive relationship between population growth and income growth
eventually may materialize.
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not driven by this property. Second, the analysis suggests that goods market integration, by increasing the size of the econ-
omy, does not necessarily raise living standards. In fact, the widely recognized instrumental variable approach to identify the
determinants of per capita income by Rodrik et al. (2004), perhaps the most comprehensive study to date, shows that the
impact of (endogenous) trade becomes insignificant once (endogenous) institutional quality is controlled for. The proposed
framework may be useful to understand such evidence. Finally, the analysis showed that the widely discussed demographic
change, which is projected for many developed countries, may not necessarily impede advancements of the world’s techno-
logical frontier.
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Appendix A. Closed economy version of basic model

This appendix adapts the basic model to a closed economy. That is, the interest rate is endogenized, rather than exoge-
nously given by �r.

In equilibrium of a closed economy, aggregate savings of individuals for old age ðKSÞ are equal to total capital demand
ðKDÞ. Combining (10) with (17) and using the fact that, in equilibrium, Ii ¼ w for all i yields optimal savings si ¼ qw

1þq for all
i. The aggregate capital supply in t is thus given by KS

t ¼
qLt�1wt�1

1þq or, using xt�1 ¼ wt�1=Bt�2,
KS
t ¼

qBt�2Lt�1xt�1

1þ q
: ð45Þ
Next we derive capital demand, KD ¼
R N

0 xidi. Using (5), we obtain
KD
t ¼ NtBt

a
rt

� � 1�b
1�a�b b

xt

� � b
1�a�b

: ð46Þ
Now use that (for all t) Bt=Bt�1 ¼ ahðlR�Þ and Nt=Lt�1 ¼ ð1þ gLÞnt when setting KS ¼ KD to find
qxt�1

1þ q
¼ ð1þ gLÞnt

a
rt

� � 1�b
1�a�b b

xt

� � b
1�a�b

a2hðlR�Þ2: ð47Þ
Consequently, using that ~lR� ¼ ~lRðsÞ together with x ¼ Xðs; a; rÞ and n ¼ ~nðs; rÞ, according to (23) and (26), respectively, the
evolution of r is governed by first-order difference equation
qXðs; a; rt�1Þ
1þ q

¼ ð1þ gLÞ~nðs; rtÞ
a
rt

� � 1�b
1�a�b b

Xðs; a; rtÞ

� � b
1�a�b

a2hðlRðsÞÞ2; ð48Þ
where r0 is given. Setting rt�1 ¼ rt gives us the long run interest rate, r�; in turn, we obtain x� ¼ Xðs; a; r�Þ and n� ¼ ~nðs; a; r�Þ.
Note that r�, x� and n� are independent of scale in BGE. Thus, again, neither the level of per capita income in BGE,
y�t ¼ Bt
a
r�

� � a
1�a�b b

x�

� � b
1�a�b

n�; ð49Þ
nor its growth rate gB ¼ ahð~lRðsÞÞ � 1 depend on scale.

Appendix B. Solution of standard vertical innovation model

Suppose that in the vertical innovation model of Section 4.2 there is an infinitely living representative dynasty with stan-
dard intertemporal utility function
U ¼
X1
t¼0

Ltqt ln ct; ð50Þ
0 < q < 1, where ct denotes per capita consumption in period t. This appendix shows that there exists a symmetric BGE of
the model, where the number of goods per worker, n ¼ N=L, the interest rate (r), R&D labor per firm ðlRÞ, and the fraction of
labor employed in the final goods sector ðLY=LÞ, are time- and scale-invariant.

First, note that financial assets per capita, denoted by a, accumulate according to
ð1þ gLÞatþ1 ¼ ð1þ rtÞat þwt � ct ; ð51Þ
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where wt denotes the wage rate (recall that Ltþ1 ¼ ð1þ gLÞLt). Utility maximization thus leads to Euler equation
ctþ1 ¼ qð1þ rtÞct .

The wage rate is equal to the marginal product of labor in the final goods sector; according to (40), w ¼ ð1� cÞY=LY . Com-
bining this with expression (44) for y, we find that
~x � w

AL
¼ ð1� cÞ c2

r

� � c
1�c

n: ð52Þ
Next, combine pi ¼ ð1=c� 1Þrxi with xi ¼ ðc2=rÞ
1

1�cAiL
Y from (42) and substitute (41) to find that the PDV of profits of firm i

from the perspective of period t � 1 is given by
Pit�1 ¼
1� c
1þ rt

c
1þc
1�cðrtÞ�

c
1�cAt�1hðlR

it�1ÞL
Y
t �wt�1ð1� sÞlR

it�1 �wt�1f ; ð53Þ
according to (43). In t � 1, firm i chooses R&D labor input to maximize Pit�1. In view of (53) and the definition of ~x in (52),
the associated first-order condition implies
ð1� cÞc
1þc
1�cðrtÞ�

c
1�c

1þ rt
h0ðlR

it�1Þ
LY

t

Lt�1
¼ ð1� sÞ ~xt�1: ð54Þ
Due to free entry, in equilibrium, the value of net profits becomes zero. In view of (53) and (54), Pit�1 ¼ 0 confirms that, for
all i and t, the equilibrium R&D labor input is again given by lR� ¼ ~lRðsÞ as defined in (21). Thus, Atþ1=At ¼ hðlR�Þ, according to
(41). Moreover, the labor market clearing condition reads Ntþ1ðlR� þ f Þ þ LY

t ¼ Lt . (Note that firms founded in t produce in
t þ 1.) Thus, using n ¼ N=L and Ltþ1 ¼ ð1þ gLÞLt , we find that in BGE
LY

L

 !�
¼ 1� n�ð1þ gLÞðl

R� þ f Þ: ð55Þ
From asset accumulation equation (51), in BGE, ctþ1=ct ¼ wtþ1=wt . Using wt ¼ AtLt ~xt together with (41) and the property
that ~x is time-invariant in BGE (which will become apparent), we find ctþ1=ct ¼ ð1þ gLÞhðl

R�Þ. From the Euler equation, the
equilibrium interest rate factor is thus given by
1þ r� ¼ ð1þ gLÞhðl
R�Þ

q
: ð56Þ
Combining (52) with (54), by making use of Lt ¼ ð1þ gLÞLt�1, we also find that in BGE
ch0ðlR�Þð1þ gLÞ
LY

L

 !�
¼ ð1� sÞð1þ r�Þn�: ð57Þ
Observing (55) and (56), from (57) we find
n� ¼
qc h0 ðlR�Þ

hðlR�Þ

1� sþ ð1þ gLÞqcðlR� þ f Þ h0 ðlR�Þ
hðlR�Þ

: ð58Þ
Combining (55) and (58), we also find that
LY

L

 !�
¼ 1� s

1� sþ ð1þ gLÞqcðlR� þ f Þ h0ðlR�Þ
hðlR�Þ

: ð59Þ
Thus, there exists a BGE where n, r, lR, LY=L and ~x are time-invariant. Moreover, using (44), we obtain that in BGE the growth
rate of per capita income is given by
gy ¼
ytþ1 � yt

yt
¼ Atþ1

At

Ltþ1

Lt
� 1 ¼ ð1þ gLÞhðl

R�Þ � 1: ð60Þ
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