
 
 

 
 

 
 
 

 
by 
 

 
  

http://ssrn.com/abstract=2215027 

 

 
Sînâ T. Ateᶊ and Felipe E. Saffie  

 
 
 
 

  
 

 
 

“Project Heterogeneity and Growth 
The Impact of Selection” 

 
 
 
 

PIER Working Paper 13-011 

Penn Institute for Economic Research 
Department of Economics 
University of Pennsylvania 

3718 Locust Walk 
Philadelphia, PA 19104-6297 

pier@econ.upenn.edu 
http://economics.sas.upenn.edu/pier 

http://ssrn.com/abstract_id=
mailto:pier@econ.upenn.edu
http://economics.sas.upenn.edu/pier


Project Heterogeneity and Growth:

The Impact of Selection ∗
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[PRELIMINARY]

Abstract

In the classical literature of innovation-based endogenous growth, the main engine
of long run economic growth is firm entry. Nevertheless, when projects are heteroge-
neous, and good ideas are scarce, a mass-composition trade off is introduced into this
link: larger cohorts are characterized by a lower average quality. As one of the roles of
the financial system is to screen the quality of projects, the ability of financial inter-
mediaries to detect promising projects shapes the strength of this trade-off. In order
to study this relationship, we build a general equilibrium endogenous growth model
with project heterogeneity and financial screening. To illustrate the relevance of the
mass and composition margins we apply this framework to two important debates in
the growth literature. First, we show that corporate taxation has only a weak effect
on growth, but a strong effect on firm entry, both well known empirical regularities.
A second illustration studies the effects of financial development in growth. A word
of caution arises: for economies that are characterized by high rates of firm creation,
domestic credit should not be used as a proxy of financial development, in contrast to
most of the empirical literature.
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1 Introduction

There is a growing empirical and theoretical literature that examines the relationship between
financial development and long-run growth.1 The macroeconomic workhorse, the Ramsey-
Cass-Koopmans model, shows that the only reliable source of long-run growth is increases
in productivity; hence, a study of the impact of financial development on growth needs to
focus on the mechanisms that link the financial system with the productivity process of the
economy. Thus, any model with an exogenous productivity process is not well suited for this
task.

Early models of innovation such as Grossman and Helpman (1991) and Aghion and
Howitt (1992) provide a framework to find tractable micro-foundations for the productivity
process at the core of macroeconomic models. The main mechanism that creates productivity
growth is Schumpeterian creative destruction: entrepreneurs with a new invention (creative)
have lower production costs; when they enter the market, they replace the former leader
(destruction) of a product line. Hence, entry plays a central role in the determination of
long run growth. In fact, Bartelsman et al. (2009) use firm level data for 24 countries to
study firm dynamics and the sources of productivity growth. They document that between
20% and 50% of the overall productivity growth is explained by net entry. Moreover, a
sizeable fraction of new entrants use external finance in order to access the market. For
instance, Nofsinger and Wang (2011) document that 45% of the start up in their 27 country
panel was using external funding. In combination, a first link between finance and growth
can be seen: more developed financial systems are able to pool more funds to finance more
start-ups, and the higher entry rate materializes into more creative destruction and hence
more growth. This is the underlying assumption in most of the empirical literature that
uses size measures, such as the fraction of domestic credit over GDP, as proxies for financial
development.

Nevertheless, not all ideas are good, and good ideas are scarce. In fact, Silverberg and
Verspagen (2007) document that both patent citation and returns to patenting are highly
skewed toward relatively few patents. Hence, selecting the most promising projects is not a
trivial task. If the financial system has access to a screening device then it creates value not
only by pooling funds, but also by using them more efficiently. Benfratello et al. (2008) use
Italian firm level data to show that the development of banking affected the probability of
firm innovation. Another recent study by Fracassi et al. (2012), using start up application
data for a major venture capital in United States, documents a loan approval rate of only
18.2%. Moreover, credit allocation is far from being random; in fact, funded start-ups in
their sample survive longer and are more profitable than rejected ones. This implies that
financial intermediation is not only about the mass of the entrant cohort, but also about its
composition. Thus, a model that studies the link between the financial system and long run
economic growth needs to include not only the mass but also the composition dimension.

In order to understand how mass and composition effects shape long run productivity
growth, we modify the quality-ladder framework of Grossman and Helpman (1991) along
two dimensions. First, we introduce ex ante project heterogeneity that is translated into ex
post firm heterogeneity in the intermediate good sector. Second, we introduce a non trivial

1The seminal contribution by Levine (2005) provides a thorough review.
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financial system, with access to a screening technology, which accurately represents the level
of financial development. The analytical characterization of the unique interior balanced
growth path shows how the creative destruction in this economy is shaped by the interaction
between mass and composition of the entrant cohorts. Then, two quantitative experiments
illustrate both the strength and the relevance of the composition effect introduced in this
article.

The first experiment relates the model to the empirical literature on corporate taxation,
firm entry, and growth. The model is able to generate mild responses in growth for a wide
range of corporate taxes, and at the same time match the much stronger effect on entry rates.
The main underlying intuition comes from the strength of financial selection. When taxes
increase, a large set of projects are not enacted. Nevertheless, when the screening technology
is accurate enough, the marginal contribution of those entrants to economic growth is almost
negligible. Moreover, since the composition of an entrant cohort is decreasing in its size, the
tradeoff between mass and composition is highly non linear, being dominated by mass for
low entry rates and by composition for high ones.

The second quantitative illustration revisits the classical link between financial develop-
ment and growth. In line with the empirical literature, the model suggests that improve-
ments in the accuracy of the screening technology generate higher marginal gains in terms
of economic growth per entrant for financially more developed economies. This experiment
also shows that for countries characterized by high entry rates, mass related measures are
extremely misleading when proxying for financial development.

This paper is structured as follows. Section 2 reviews some of the related contributions
in the endogenous growth literature, then Section 3 presents the model and the analytical
results, which are illustrated by two quantitative experiments in section 4, and section 5
concludes.

