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COMPETITION AS AN ENGINE OF
ECONOMIC GROWTH WITH
PRODUCER HETEROGENEITY
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When producers are heterogeneous, the degree of competition between them affects
aggregate output not only via markups and deadweight losses, but also through aggregate
productivity due to specialization. As competition tightens, high-productivity producers
gain market share at the cost of low-productivity ones, generating economic growth
through increased aggregate productivity and capital accumulation, in line with what is
observed empirically. Consequently, competition is not limited to reducing deadweight
losses, and can play a greater role in economic growth and development than traditionally
assumed. Economic growth spurs profits, which leads to entry and increased competition
that generates growth, so competition provides a channel through which the economy
generates growth internally. When strong enough, this channel can make the returns to
scale in the inputs that the economy accumulates endogenously go from being decreasing
to nondecreasing at the aggregate level, thus enabling endogenous growth. In fact, these
returns to scale are determined endogenously in our model, and vary with the scale of
production, the degree of producer heterogeneity, and the barriers to entry.
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1. INTRODUCTION

Competition is not usually considered a source of long-term economic growth, but
merely a factor that can affect how much growth is generated by other sources. For
example, Romer (1987, 1990), Grossman and Helpman (1991), and Aghion and
Howitt (1992) stress the role market power and profits play in providing incentives
for the innovations that drive the technological improvements typically considered
to be the main engine of growth. On the other hand, Nickell (1996), Blundell et al.
(1999), and Aghion et al. (2005) provide evidence that greater competition may
encourage technological progress. In contrast, the present study asks if competition
can play a greater role in explaining economic growth, in particular, whether it can
contribute to generating the rise in aggregate productivity that empirically tends
to accompany economic development, even when it does not affect the rate of
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technological innovation. We find that it can, when productivity is heterogeneous
across producers, because increased competition then makes high-productivity
producers gain market share from those with low productivity, raising aggregate
productivity through increased specialization. Moreover, this effect can be so
strong as to make the returns to scale in the inputs the economy accumulates
endogenously go from being decreasing to increasing, at the aggregate level, thus
enabling endogenous growth.

One of the fundamental propositions of economic theory is that market power
limits production by imposing markups that push prices above marginal costs.
As competition intensifies, the demand for each particular good becomes more
sensitive to its price, and profit-maximizing producers find it optimal to lower
markups, thus reducing deadweight losses and raising production. Once markups
are zero, though, production growth from reducing deadweight losses comes to
a halt, so competition is typically deemed able to produce growth spurts, but
not sustained growth. Furthermore, reducing deadweight losses raises production
by increasing the quantity of inputs used, leaving their productivity unchanged,
so competition increasing over time cannot explain why growth in aggregate
productivity and income go hand in hand empirically, as described by Solow (1957)
[see also Klenow and Rodriguez (1997) and Hall and Jones (1999)]. However,
with heterogeneous producers, aggregate productivity does rise with competition,
because of increased specialization, so its effects are not limited to reducing
deadweight losses.

Competition is driven by rent-seeking. Profits attract new producers, and their
entry leads to more brands to choose among. Consequently, brands become less
distinct, and consumers become more willing to substitute between these, lowering
the market power of each producer. Hence, with free entry, one should expect
competition to intensify as long as profits are positive. As the economy grows,
demand increases, making markets expand and profits rise, which in turn leads to
increased competition and economic growth. As a result, competition can generate
growth from within the economy, just as physical capital does in the Solow (1956)
model, thereby magnifying the impact of all engines of growth. This channel is
particularly important with producer heterogeneity, which amplifies its impact by
raising aggregate productivity as competition increases. When strong enough, it
can make the returns to scale in the inputs the economy accumulates endogenously
(capital) be nondecreasing in terms of aggregate output, even if they are decreasing
for individual producers.

The returns to scale in endogenously accumulated inputs are key for whether or
not an economy can keep growing endogenously.1 However, despite their crucial
role, endogenous-growth models impose the necessary nondecreasing returns by
assumption. In the present framework, the returns to scale are instead determined
by the model itself; moreover, they vary with the scale of production. As capital is
accumulated, the aggregate returns to capital, taking into account the intensifica-
tion of competition and boost to aggregate productivity, go from being decreasing
to increasing. This switch occurs for a lower level of capital the higher is the degree
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of competition, that is, the lower are the barriers to entry. Consequently, our model
can explain not only why different countries experience different growth trajecto-
ries, but also how the growth pattern of each of these can change over time. We find
that a country with high barriers to entry will not only be poorer and experience a
lower growth rate than an identical country with lower barriers, but that it could
even stagnate, while one with low barriers keeps growing endogenously.