2 Related Literature

The existence of a financial structure that evaluates investment projects has been in the
growth literature for a long time.2 Greenwood and Jovanovic (1990) introduced this idea
into an externality driven endogenous growth model inspired by Romer (1986) to study
the interdependence between financial development and economic growth. One study in
that strand to which the current work particularly relates is Bose and Cothren (1996).
They study how improvements in the screening technology of the financial system affect
the economic growth rate of the economy. In a nutshell, they build a two type (borrowers
and lenders) overlapping generation model where young borrowers seek resources to start
heterogeneous projects. Financial intermediation uses screening and rationing to allocate the
resources of the lenders. Projects differ only in their success probability (low or high), and
the economy growth rate is driven by the externality generated by the average capital stock
in the economy. They show that cost reducing improvements in the screening technology can
decrease economic growth. Notice that heterogeneity and financial selection influence growth

2We can trace this idea back to Bagehot (1878) and Schumpeter (1934), but a more formal exposition
can be found on Boyd and Prescott (1986).
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only through the mass of successfully enacted projects. Moreover, one of the main limitations
of this class of endogenous growth models is their inability to provide micro-foundations for
output growth which emerges only through the accumulation of physical capital.

An early innovation based endogenous growth model with heterogeneity and financial se-
lection is proposed by King and Levine (1993a). They introduce heterogeneity to the original
Aghion and Howitt (1992) model dividing the population between agents that are capable to
manage an innovative project and individuals that are not. The role of the financial system
is to pool resources and try to identify capable individuals in order to put them in charge of
project enaction. Hence, the better the screening device the larger the mass of innovation
generated in the economy. A recent contribution by Jaimovich and Rebelo (2012) builds
on the non-Schumpeterian innovation tradition of Romer (1990), including heterogeneous
agents as in Lucas (1978) to study the non linear relationship between taxation and long
run growth. In their model every successfully enacted project enlarges the measure of inter-
mediate good varieties by the same amount. Nevertheless, entrepreneurs are heterogeneous
in their ability to enact projects. As the ability distribution is skewed, only few of them
account for most of the generation of new varieties and, thus, output growth. Hence, as
taxation discourages relatively unproductive entrepreneurs, both the mass of firms created
and the growth rate of the economy decrease very mildly for a wide range of tax rates.

None of the endogenous growth models discussed above attempt to link the ex-ante
heterogeneity with ex-post differences on the production side. Hence, the impact of financial
selection is only driven by the mass effect.3 In particular, these models imply a monotonic
relationship between firm entry and growth: the larger the mass of an entrant cohort, the
higher the growth rate of the economy. In contrast, instead of using heterogeneity on the
success rate, our model includes ex ante project heterogeneity that is also translated into
ex post firm heterogeneity, generating a non monotonic and non linear relationship between
entry and growth rates.

3 Model

This model builds on the classical endogenous growth literature of quality-ladder models. In
line with the seminal contributions of Grossman and Helpman (1991) and Aghion and Howitt
(1992), a continuum of intermediate good varieties, indexed by j ∈ [0, 1], are used for final
good production and the producer with the lower marginal cost monopolizes the production
of its variety.4 The engine of economic growth is the creative destruction generated by suc-
cessfully enacted projects where the former leader is surpassed by a newcomer with a lower
marginal cost. In order to disentangle the mass and composition effect of financial intermedi-
ation, we modify this framework to allow for project heterogeneity and financial selection. A
representative financial intermediary owns a unit mass of projects, indexed by e ∈ [0, 1], and
borrows resources from the representative household to enact a portion of them. First, we
introduce heterogeneity in both projects and cost advantages. In particular, after enaction,

3We can say that projects are heterogeneous only in their success rate, just as in the non innovation
based tradition.

4For a recent review of the relevance and scope of this framework see Aghion et al. (2013).
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a successful project can generate either a drastic or an incremental cost reduction innova-
tion in a product line. This implies that leaders have heterogeneous cost advantages over
their followers. Moreover, since projects are characterized by their idiosyncratic probability
of generating a drastic innovation, there is also heterogeneity before enaction. Second, we
introduce financial selection by allowing the financial intermediary to access a costless yet
imperfect screening device. In this section, we introduce the components of the model, define
a competitive equilibrium and a balanced growth, and derive the analytical characterization
of the model.

3.1 The Representative Household

The representative household lends assets (at+1) to the financial intermediary at the interest
rate rt+1 and receives the profits of the financial intermediary (πt) as well as the revenue
generated by corporate taxation (Tt), which the government levies on intermediate firms. The
household supplies L units of labor inelastically, and future utility is discounted at rate β. We
assume constant relative risk aversion utility to allow for a balanced growth path equilibrium,
and intertemporal elasticity of substitution of 1

γ
≤ 1. In particular, given the sequences of

wages, interest rates, profits, lump sum transfers of tax revenue {wt , rt+1 , Πt , Tt}∞t=0, and
initial asset a0, the representative household chooses consumption, assets {ct , at+1}∞t=0 to
solve: 5

max
{ct , at+1}

∞

t=0

{
∞∑

t=0

βt c
1−γ
t

1− γ

}

(1)

sbj. to

ct + at+1 ≤ wtL+ at(1 + rt) + Πt + Tt (2)

at+1 ≥ 0 (3)

As shown in equation (2), the price of consumption is set to unity since we use final good as
the numeraire. The interior first order condition that characterizes this program is

(
ct+1

ct

)γ

= β (1 + rt+1) . (4)

3.2 Final Good Sector

Using a constant returns to scale technology, the representative final good producer combines
intermediate inputs to produce the final good

lnYt =

∫ 1

0

ln xD
j,tdj,

which in turn provides resources for consumption.6 In particular, given input prices and

wages {wt , pj,t}, the final good producer demands intermediate varieties
{{

xD
j,t

}

j∈[0,1]

}

every

5Subject to the standard transversality condition.
6Since this is a long run model, adding capital to the final good production does not affect the main

features of the model. For a stochastic quantitative version of this model that includes capital accumulation
see Ates and Saffie (2013)
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period in order to solve

max
{

{xD
j,t}j∈[0,1]

}

≥0

{

exp

(∫ 1

0

ln xD
j,tdj

)

−
∫ 1

0

xD
j,tpj,tdj

}

, (5)

This problem is fully characterized by the following interior set of first order conditions:

xD
j,t =

Yt

pj,t
. (6)

3.3 Intermediate Good Sector

In line with the endogenous growth literature, we assume that the amount of the intermediate
good j produced, xj,t, is linear in labor lj,t, with constant marginal productivity qj,t.