Empirically, there is no unambiguous evidence that economic growth has been
accompanied by lower markups historically, nor that these are lower in developed
economies than in underdeveloped ones [see for example Kahyarara (2004) and
Sekkat (2009) versus Tybout (2000) and Singh (2002)]. However, there is little
doubt that market consolidation and specialization in production have accompa-
nied development, and are a significant difference between rich and poor countries.
Production in poor countries tends to be decentralized, with many small indepen-
dent producers with varying degrees of productivity, whereas in rich countries it is
highly concentrated and specialized [Banerji (1978) and Tybout (2000)]. Comin
and Hobijin (2004) and Banerjee and Duflo (2005) suggest that differences in
total factor productivity across countries arise because the share of unproductive
producers is greater in poor countries. Baily et al. (1992), Griliches and Regev
(1995), Liu and Tybout (1996), Olley and Pakes (1996), Tybout (1996), Aw et al.
(2001), and Foster et al. (2001) all find that the expansion of high-productivity
incumbents at the expense of low-productivity ones is an important source of
aggregate productivity growth in the industries they study. Dollar (1992), Sachs
and Warner (1995), and Frankel and Romer (1999) provide empirical evidence for
openness to international trade, and hence international competition and special-
ization among producers, being associated with higher growth rates [see Rodriguez
and Rodrik (2000) for a critique of this evidence]. One should expect the same to
apply for competition and specialization within a country.

Empirical evidence for barriers to entry being associated with lower levels and
lower growth rates of output per worker and productivity is provided by Nickell
(1996), Nicoletti and Scarpetta (2003), and Barseghyan (2008). Hopenhayn (1992)
provides a theoretical explanation for this based on entry costs protecting incum-
bent producers, leading to lower firm-level productivity. Productivity differences
across producers, even within the same industry or sector, are widely documented;
see Bartelsman and Doms (2000) for a survey. That increased specialization can
make aggregate productivity rise in the presence of producer heterogeneity has
been exploited in trade and industry theory; see for example Hopenhayn (1992),
Bernard et al. (2003), and Melitz (2003). This strand of the literature, and the
model in the present paper, differs from that on growth and specialization, such
as Romer (1987) and Grossman and Helpman (1991), in that it is based on pro-
ducer heterogeneity, instead of a preference for variety [Ethier (1982)]. That is,
aggregate productivity does not rise as a result of increased specialization that
results in a larger variety of goods, but rather specialization in the sense that the
most efficient producers become more dominant in production. Hence, our results
rely on producer heterogeneity and increased competition between goods, not on
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a preference for variety. Romer (1986) provides empirical evidence for economies
growing with nondecreasing, and even increasing, returns to scale. Caballero and
Lyons (1992) argue that the statistical evidence is stronger for increasing returns
to scale in aggregate production than at the disaggregate level. Although market
power has received attention in the literature, the main focus has been on its effects
on innovation dynamics, or growth generated by other sources, not on competition
as an engine of growth in its own right.

We show that endogenous economic growth is possible in a closed economy
without technological progress, knowledge accumulation, or product innovation,
even when returns to scale are originally decreasing in the factors of production
that the economy accumulates endogenously, through increased competition. We
do so not because we doubt the importance of other sources of growth, or to suggest
that these are less significant. Instead, we seek to illustrate that competition can
also play a role, a more important role than typically considered, when one takes
into account that producers are heterogeneous. In particular, it can be a relatively
easy and immediate route to growth, as it does not require resources to import
or develop innovations and human capital. This claim is supported by the fact
that struggling economies are typically advised to undertake market reforms to
enhance competition in order to generate swift economic growth. Such reforms
do, however, involve removing barriers to entry, raising market consolidation, and
striking down monopolies, which can be difficult enough. Struggling countries’
typical reluctance to undertake the recommended market reforms reflects this.

Building on the work of Dixit and Stiglitz (1977), Romer (1987), and Gross-
man and Helpman (1991), our model has of an infinite number of differentiated
intermediate goods that are used to compose final goods. The producers of inter-
mediate goods, which compete monopolistically, rent capital, labor, and land from
households in competitive factor markets. Producers are subject to idiosyncratic
productivity shocks that generate the heterogeneity that is key for competition
to have an impact on aggregate total factor productivity. The production side of
the economy is presented in the next section, followed by a section describing
households, which solve a standard intertemporal consumption problem. The
subsequent two sections describe the equilibrium conditions and producer hetero-
geneity and aggregation, respectively. We then show how producer heterogeneity
makes aggregate productivity rise with competition, and how this channel can
make aggregate returns to capital become nondecreasing, despite being decreas-
ing for each individual producer. We conclude that there is greater scope for
competition to generate economic growth than traditionally assumed when one
takes into account that productivity differs across producers.

2. PRODUCTION

Imagine a continuum of measure one of identical final-good producers, indexed
by j ∈ [0, 1], each producing yj units of final good by combining a continuum
of measure I > 1 of differentiated intermediate goods in quantities xij , where
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i ∈ [0, I ]. These use the technology

yj =
[
I− 1

ε

∫ I

0

(
eγi xij

) ε−1
ε di

] ε
ε−1

, (1)

where ε > 1 is the elasticity of substitution between any two intermediate goods,
whereas γi are idiosyncratic shocks to preferences or technology that affect the
relative weight of each intermediate good in the production of the final good. The
elasticity ε determines the degree of competition between differentiated goods,
and thus the market power of each intermediate-good producer, and the overall
degree of competition in the economy. We imagine that the larger the measure
of producers I is, the less distinct each type of intermediate good is, and the
easier it is to substitute between these. As a result, competition becomes fiercer
the larger the measure of producers I , so that ε is increasing in I . Apart from
the idiosyncratic shocks, the production function (1) is a standard Dixit–Stiglitz
(1977) aggregator. The term I−1/ε is required so that aggregate productivity and
output is not increasing in the measure of producers I , unless accompanied by
increased competition ε; that is, it is required so that the model does not feature a
preference for variety.2

Assuming intermediate goods are the only inputs required to produce final
goods, at any point in time each final-good producer j chooses the optimal mix of
these to minimize the cost of provisioning the final good by solving

min
[xij ]I

i=0

∫ I

0
Pixij di, (2)

subject to the production function (1), where Pi is the price of intermediate good
i. The resulting demand for intermediate good i from final-good producer j is

xij =
(

Pi

P

)−ε

e(ε−1)γi I−1yj , (3)

where P is the marginal cost of producing the final good. Because all final-
good producers are identical, they compose identical goods at identical cost, and
because the market for the final good is perfectly competitive, its market price must
equal its marginal cost of production. Combined with the fact that the production
technology (1) satisfies constant returns to scale, this implies that profits in final
good production Pyj − ∫ I

0 Pixij di must equal zero [Shaw et al. (2006)], so that
its price and marginal cost are given by

P =
∫ I

0 Pixij di

yj

=
[
I−1

∫ I

0

(
e−γi Pi

)1−ε
di

] 1
1−ε

. (4)
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Integrating intermediate-good demands (3) across all the final-good producers
yields the aggregate demand for intermediate good i,

Xi ≡
∫ 1

0
xij dj =

(
Pi

P

)−ε

e(ε−1)γi I−1Y, (5)

where Y ≡ ∫ 1
0 yjdj is the aggregate demand for final goods.

Intermediate-good producer i finds the optimal mix of inputs, capital ki , labor
ni and land li , by minimizing their total cost, solving

min
ki ,ni ,li

Rki + Wni + F li, (6)

subject to its Cobb–Douglas production function

Xi = ezi kα
i n1−α−ν

i lνi , (7)

where W is the wage, R is the rental rate of capital, F is the rental rate of land,
α ∈ (0, 1), ν ∈ (0, 1), 1 − α − ν ∈ (0, 1), and zi represents the technology used
by producer i. The resulting first-order conditions yield the factor demands

ki = α
λiXi

R
, (8)

ni = (1 − α − ν)
λiXi

W
, (9)

li = ν
λiXi

F
, (10)

where

λi ≡ e−zi

(
R

α

)α (
W

1 − α − ν

)1−α−ν (
F

ν

)ν

(11)

is the marginal cost of producing intermediate good i.
Producer i must also price its good, and does so by choosing the price Pi that

maximizes its profits given the demand (5) it faces, and thus solves

max
Pi

�i = (Pi − λi)

(
Pi

P

)−ε

e(ε−1)γi I−1Y. (12)

Profit maximization yields

Pi = ε

ε − 1
λi, (13)

the usual gross mark-up ε/(ε − 1) ∈ (1,∞). Substituting for the marginal cost
(11) and inserting into the price aggregator (4) yields