7 Thus,

xj,t = lj,tqj,t. (7)

The efficiency of labor in the intermediate good production evolves with each technological
improvement generated by successful innovation. Innovations are heterogeneous in their
capacity to improve the existing technology. In particular, the evolution of technology follows

qj,t = Ij,tqj,t−1

(

1 + σd
)

+ (1− Ij,t) qj,t−1; d ∈ {L,H} (8)

where Ij,t is an indicator function that equals to 1 if the product line j receives an innovation
in period t, and 0 otherwise, implying that this period, the level of productivity is the same
as in the last period. Moreover, σd is the heterogeneous step size of the innovation, with
σH > σL > 0.8 This implies that high type projects (H) improve the productivity of labor
more drastically than low type projects (L). Therefore, the leaders are heterogeneous in their
absolute distance to the closest follower.9

In line with the literature, we assume Bertrand monopolistic competition. This set-up
implies that the competitor with the lower marginal cost dominates the market by following
a limit pricing rule, i.e. she sets her price, pj,t equal to the marginal cost of the closest
follower. Denote the efficiency of the closest follower, by q̃j,t, then:

10

pj,t =
wt

q̃j,t
. (9)

7The constant elasticity aggregation on the final good production and this linear production function for
intermediate varieties is the standard procedure in the literature to generate constant markups and hence
avoid history dependence in each product line.

8Incumbent heterogeneity has been introduced in step by step models even with rich incumbent dynamics,
for example in Akcigit and Kerr (2010). That literature usually follows a quantitative approach and do not
include financial selection.

9We allow only two types in order to summarize the composition of the product line with only one
variable, the fraction of leaders with σH advantage.

10Note that, as there is no efficiency improvement by incumbents, hence qj,t = (1+σd)q̃j,t. This framework
can be easily extended to allow for undirected incumbent innovations.
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In any product line j, the owner of the latest successful project of type d reaps profits πd
j,t at

time t. Profits are subject to tax rate τ . A firm owner collects after-tax profits in the current
period. In the next period, this firm will continue to produce if it is not replaced by a new
leader. If a mass Mt+1 of projects is enacted at time t+1, and each of them is successful with
fixed probability λ, the existing firm will continue to produce with probability 1 − λMt+1.
Then, given interest rate rt+1, the value V

d
j,t of owning the product line j at time t for a type

d leader is given by

V d
j,t = (1− τ)πd

j,t +
1− λMt+1

1 + rt+1
V d
j,t+1. (10)

In this framework, incumbents are randomly replaced by more efficient entrants. This is the
engine of economic growth in the model, the Schumpeterian creative destruction. Bartelsman
et al. (2009) use firm level data for 24 countries to study firm dynamics and the sources of
productivity growth. They document that between 20% and 50% of the overall productivity
growth is explained by net entry. Then, focusing this model on firm entry allow us to
disentangle one of the main sources of productivity growth.

3.4 Projects

Projects are indexed by e ∈ [0, 1]. The fixed cost of enacting a project is κ units of labor.
An enacted project is successful with probability λ and it generates an undirected cost
reduction. In Aghion and Howitt (1992) potential entrants are homogeneous, and of infinite
mass. One of the key novelties this model presents is the way heterogeneity and scarcity
are introduced into this framework, and how this ex ante heterogeneity is related to the
ex post heterogeneity of incumbents. In this economy, projects are heterogeneous in their
expected cost reduction, and promising ones are scarce. 11 In particular, every project has
an unobservable idiosyncratic probability θ(e) = eν of generating a drastic improvement on
productivity characterized by σH . As shown in Figure 1, the higher the index e is, the more
likely it is for project e to generate a drastic (type-H) innovation, and hence, the higher
the expected cost reduction. In this sense, e is more than an index, it is a ranking among
projects based on their idiosyncratic θ (e), which is unobservable ex-ante.

In this setting, ν governs the underlying scarcity of good projects in the economy. Figure
1 shows that for any θ̄ ∈ [0, 1], the higher the value of ν the less projects with a probability
θ(e) > θ̄ of generating a type H innovation. For example, when θ̄ = 0.6, if ν = 0.2 there
is a mass 0.9 of projects that deliver a drastic innovation with probability higher than 0.6,
whereas when ν = 5 only a mass 0.1 is above that level. Hence, the parameter ν governs the
scarcity of projects that are likely to generate drastic innovations. Proposition 1 translates
the ranking of projects into a probability distribution for θ, the proof is provided in Appendix
A.

11A similar strategy in a different framework is followed by Palazzo and Clementi (2010). They introduce
ex ante heterogeneity linked with ex post firm productivity in the framework of Hopenhayn (1992) to study
firm dynamics over the business cycle in a quantitative partial equilibrium model.

7



PROJECT HETEROGENEITY AND GROWTH Ateş & Saffie
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Figure 1: Project Heterogeneity

Proposition 1 We can characterize the probability distribution f(θ) by

f(θ) =
1

ν

(
1

θ

)1− 1
ν

the mean of this distribution is given by E [θ] = 1
ν+1

. Moreover, the skewness S(ν) of f(θ)
is given by

S(ν) =
2(ν − 1)

√
1 + 2ν

1 + 3ν

and it is positive and increasing for ν ≥ 1.

We assume that good projects are scarce, this means ν > 1. This right-skewness of the
probability distribution of generating drastic innovations implies that relatively few projects
are likely to result in a high type innovation, as suggested by the empirical research in
this area. For instance, Silverberg and Verspagen (2007) use patent data to study the

8
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skewness of the patent quality distribution proxied by citations. They find that both the
distribution of citations and the return to patent are highly skewed, and that the tail index
is roughly constant over time.12 The fraction of high-type improvements when enacting a
mass M ∈ (0, 1] of projects is given by

µ̃H =
1

M

∫ 1

0

prob(e ∈ M)× θ (e) de

Random selection implies that for all e, prob(e ∈ M) = M . We denote by µ̃H the proportion

of high type project on the entering cohort under random selection. Then µ̃H equals to the
unconditional probability of observing a drastic innovation:

µ̃H =

∫ 1

0

eνde =

∫ 1

0

θf(θ)dθ =
1

ν + 1

Finally, the higher ν is, the lower the proportion of high type innovations among the randomly
enacted cohort. This is capturing one of the main intuitions of the model, that projects are
heterogeneous and good ideas are scarce.