P =
(

R

α

)α (
W

1 − α − ν

)1−α−ν (
F

ν

)ν
ε

ε − 1

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
1−ε

,

(14)
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and thus the relative price

Pi

P
=

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

e−zi . (15)

Inserting this relative price (15) into the demand function (5) for intermediate
good i, then inserting the resulting equation and the marginal cost of production
(11) into the factor demands (8), (9), and (10), and integrating across producers,
yields the aggregate demands for capital, labor, and land,

K =
(

R

α

)α−1 (
W

1 − α − ν

)1−α−ν (
F

ν

)ν

Y

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
1−ε

, (16)

N =
(

R

α

)α (
W

1 − α − ν

)−α−ν (
F

ν

)ν

Y

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
1−ε

, (17)

L =
(

R

α

)α (
W

1 − α − ν

)1−α−ν (
F

ν

)ν−1

Y

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
1−ε

, (18)

respectively, where K ≡ ∫ I

0 kidi, N ≡ ∫ I

0 nidi, and L ≡ ∫ I

0 lidi. Without loss of
generality, we let the final good be the numeraire, so that P ≡ 1.

3. HOUSEHOLDS

Households rent labor N , capital K , and land L to intermediate-good producers
in order to provide for consumption C and the accumulation of capital. Because
households are assumed to be identical, aggregation is trivial, so we focus on
aggregates directly. In order to simplify, labor and land are assumed to be supplied
inelastically, with their supplies normalized to N and one, respectively.3 Given
these assumptions, households seek to maximize the discounted lifetime utility of
consumption, ∫ ∞

0
e−ρt C (t)1−θ − 1

1 − θ
dt, (19)

subject to the budget constraint

K̇ + C = WN + RK + F − δK + � (20)

with respect to the control C and the state K , given a constant relative risk-aversion
parameter θ > 0, discount rate ρ ∈ (0, 1), capital depreciation rate δ ∈ (0, 1), and
initial condition K(0) > 0. Here, � = ∫ I

0 �idi denotes the profits generated in
the production of intermediate goods. The first-order conditions yield

Ċ

C
= R − δ − ρ

θ
, (21)

the usual requirement for the optimal consumption path.4
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4. EQUILIBRIUM

Setting the aggregate demand for land (18) equal to its inelastic unitary supply
yields

Y =
(

I−1
∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

KαN1−α−ν, (22)

after exploiting that the aggregate demands for factors of production (16)–(18)
imply R/F = α/(νK) and W/F = (1 − α − ν)/(νN), which guarantee an
optimal mix of capital, labor, and land in the production of intermediate goods.
Combining these two conditions with the one for the price level (14), and exploiting
the fact that the final good is the numeraire, yields

R = α

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

Kα−1N1−α−ν ε − 1

ε
, (23)

W = (1 − α − ν)

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

KαN−α−ν ε − 1

ε
, (24)

F = ν

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

KαN1−α−ν ε − 1

ε
, (25)

the equilibrium wage and rental rates.
From aggregate production (22), we have aggregate total factor productivity

A ≡
(

I−1
∫ I

0
e(ε−1)(γi+zi )di

) 1
ε−1

, (26)

which determines how efficiently labor and capital are converted into final goods.
There are two stages in this process, inputs producing intermediate goods, and
intermediate goods producing final goods, so total factor productivity depends
on the efficiency with which each of these two stages is carried out, which is a
function of the two shocks zi and γi , respectively. From above, it is clear that these
two shocks are perfect substitutes in terms of aggregate variables, because total
factor productivity depends on their sum.

5. HETEROGENEITY

It follows from the generalized mean inequality that total factor productivity A,
defined in (26), is increasing in ε, as long as producers are heterogeneous (γi + zi

varies across producers).5 Intuitively, increased competition ε leads to greater
substitution between low- and high-productivity producers, thus raising aggregate
productivity. Although any nondegenerate distribution of heterogeneity makes
total factor productivity increase with ε, assume that the particular example where
γi + zi for all i ∈ [0, I ] is a collection of independent and identically distributed
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random variables such that conditional on ε, the expected value and variance
of exp[(ε − 1)(γi + zi)] are both finite. In this case, Uhlig (1996) shows that
conditional on ε,

I−1
∫ I

0
e(ε−1)(γi+zi )di = E

(
e(ε−1)(γi+zi )