3.5 The Representative Financial Intermediary

The second key novelty of this model is the introduction of a non trivial financial system that
screen and select the most promising projects.13 The representative financial intermediary
has access to a unit mass of projects every period. It borrows from households, selects in
which project to invest according to their expected value, and pays back to the household the
profits generated by these projects.14 This set up implicitly assumes that all the entrants are
in need of external financing as the enaction of any project requires the investment by the
intermediary. Even though this assumption is highly stylized it is not extremely inaccurate.
Nofsinger and Wang (2011) use data from 27 countries, to document that 45% of start-ups
use funds from financial institutions and government programs.15 Note that, if ∀j V H

j,t > V L
j,t,

the financial intermediary strictly prefers to enact projects with higher e. In particular, if
e were observable, a financial intermediary willing to finance M projects, would enact only
the projects with e ∈ [1−M, 1]. However, e is unobservable. Nevertheless, the financial

12Other firm related variables with fat tails are widely documented in the literature. For instance,
Moskowitz and Vissing-Jorgensen (2002) find large skewness on entrepreneurial returns. Axtell (2001) shows
that the size distribution of US firms closely mimics Zipf distribution, where the probability of a firm having
more than n employees is inversely proportional to n. Scherer (1998) uses German patent data to show the
skewness of the distribution of profits and technological innovation.

13The closest reference of a financial intermediary performing this function in an endogenous growth model
is King and Levine (1993b). Nevertheless, the lack of a link between ex ante and ex post heterogeneity, focus
their model only in the effect of the mass of entrants.

14Alternatively, we can assume that the representative household owns the projects but does not have
access to any screening technology. Hence it sells the projects to the representative financial intermediary
at the expected profits net of financing costs, and the financial intermediary earns no profits.

15Categories for 2003: self saving and income (39.97%), close family members (12.79%), work colleague
(7.7%), employer (14.18%), banks and financial institutions (33.92%), and government programs (11.02%).

9
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intermediary has access to a costless, yet imperfect, screening technology that delivers a
stochastic signal ẽ defined by:

ẽt =

{
ẽt = et with probability ρ

ẽt ∼ U [0, 1] with probability 1− ρ

Note that ρ ∈ [0, 1] characterizes the accuracy of the screening with ρ = 1 implying the per-
fect screening case. Levine (2005) suggests that one characteristic of financial development
is the improvement in the production of ex ante information about possible investments. In
this sense, the accuracy of the financial selection technology ρ is a reflect of the financial
development of an economy. There is also empirical evidence of financial selection, for in-
stance, Gonzalez and James (2007) document that firms with previous banking relationships
perform significantly better after going public than firms without such relationships.16 De-
fine V d

t = Ej

[
V d
j,t

]
to be the expected value of successfully enacting a project with step size

d. Proposition 2 shows that when the expected return of a drastic innovation is higher than
the one of generating an incremental innovation, the optimal strategy is to set a cut-off for
the signal. The proof is provided in Appendix B.

Proposition 2 If V H
t > V L

t , the optimal strategy for a financial intermediary financing Mt

projects at time t is to set a cut-off ēt = 1−Mt, and to enact projects only with signal ẽt ≥ ēt.

When the financial intermediary optimally uses this technology to select a mass Mt = 1− ēt
of projects, the proportion µ̃H

t (ēt) of high type projects in the successfully enacted λMt mass
is given by

µ̃H(ēt) =
1

λMt

∫ 1

0

λ× prob(ẽt ≥ ēt|et)× θ (et) det

µ̃H(ēt) =

∫ ēt

0

(1− ρ) (1− ēt) e
ν
t det +

∫ 1

ēt

{(1− ρ) (1− ēt) + ρ} eνt det

µ̃H(ēt) =
1

ν + 1

[

1− ρ+
ρ

1− ēt

(
1− ēν+1

t

)
]

. (11)

Note that for any cut-off ē, the composition increases with the level of financial technology ρ

and decreases with the scarcity of high type projects ν. Moreover, in terms of the resulting
composition, financial selection performs at least as well as the random selection of projects.
We summarize these properties in Proposition 3.17

Proposition 3 The proportion of high type entrants µ̃H exhibits the following features:

1. µ̃H(ēt) is increasing in ēt. Moreover, µ̃H(ēt) is increasing in ρ and decreasing in ν for
every ēt.

2. µ̃H(ēt) ≥ µ̃H with µ̃H(ēt) = µ̃H if ρ = 0 or ēt = 0.

16Keys et al. (2010) document that the lower screening intensity in the sub prime crisis generated between
10% and 25% more defaults.

17Proof is trivial and therefore omitted.
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3. µ̃H(ēt) =
1−ēν+1

t

(ν+1)(1−ēt)
if ρ = 1 and limēt→1 µ̃

H(ēt) =
1+νρ

ν+1
≤ 1

In this set up, the financial intermediary collects deposits Dt from the representative house-
hold in order to enact a mass Mt = Dt

wtκ
of projects every period. Proposition 3 im-

plies that the financial intermediary will always use its screening device.18 Then, given
{
V H
t , V L

t , rt, wt

}
the financial intermediary chooses {ēt, Dt} in order to solve

max
{Dt , ēt}

{
λDt

wtκ

[
µ̃H(ēt)V

H
t + (1− µ̃H(ēt))V

L
t

]
−Dt(1 + rt)

−ξ1

(

1− ēt −
Dt

wtκ

)

− ξ2

(
Dt

wtκ
− 1

)

+
ξ3

wtκ
Dt

}

(12)

where {ξ1, ξ2, ξ3} are the corresponding Lagrange multipliers. Note that the term that
multiplies the brackets in the first line is the mass of projects that are enacted and turn out
to be successful. The bracketed term is the expected return of the portfolio with composition
µ̃H (ē). The intermediary needs to pay back Dt plus the interest. The rest are constraints
specifying the range of the variables. As the objective function is strictly concave, the first
order conditions are sufficient for optimality. As Proposition 3 states, a financial intermediary
with ρ > 0 faces a trade-off between mass and composition of the enacted pool. Now, we
examine the optimal decisions of the intermediary. First order conditions regarding {Dt, ēt},
respectively, yield

λ

wtκ

[
µ̃H(ēt)V

H
t + (1− µ̃H(ēt))V

L
t

]
− (1 + rt) + ξ1 −

ξ2

wtκ
+

ξ3

wtκ
= 0

λDt

wtκ

(
V H
t − V L

t

ν + 1

)[
ρ

1− ēt

(
1− ēν+1

t

1− ēt
− (ν + 1)ēνt

)]

+ ξ1 = 0.

Note that if ρ > 0 → ξ1 < 0 which in turn implies a positive wedge between the marginal
revenue the intermediary generates and the marginal payment it needs to make to house-
holds. Therefore, the screening technology allows the intermediary to make positive profits.
Furthermore, the unique interior solution (ξ2 = ξ3 = 0) is characterized by

ρēνt =
wtκ
λ
(1 + rt)− V L

t

(V H
t − V L

t )
− 1− ρ

(ν + 1)
(13)

The uniqueness crucially depends on ρ being larger than zero. Otherwise, there are no
profits and the intermediary is indifferent when enacting any mass of projects. This partial
equilibrium result is quite intuitive. In fact, the cut-off is increasing in the enacting cost κ,
the interest rate, the wages, and the scarcity of good projects ν. The cut-off is decreasing in
the precision of screening technology ρ and in the value of the projects which means that,
in these cases, the intermediary is willing to enact more projects.

18When a fixed cost is included the partial solution exhibits a kink. In general equilibrium there is a region
where the equilibrium implies not screening, another region where it always implies screening, and a third
region characterized by non existence. A well behaved variable cost does not alter the results significantly.

11
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3.6 Equilibrium

Having introduced the basic components of the model, we can examine its equilibrium and
balanced growth path (BGP). First, we characterize the analytical relationships posed by
the equilibrium conditions, then we narrow down our analysis further to state the existence
and uniqueness of a BGP, and characterize it analytically.

Definition 1 (Equilibrium) A competitive equilibrium for this economy consists of quanti-

ties
{

Dt,
{
xS
t,j

}

j∈[0,1]
,
{
xD
t,j

}

j∈[0,1]
, ct, yt, at+1,

{
ldj,t
}

j∈[0,1]
, ēt

}∞

t=0
, policy parameters {τ, Tt}∞t=0,

values
{{

V H
j,t

}

j∈[0,1]
,
{
V L
j,t

}

j∈[0,1]

}∞

t=0
, prices

{

wt , rt+1 , {pj,t}j∈[0,1]
}∞

t=0
, financial intermedi-

ary profits {Πt}∞t=0, intermediate good producer’s profits
{
πd
t,j

}t=∞

j∈[0,1] , t=0
, entrants and incum-

bents compositions {µ̃t , µt}∞t=0 and initial conditions
{

a0 , {q0,j}j∈[0,1] , µH
0

}

such that:

1. Given {wt , rt+1, Tt, Πt}∞t=0, household chooses {ct , at+1} to solve (1) subject to (2)
and (3).

2. Given {pj,t}, final good producer chooses
{{

xD
t,j

}

j∈[0,1]

}

to solve (5) every t.

3. Given {wt}, and {qj,t−1} intermediate producer of good j with type d sets pj,t according
to (9), and earns profits πd

t,j, for every t that she remains the leader in product line j.

4. Given
{
V H
t , V L

t , rt , wt

}
, financial intermediary chooses {Dt, ēt} to solve (12) every

t..

5. Labor, asset, final and intermediate good markets clear:

∫ 1

0

ldj,t dj + (1− ēt)κ = L (14)

at = Dt = (1− ēt)wtκ (15)

xS
j,t = xD

j,t ⇒ lj,tqj,t =
yt

pj,t
(16)

ct = yt = e
∫ 1
0
lnxj,tdj (17)

6. V d
j,t evolves accordingly to (10), qj,t evolves accordingly to (8), and government budget

is balanced every period.

7. The entrant’s composition µ̃t is determined by (11) and the composition of the product
line µt evolves according to:

µH
t+1 = µH

t + λ(1− ēt)
(
µ̃H
t+1 − µH

t

)
. (18)

An important feature of this class of models is that profits, values, and labor across interme-
diate goods are independent of the efficiency level accumulated in product line j up to time
t. This is summarized in Proposition 4, the derivation is in Appendix C.

12
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Proposition 4 Equilibrium:

1. ∀j ∈ [0, 1] and ∀D ∈ {L,H} we have:

πd
j,t = πd

t ; ldj,t = ldt ; V d
j,t = V d

t

2. If σH > σL:

πH
t > πL

t ; lHt < lLt ; V H
t > V L

t

Proposition 4 shows that in equilibrium we have V H
t > V L

t and hence the financial inter-
mediary is using a cut-off strategy when selecting projects. Note that more efficient leaders
needs less labor to serve the demand of their variety. For concreteness, imagine a type H

leader with a follower characterized by q̃, he will charge the same price than a type L leader
followed by someone with the same efficiency q̃. This implies that both are selling the same
quantity, nevertheless, the more efficient leader needs less labor to produce that quantity,
and hence earns more profits. The system of equations that characterizes the equilibrium is
in Appendix D.

Definition 2 (BGP) The economy is in a Balanced Growth Path at time T if it is in such
an equilibrium that, ∀t > T , the endogenous aggregate variables {Ct, Qt, Yt, at+1}, where

Qt = exp
{∫ 1

0
ln qj,t

}

dj is the efficiency level of the economy, grow at a constant rate, and

the threshold ēt is constant.

Theorem 1 states the existence and uniqueness of a BGP for this economy. The proof is
provided in Appendix E.

Theorem 1 Existence and Uniqueness:
κ
L
∈ [a, b], where {a, b} are constants that depend on the model parameters, is a sufficient

condition for the existence and uniqueness of an interior BGP for this economy.

3.7 Mass and Composition Effect

As derived in Appendix E, the long run growth of this economy is characterized by the
following expression:

1 + g(ē) =
[

(1 + σH)µ
H (ē)(1 + σL)1−µH (ē)

]λ(1−ē)

(19)

The economic intuition of equation (19) is clear: the long run growth of this economy
is the geometric mean of the efficiency improvement weighted by the composition of the
entrants and scaled by the mass of entrants. The trade-off between mass and composition
is manifested in this term. A lower standard (ē) implies a larger pool of entrants that
increases the exponent of this term, but also decreases the base through the indirect effect
on composition (µ(ē)). The interaction of these two margins determines the long run growth
(g(ē)). Nevertheless, ē is an endogenous variable, so we should also clarify the optimization
problem that determines this variable.