)
(27)

holds because of the law of large numbers, where the right-hand side is the
moment-generating function of the random variable γi +zi . Assuming furthermore
that γi + zi is normally distributed with mean −σ 2/2 and variance σ 2, so that
E[exp(γi + zi)] = 1 is not increasing in heterogeneity σ , we have

E
(
e(ε−1)(γi+zi )

) = e
σ2

2 ((ε−1)2−(ε−1)), (28)

and aggregate total factor productivity

A = e
σ2

2 (ε−2), (29)

for all ε > 1.6 As a result, we have aggregate production

Y = e
σ2

2 (ε−2)KαN1−α−ν, (30)

and factor prices

R = αe
σ2

2 (ε−2)Kα−1N1−α−ν ε − 1

ε
, (31)

W = (1 − α − ν) e
σ2

2 (ε−2)KαN−α−ν ε − 1

ε
, (32)

F = νe
σ2

2 (ε−2)KαN1−α−ν ε − 1

ε
, (33)

for capital, labor, and land, respectively.

6. COMPETITION-INDUCED GROWTH

Competition reduces markups and the deadweight losses these generate, raising
production by employing greater quantities of inputs. This traditional effect does
not rely on producer heterogeneity, and can be seen in the factor prices (31)–
(33), which rise toward their respective marginal products as ε increases. With
producer heterogeneity, however, competition further boosts production by raising
aggregate total factor productivity (29). As competition increases, substitution
between intermediate goods becomes easier, so more of the low-productivity
goods are replaced with high-productivity ones, thus raising the amount of final
goods that can be produced for any quantity of labor and capital.7 This effect on
aggregate productivity is greater the more heterogeneous productivity is among
intermediate-good producers, that is, the greater σ is, because that means there
is more to be gained from substituting between these.8 By raising aggregate
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productivity, competition has a greater impact on the economy, and is not limited
to eliminating deadweight losses.

In an economy such as the one described in the preceding, with no innovations in
products or production techniques that allow a producer to maintain the uniqueness
of her product, one would expect profits to attract new producers, which would in
turn make competition intensify. Inserting the profit-maximizing pricing equation
(13), relative price (15), the marginal cost of production (11), and the equilibrium
factor prices (31)–(33) into producer i’s profit function (12) yields

�i = Y

ε

(
I−1

∫ I

0
e(ε−1)(γi+zi )di

)−1

I−1e(ε−1)(γi+zi ), (34)

which is always positive, because producers apply a positive markup. With a fixed
cost φ > 0 of staying in business (lump-sum transfers to households directly
through marketing efforts, or indirectly through the government as licenses), pro-
ducers enter or exit until their expected profits equal this fixed cost, so that

E (�i) =
∫ I

0
�idi = Y

ε
= φ, (35)

assuming they decide whether or not to stay in business prior to learning their
idiosyncratic shocks.9 Inserting aggregate output (30) into the entry condition
(35) and rearranging yields

−σ 2

2φ
e−σ 2

KαN1−α−ν = −σ 2

2
εe− σ2

2 ε, (36)

which has the solution

ε = − 2

σ 2



(
−σ 2

2φ
e−σ 2

KαN1−α−ν

)
, (37)

where 
 is the Omega function.10 Substituting into the production function (30)
yields

Y = e
−


(
− σ2

2φ
e−σ2

KαN1−α−ν
)
−σ 2

KαN1−α−ν = −2φ

σ 2



(
−σ 2

2φ
e−σ 2

KαN1−α−ν

)
,

(38)

where the last equality follows from the entry condition (35).
For � > 0, −
(−�) is strictly increasing and convex in � , whereas � =

ηKα is strictly increasing and concave in K , where η = 2−1φ−1σ 2e−σ 2
N1−α−ν >

0, so Y is strictly increasing in K , but can be concave or convex. In fact, computing
the second-order derivative,

∂2Y

∂K2
= −2αφ
 (−ηKα)

α − 1 − [2 + 
(−ηKα)] 
(−ηKα)

σ 2 [1 + 
(−ηKα)]3 K2
, (39)
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σ > 0

σ = 0

K* K

Y

FIGURE 1. Aggregate production as a function of capital with and without heterogeneity.

shows that Y is strictly concave in K for 0 < K < K∗ and strictly convex for
K > K∗, as is illustrated in Figure 1, where

K∗ ≡ e
√

α−1
α

[
2φ

(
1 − √

α
)

σ 2N1−α−ν
eσ 2

] 1
α

, (40)

which can be obtained by solving ∂2Y/∂K2 = 0.11 The aggregate returns to
scale in capital are determined by two opposing effects. The first is the standard
diminishing returns to capital that arise with Cobb–Douglas production functions.
The second effect, which relies on heterogeneous producers and endogenous entry,
makes aggregate total factor productivity rise with capital accumulation, as a result
of increased specialization due to entry driven by profits, which are increasing in
aggregate output, and thus in capital. Because total factor productivity grows
exponentially as ε rises (29), this effect through competition eventually makes
the returns to capital go from being decreasing to increasing, as is illustrated in
Figure 1. This occurs for all α ∈ (0, 1), so returns to capital eventually become
increasing in terms of aggregate output no matter how decreasing they are from the
perspective of each individual producer.12 However, the threshold K∗ is lower the
smaller φ is, as this makes the degree of competition ε larger and more responsive
to changes in aggregate output.13 In the limit case where φ approaches zero, returns
to capital become increasing for all K > 0. Hence, barriers to entry and the degree
of competition can determine whether there are decreasing or increasing returns to
capital at the aggregate level, and thus whether the economy can keep on growing
endogenously simply by accumulating capital.
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σ > 0

σ = 0

φ
L

φ
M

φ
H

φ
Lφ

M

φ
H

K

R

FIGURE 2. Rental rate as a function of capital with and without heterogeneity.

As usual, households’ intertemporal consumption decision (21) makes the
growth rate of consumption be determined by the rental rate of capital R, in
addition to the parameters for risk aversion θ , discount rate ρ, and depreciation
rate δ. Inserting the solution (37) for ε into the equilibrium rental rate (31) yields

R = −αφ

[
2

σ 2



(
−σ 2

2φ
e−σ 2

KαN1−α−ν

)
+ 1

]
K−1 = α

(
Y

K
− φ

K

)
, (41)

where the last equality follows from the solution for output (38), and shows
how barriers to entry (φ) lower the rental rate, and hence the growth rate of
consumption.14 Figure 2 plots several possible paths for the rental rate, for low,
medium, and high barriers to entry (φL, φM , and φH , respectively). For any given
φ > 0, Y/K −φ/K is negative for K < φ1/αN(α+ν−1)/α exp[σ 2/(2α)]. However,
because the marginal product of capital is always positive, its rental rate (31)
can only be negative if ε < 1. This is not allowed in our model, as it would
make markups and profits negative, so intermediate-good producers would stop
producing. Consequently, Figure 2 assumes that the rental rate of capital is zero
whenever the capital stock is so low that Y − φ is negative (though the model is
not really defined for ε < 1).

As capital is accumulated, its marginal product declines for each individual
producer, which puts a downward pressure on its rental rate. At the same time
competition increases, lowering markups and raising aggregate total factor pro-
ductivity, both of which contribute to raise the rental rate of capital. Depending
on the relative sizes of these effects, which depend on φ, the rental rate can be
increasing or decreasing in the capital stock. However, because the only effect that
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does not diminish as capital is accumulated is the one on aggregate productivity,
it eventually comes to dominate, so that the rental rate becomes increasing in
capital for a large enough capital stock, thus preventing it from converging to
zero. For comparison, Figure 2 includes paths for the rental rate when there is
no heterogeneity (σ = 0), which can also be increasing or decreasing in capital,
depending on whether the effect of a falling marginal product or falling mark-up
dominates, which in turn depends on φ. However, when competition does not
affect aggregate productivity, eventually the rental rate converges toward zero.
Hence, without heterogeneity, consumption growth eventually comes to a stop,
or becomes negative, for a high enough level of capital accumulation, but this is
not necessarily the case with heterogeneity. In particular, when φ is low enough
for the rental rate never to fall below δ + ρ, the consumption growth rate (21) is
positive for all capital levels, which implies that the economy itself must be grow-
ing, which it can only do endogenously by accumulating capital (in the present
model). Intuitively, if the rental rate of capital never falls below the threshold at
which households stop raising the capital stock, because its accumulation raises
competition and hence aggregate productivity, the capital stock, and the economy,
can keep on growing endogenously.