13
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To understand the source of the trade-off it is useful to think about two alternative cases:
An economy with no accuracy (ρ = 0) where project initialization is random, and a model
with no heterogeneity (σH = σL) where selection is useless. These two alternatives have
in common that the expected step size of the marginal enacted project is constant with
respect to the total enacted mass, destroying the trade-off between the enacted mass and
its composition.19 But, the full model is characterized by the decreasing expected step size
of the marginal entrants with respect to the total entry, this tension introduces a trade off
between mass and composition into the model. Since this is a general equilibrium model,
the economic impact of this trade-off should be asses by studying the long run comparative
statics of the model. Proposition 5 shows the general equilibrium comparative statics to
changes in the enacting cost κ, the patience coefficient β, and the corporate tax rate τ .20

Proposition 5 General Equilibrium Comparative Statics:

1. An economy with higher enacting cost κ has higher lending standards, less entry but
better composition. Long run growth decreases with κ:

∂ē

∂κ
≥ 0 ;

∂g(ē)

∂κ
≤ 0 ;

∂µH (ē)

∂κ
≥ 0

2. An economy with lower patience coefficient β has higher lending standards, less entry
but better composition. Long run growth increases with β:

∂ē

∂β
≤ 0 ;

∂g(ē)

∂β
≥ 0 ;

∂µH (ē)

∂β
≤ 0

3. An economy with higher corporate tax rate τ has higher lending standards, less entry
but better composition. Long run growth increases with τ :

∂ē

∂τ
≥ 0 ;

∂g(ē)

∂τ
≤ 0 ;

∂µH (ē)

∂τ
≥ 0

Proposition 5 shows first that economies with higher enacting cost (κ) enact in equilibrium
less projects and hence, exert a tighter selection. Note that those economies are characterized
by a lower rate of long run growth but a higher composition on their product line.21 Second,
economies with a higher patience coefficient (β) save more they are able to enact more
projects. Although those economies grow more on the long run, their average composition
is lower.22 Finally, economies with higher corporate taxes (τ) have lower entry rates and
lower long run growth, but higher composition. In all these cases the mass effect generated

19In both cases, the financial intermediary has no profits. Nevertheless this is not the source of the
composition effect, if we impose a zero expected profit condition, as long as ρ > 0 and σH > σL, all the
results carry on.

20We select these parameters for the intuitive relationship to the main mechanism of the model, other
results are available upon request. The proof is provided in Appendix F.

21Appendix G presents empirical evidence about cross country correlations that points to this direction.
22Note that Figure 5 in Appendix H is consistent with this feature.
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by the underlying parametric change dominates the composition effect. Nevertheless, the
composition effect introduces non linearities on the relationship between credit availability
and growth. In fact, in the alternative models that lack either selection or heterogeneity
every marginal resource allocated to project enaction has a constant contribution to growth,
hence, the relationship between entry (or total credit) and growth is linear. The model
presented here breaks that linearity introducing a non trivial relationship between entry and
growth shaped by the interaction between heterogeneity, scarcity, and financial selection
that characterizes the economy. In fact, the strength of the selection margin that determines
the magnitude of the trade off between mass and composition rest on the accuracy of the
screening technology of the financial intermediary. Hence, before concluding this section, we
would like to point that the effect of a better screening technology (higher ρ) is relatively
more complex.

A better selection technology can be used to avoid enacting bad projects or to aim for
more high-type projects. On the one hand, we can expect economies characterized by a high
entry rates to increase their lending standards (higher ē) in response to an increase in the
accuracy of their financial system. In fact, for those economies the marginal project enacted
is more likely to be of low type, so the marginal benefit of improving the overall quality
of the pool by reducing its size outweighs the potential benefit of increasing its mass. On
the other hand, economies that are currently enacting less projects, should be willing to
relax the selection standards and aim for a larger entry, since the marginal entrant has a
high probability of becoming a type H leader. Proposition 6 gives analytical support to this
intuition.23

Proposition 6 Financial Development:

1. Let s̄ > s be two constants that are determined by the model parameters. For any
economy with an equilibrium level of selection ē ≥ s̄ a marginal increase on the accuracy
of the screening technology ρ will result in a less selective equilibrium.

ē ≥ s̄ ⇒ ∂ē

∂ρ
< 0.

2. For any economy with an equilibrium level of selection ē ≤ s a marginal increase on
the accuracy of the screening technology ρ will result in a more selective equilibrium.

ē ≤ s ⇒ ∂ē

∂ρ
> 0.

Proposition 6 suggests that the effects of financial development are highly non linear, in
particular, the level of domestic savings shapes the marginal response to changes in the
accuracy of the financial system.24 The non monotonic relationship between domestic sav-
ings and financial development challenges the most widely used variable to proxy economic
development in the empirical literature. In fact, as can be seen in the masterful survey of

23The proof is provided in Appendix F.
24Recall that equation 15 imply a one to one mapping between entry and savings in equilibrium.
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Levine (2005), practically all the cross country empirical research that relates financial de-
velopment and economic growth proxies the first by the amount of domestic savings. If we
emphasize the screening role of the financial system, this strategy is only valid for economies
with low entry rates.25 Moreover, the ambiguous relationship between financial development
and firm entry carries on to the effect in growth. For example, if an increase in ρ triggers a
reduction in the entry, the final effect on growth will depend on the relative strength of the
two margins: a smaller cohort but a higher proportion of drastic improvements.

This section introduced a long run endogenous growth model that features project het-
erogeneity and financial selection. In this economy good ideas are scarce and the ability of
the financial intermediary to select the most promising ones is limited. This induces a trade
off between mass and composition as the larger the entrant cohort is, the lower the fraction
of drastic innovations in the economy. The growth rate of this economy is endogenously
determined and results from the interaction between mass and composition effect described
above. In the next section we parametrize the model to perform two numerical experiments
that allow us to illustrate both, the strength of the mechanism presented in this paper, and
the potential of this framework to deal with two classical development issues in the empirical
literature. The first experiment shows how the composition effect allows the model to gen-
erate non linear effects of corporate taxation in long run growth. Moreover, in line with the
empirical literature, the model generates strong effects on firm entry with negligible effects
on long run growth for the empirically relevant range of taxes. The second experiment revis-
its one of the most recurrent question in the recent empirical growth literature: the effects
on financial development in economic growth. In line with this literature, the model predicts
non linear effects on growth that depends on the actual level of financial development. In
particular, for low level of financial development, the marginal benefit in terms of growth
of an increase in financial development is considerable smaller than for a more financially
developed economy.