Not only do barriers to entry lower the rental rate, and hence the consumption
growth rate and incentives to accumulate capital, but in addition they can halt
consumption growth long before the decreasing returns to capital become an
obstacle. The reason is that as competition approaches its lower limit ε → 1, the
rental rate (31) converges toward zero no matter what the marginal product of
capital is. Hence, when the barriers to entry are high enough, the rental rate can be
too low to support any positive consumption growth no matter how low the capital
stock is, because competition is decreasing in expected profits and therefore also
in physical capital. As Figure 2 shows, for high enough values of φ, the rental
rate will be lower with a small capital stock than with a large one, implying that
capital accumulation and growth could come to a halt long before they really take
off. This applies whether or not there is heterogeneity, that is, whether or not the
degree of competition affects aggregate productivity.

Aggregate total factor productivity,

A = e
−


(
− σ2

2φ
e−σ2

KαN1−α−ν
)
−σ 2

, (42)

is increasing in capital K for σ > 0, first concave then convex (plotted as a function
of capital it looks similar to the plot of aggregate output in Figure 1). This switch
in the second-order derivative is what makes aggregate output switch from being
concave to convex in capital, a property that comes from total factor productivity
growing exponentially as a function of the degree of competition (29). Without
heterogeneity, A = 1 and Y = KαN1−α−ν , because 
(0) = 0, and aggregate
output would always be concave in capital, as in the Solow (1956) model. With
heterogeneity, competition works as an externality. Because producers take entry
and the degree of competition to be independent of their individual actions, they
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perceive the marginal product of each of the inputs to be decreasing in the quantity
of the input itself, even when it is constant or increasing for the economy as
a whole. Likewise, households, which take the real rental rate as given, ignore
the effect capital accumulation has on aggregate total factor productivity through
entry and competition. Hence, this effect is a pure externality that does not affect
individual behavior, nor their optimal decisions [as in the endogenous-growth
models of Romer (1986) and Lucas (1988)].

7. CONCLUSION

Explaining differences in the level and growth rate of income across countries to
a great extent boils down to explaining differences in the level and growth rate
of aggregate productivity, because the two go hand in hand empirically. With the
usual assumption of homogeneous producers, competition has no impact on ag-
gregate total factor productivity, and therefore plays little or no role in accounting
for differences in income and growth. However, with heterogeneous producers,
competition does influence aggregate productivity, by affecting the degree to which
high-productivity producers replace low-productivity ones. As a result, countries
with dissimilar degrees of domestic competition can experience important differ-
ences in aggregate productivity, despite using identical production technologies.
Moreover, we find that barriers to entry and the degree of competition can affect
the returns to scale in aggregate production, and thus whether or not an economy
can keep on growing simply through the endogenous accumulation of inputs.
This illustrates the importance of having well-functioning institutions, markets,
and incentive mechanisms, in addition to low barriers to entry, so that profits
attract competition, which in turn raises productivity and production. The degree
of competition can also be affected by legislation, the enforcement of antitrust
measures, and other efforts by government or consumer advocacy groups, as well
as actions taken by producers to distinguish their brands through marketing, or
other efforts such as collusion, to lower the degree of competition. The availability
of cheap transportation, communication, and national or international markets can
also affect barriers to entry and competition.

Our model assumes there are no innovations in products or production tech-
niques, and free entry, so markups fall as the economy grows. Obviously, the
average markup would not systematically fall with the continuous development
of proprietary innovations protected by patents or as trade secrets. Our stylized
model ignores such innovations in order to isolate the effects of competition and
the specialization in production that it leads to. In the limit (ε → ∞), when all
production is undertaken by the most efficient producer, growth from increased
competition would come to a halt, because it is driven by the substitution from low-
to high-productivity producers. However, with the development of new products
and industries, the process would start over again, with the entry of new produc-
ers as patents expired, leading to increased competition and gradual substitution
toward the most efficient producers in the industry. Hence, although markups fall
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as industries mature, the continuous development of new industries would prevent
the average markup in the economy from declining.

Although competition can raise aggregate productivity and contribute to gener-
ating sustained economic growth, measuring its importance as a source of growth
can be difficult. The reason is that, according to our model, its effects can be indis-
tinguishable from those of technological improvements in terms of aggregate data.
However, it should be possible to distinguish between the two using producer-level
data, because competition makes aggregate productivity grow without affecting
the productivity of each individual producer. Hence, to the extent that productivity
has grown faster at the aggregate level than for individual producers, there is
scope for competition to have played a role. Alternatively, the effects of increased
competition can be observed through increased specialization.