4 Mass and Composition: Two Quantitative Illustra-

tions

In this section we perform a quantitative exploration of the model to illustrate the relevance
of the composition effect introduced in this paper. After proposing a reasonable parametriza-
tion of the model, we revisit two classical development problems.

First, we study the effects of corporate taxation on firm entry and economic growth. The
empirical research points to an almost insignificant negative effect on growth but a strong
and significant negative effect on entry. As the trade off between mass and composition
effect implies that the marginal entrant’s contribution to growth is decreasing in entry, the
model can successfully account for both facts.

Second, we study the impact of financial development in economic growth. In the baseline
parametrization, financial development reduces entry but increases growth due to a better

25In section 4 we illustrate this critique comparing a high κ parametrization in Appendix J where domestic
credit and financial development are positively related, with another in the main text with lower entry costs
and higher entry where the former relationship is reversed.
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allocation of resources. In particular, more financially developed economies increase their
lending standards, experiencing gains from the composition margin that outweigh the losses
on the mass margin. Interestingly, the marginal gain from reallocation is increasing in the
level of financial development.

4.1 Parametrization of the Model

Table 1 shows the baseline parametrization for the quantitative experiments of this section.
Given the normalization of the labor force to 1 the value of κ implies that 12% of the labor

Table 1: Parameter Values

κ λ σL σH β ν ρ γ τ L

0.12 0.25 0.095 0.45 0.95 5 0.9 2 0.3 1

force is enough to enact all the projects in the economy. The value of λ implies that one
out of every four projects are able to generate a successful innovation in some product line.
When the innovation is drastic the increase in the productivity of labor is 45% while an
incremental innovation just generates a 9.5% increase in productivity. Given the scarcity
parameter ν, the underlying heterogeneity of the projects is such that one out of every six
projects generate is expected to generate a drastic innovation, this implies a highly skewed
distribution for the probability of generating a drastic innovation.26 The value of ρ suggests
that 90% of the projects are successfully screened by the financial intermediary. In line with
the average of statutory corporate tax for high income economies in Djankov et al. (2010),
we set τ to 30%. Finally, the intertempotral elasticity of substitution is set to 0.5 and the
discount factor β to 0.95.

Table 2 presents a summary of the long run implications of the model under the baseline
parametrization. The resulting cut-off value implies that 40% of the projects are enacted,

Table 2: Output of the Model

ē µH λ(1− ē) g r κw
Y

κ(1− ē) Av.(σ) Sd.(σ) Sk.(π)

0.5987 0.3732 0.1003 0.0198 0.0948 0.1046 0.0482 0.2275 0.1717 0.5242

given the level of financial development the resulting composition on the intermediate good
sector is more than two times higher than the one under random selection. The entry rate
of 10% is in line with the international firm level evidence for developed countries.27 The
growth rate is also consistent with the average labor productivity growth of the European
Union and the United States reported by Ark et al. (2008).28 Fracassi et al. (2012) report

26The implied skewness using Proposition 1 is 1.66, in general, any value larger than on is considered
high.

27According to the International Finance Corporation’s micro small and medium-size enterprises database
the Euro area has an average entry rate of 8.9% between 2000−2007 while United States has a 12.9% average
entry rate between 2003− 2005.

28They report an average of 1.5% for the European Union between 1995 − 2005 and 2.3% for United
States over the same period.
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an average interest rate for start up loans in the United States 11.5% higher than the one
generated by this set of parameters.29 According to the Doing Business project, the average
entry cost in 2012 resulting from fees and legal procedures among the OECD countries was
4.5% of the average per capita income. Moreover, the average minimum capital requirement
to start a business was 13.3% for those countries, also in 2012, so the entry cost generated by
the model of 10.5% of the average income seems very reasonable. Fairlie (2012) states that
in 2011, according to the Kauffman index of Entrepreneurial Activity, 0.32% of adults in
the United States were engaged in business creation every month. This implies that almost
4% of the adult population was engaged in entrepreneurship every year which is comparable
to the 5% generated by the parametrized model. The average markup generated by the
model is also consistent with the estimates of Christopoulou and Vermeulen (2008). They
document an average markup of 28% for the manufacturing and construction sector in the
United States between 1981 − 2004 and a corresponding value of 18% for the Euro area.
The standard deviation of the markup is roughly half of the one estimated by Dobbelaere
and Mairesse (2005) for the French economy between 1978 − 2001.30 Finally, the resulting
skewness of the profit distribution is roughly consistent with the values reported by Scherer
et al. (2000).31 We focus the baseline parametrization in high income economies and then
in each experiment we study deviations from this setup. We proceed this way due to the
availability of empirical literature on mark-up and manufacturing productivity for more
developed economies.32 The first quantitative experiment studies the effects of corporate
taxation in both entry and growth rates.

4.2 Corporate Taxation, Firm entry and Growth

The empirical literature points to a very fragile relationship, if any, between corporate taxes
and long run growth rates, whereas the effect on firm entry is found to be negative and
sizeable. On the one hand, a cross sectional study with 85 countries performed by Djankov
et al. (2010) suggests that decreasing the average tax rate from 29% to 19% would increase
the average entry rate from 8% to 9.4%. Another study by Rin et al. (2011) based on firm
level panel data estimation for 17 European countries finds a non linear relationship between
corporate taxes and entry rates with high responses in the relevant corporate tax range.
On the other hand, the empirical growth literature finds only a slightly negative effect of
corporate taxation on growth. Easterly and Rebelo (1993) study this relationship using a
panel of 125 countries spanning over 1970 − 1988 and find that there is no robust effect
of taxes on growth. Widmalm (2001), and Angelopoulos et al. (2007) establish a similar
result for the OECD countries. Moreover, Levine and Renelt (1992) argue that the negative

29They use the complete set of start-up loan applications received by Accion Texas between 2006− 2011.
This number is consistent with the 11.3% reported by Petersen and Rajan (1994) from the National Survey
of Small Business Finance also in the US for the years 1988 and 1989.

30Their weighted markup average estimation (33%) more than doubles the one estimated for France by
Christopoulou and Vermeulen (2008).