Our model features scale effects, in that large economies would be more prone
to experiencing a higher degree of competition, nondecreasing returns to capital,
and hence higher output and growth rates, contrary to the empirical evidence
[Backus et al. (1992) and Jones (1995b)]. The reason is that profits, and thus entry
and competition, are increasing in both capital and labor. Of course, what matters
is the size of the market that a producer can reach, so populous economies with
fragmented markets would not necessarily have an advantage over less populous
economies. Likewise, access to international markets means that the size of a
country, or its population, becomes less relevant for the degree of competition.

NOTES

1. Returns to scale also have important implications for the possible causes of business cycles, the
amplification of the shocks generating these, and the measurement of Solow residuals; see Benhabib
and Farmer (1994), Deveraux et al. (1996), and Cole and Ohanian (1999). Interactions between total
factor productivity growth and business cycles are studied by Geroski and Walters (1995), Jones
(1995a), Aghion and Saint-Paul (1998), Andolfatto and MacDonald (1998), and Maliar and Maliar
(2004).

2. Imagine each intermediate-good producer was split into two identical ones, each pro-
ducing exactly half as much as the original one. Assume, in addition, that all intermediate
goods are identical. We would have twice as many intermediate-good producers, but the same
amount of intermediate goods, so final-good production yj should be unchanged. With the pro-

duction technology yj = [I a
∫ I

0 (eγi xij )
(ε−1)/εdi]ε/(ε−1) our reorganization would yield yj =

[(2I )a
∫ 2I

0 (eγi xij /2)(ε−1)/εdi]ε/(ε−1) = 2(aε+1)/(ε−1)[I a
∫ I

0 (eγi xij )
(ε−1)/εdi]ε/(ε−1), which is only

unchanged when (aε + 1)/(ε − 1) = 0, that is, when a = −ε−1.
3. Including land as an inelastically supplied input makes it easier to derive the aggregate production

function, because otherwise the production side pins down only the factor mix, not the levels.
4. In addition, we have the transversality condition limt→∞ e−ρtC(t)−θK(t) = 0, which is also

standard.
5. The generalized mean inequality states that if q < m, then (

∫ I
0 r

q
i di)1/q ≤ (

∫ I
0 rm

i di)1/m, and
the two are equal if and only if ri = r for all i, for any positive real numbers ri and real q 	= 0, with
I > 0. See for example Hardy et al. (1952).

6. If technology improves over time so that the mean of γi + zi increases, aggregate total factor
productivity will grow even if ε remains constant. Because our focus is on the effects of changes in
competition, we imagine that γi + zi has a constant mean. We assume a mean of −σ 2/2, so that the
average productivity of individual firms does not increase with heterogeneity σ .

https://doi.org/10.1017/S136510051400042X Published online by Cambridge University Press

https://doi.org/10.1017/S136510051400042X


COMPETITION AS AN ENGINE OF GROWTH 377

7. Bretschger and Steger (2013) argue that market integration can also impact economic growth
by reducing volatility and uncertainty. Wilson (2004) finds that lower risk is associated with lower
growth.

8. The effect of competition on aggregate productivity does not depend on producer heterogeneity
σ increasing with entry, so it is here assumed to be independent of the measure of producers I and the
degree of competition ε. If heterogeneity increased with entry, there would be an additional increase
in aggregate total factor productivity.

9. If producers knew their idiosyncratic shocks before deciding to produce, entry and exit would
affect the distribution of productivity of those that ended up producing.

10. The Omega function, also called the Lambert W function and the product logarithm, is the
inverse relation of the function g(ω) = ωeω , so 
(ω)e
(ω) = ω. It has no representation in terms
of elementary functions, but can be approximated numerically, as discussed in Corless et al. (1996).
For ω < 0 it is a multivalued relation, and thus not really a function, with an upper (principal) branch
denoted 
 and a lower branch denoted 
−1. We use the upper branch solution because the lower one
would make output decreasing in input use. The function’s derivative 
′(ω) = 
(ω)/{ω[1 + 
(ω)]}
for ω 	= {0, e−1}.

11. Output Y is not defined for K > [2φ/(σ 2N1−α−ν) exp(σ 2 − 1)]1/α > K∗, because 
(ω) is not
real-valued for ω < −e−1, meaning that there is no real-valued ε that solves the entry condition (36).

12. Contrary to Palivos and Karagiannis (2010), we keep the elasticity of substitution between
factors constant.

13. Raising the labor input N reduces the threshold K∗, as it also makes ε larger and more responsive
to changes in the aggregate capital stock. Greater heterogeneity σ can push the threshold either way.

14. This applies also without heterogeneity, because then R = αKα−1N1−α−ν −φ/K = α(Y/K −
φ/K).
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