31Note that financial selection implies that not all the underlying skewness is passed to the composition
of the intermediate producers.

32For a firm level calibration of a slightly more complete model to a developing economy, see Ates and
Saffie (2013).
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relationship documented in the literature is not robust to slight changes on the specifications
of the econometric model. To compare the magnitude of this relationship to the former stated
regularity on entry rates we can take the estimation of Gemmell et al. (2011), where a 10
basis point corporate tax reduction could increase long run growth by at most 0.3 percentage
points. In summary, the research in corporate taxation suggests a fragile negative effect on
growth and an economically significant negative effect on entry.33

Figure 2 shows the long run responses of entry, composition, and growth in the model
to changes in corporate taxation for the baseline parametrization (ρ = 0.9) and three other
values. Figure 2(d) displays the entry-growth Pass-Trough defined as the ratio between the
percentage change in growth generated by a one basis point increase in taxation and the per-
centage change in entry generated by the same increase in corporate taxation. In particular,
a Pass-Trough smaller than one in absolute value implies that marginal increases in taxation
have larger absolute marginal effects on entry than in growth, in other words, growth re-
sponds less to taxation than entry. In line with Proposition 5, increases in marginal taxation
reduce both entry and growth, but improve the composition of the economy.34 We first focus
the analysis on the responses of the model when ρ is at its benchmark level. As Figures 2(a)
and 2(c) show, the responses of long run entry and growth to changes in taxation are both
highly non linear, yet the growth rate exhibits the strongest non linearity. Moreover, the re-
sponses of both, entry and growth are in line with the magnitudes suggested by the empirical
literature discussed above. In fact, a tax cut from the baseline parametrization of 30% of ten
basis points increases growth from 1.98% to 2.11% while the change increase in entry is more
sizeable, from 10% to 12.5%. This asymmetry in the response to taxation is summarized in
Figure 2(d) where, for a wide range of tax rates, the marginal percentage reduction of the
growth rate caused by a one basis point increase in taxation is only 60% of the corresponding
marginal percentage reduction in the entry rate. The reason behind this difference is the
strength of the composition effect. As seen in Figure 2(b) the decrease in entry induced by
higher corporate taxation implies tighter lending standards and hence a higher composition.
In fact, financial selection implies that the contribution of the marginal entrant to growth
is decreasing in entry, hence, the initial reductions in entry triggered by higher corporate
taxation do not impose an important cost in terms of growth to a financially developed econ-
omy. Only when the level of taxation reaches extremely high levels, with low entry rates,
the sacrificed entrants pose a sizeable challenge to the long run growth of the economy. In a
related article, Jaimovich and Rebelo (2012) use a similar mechanism to generate extremely
non linear responses of long run growth to taxation. Their model combines the product line
expansion framework of Romer (1990) with the heterogeneous ability framework of Lucas
(1978). In a nutshell, entrepreneurs are heterogeneous in their ability to create firms, and
more skilled entrepreneurs have a higher rate of success when enacting a project.35 As the

33For concreteness, Appendix I uses cross country data to show that higher taxes are significantly and
strongly correlated with lower entry, but the negative correlation with growth rate is extremely weak.

34Recall that this result holds only for interior solutions. In fact, after a corner solution is met, entry and
growth are both zero and do not react to extra taxation.

35In the context of our model, the heterogeneity is not in σ but in λ. Nevertheless, as the frameworks are
completely different, this comparison need to be taken cautiously. In fact, Romer (1990) engine of growth is
not the Schumpeterian creative destruction of Aghion and Howitt (1992), but an expansion in the number
of intermediate varieties without replacement.
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Figure 2: The Effect of Corporate Taxation on Growth and Entry

distribution of ability is highly skewed, relatively few entrepreneurs explain most of the entry
rate of the economy. Hence, increases in taxation discourages only marginal entrepreneurs,
and both the entry and the growth rates respond mildly for a wide range of taxes. In their
model there is no ex post heterogeneity, all the active incumbents are identical, and hence
the average per firm contribution to growth is the same for every cohort, regardless of its
size.36 In other words, even though their model features selection, the only engine of growth
is the volume of the entrant cohort: the mass effect. The absence of a composition channel
implies that their model exhibits, by construction, a Pass-Through equal to one for any
level of taxation, so it cannot generate any asymmetry between the responses of entry and
growth.37 Hence, the composition margin is fundamental when modelling this asymmetry.

36They focus on self selection instead of financial selection, we believe that both mechanism are present
in the data and reinforce each other.

37Jaimovich and Rebelo (2012) do not study the effects on entry. When interpreting the results we use the
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Returning to Figure 2, as financial selection plays a key role determining the strength of
the composition effect, we also compare the baseline parametrization with three alternatives
that only differ in the value of ρ. The dotted line represents a model with no financial selec-
tion (ρ = 0) where project enaction is random and, in line with Proposition 3, composition
is constant. As expected by the previous analysis, the absence of composition effect implies
linear responses of growth and entry to taxation, moreover, as shown in Figure 2(d), there is
no asymmetry between the two responses. The other two parameterizations exhibit interme-
diate levels of financial development. Figure 2(a) shows that for a wide range of corporate tax
rates the models with less financial development exhibit higher entry rates, but, as seen in
Figure 2(c), these economies are not able to capitalize that entry in a higher rate of economic
growth.38 This is a consequence of the potential strength of the composition effect, where
economies with less entry can grow at a faster pace only due to a higher proportion of drastic
innovation. In fact, as shown in Figure 2(b), the higher the corporate tax rate, the bigger the
compositional advantage of the more developed economies. Moreover, for extremely high tax
rates, a more developed economy can have larger and better cohorts than a less developed
one, dominating the later not only in composition but also in mass. Finally, note that more
financially developed economies exhibit extremely convex responses in growth, accentuating
the asymmetry between the sensitivity of growth and entry to corporate taxation. This is
clear in Figure 2(d), where more financially developed economies have systematically lower
entry-growth Pass-Trough. Given the relevance of the financial development parameter ρ,
we explore quantitatively its influence in entry and growth in the next experiment.

4.3 Financial Development and Resource Allocation

Finally, we perform a quantitative experiment to illustrate the relevance of Proposition
6 when studying the empirical relationship between financial development and economic
growth. Figure 3 shows the long run responses of entry, growth, composition, and entry-
growth Pass-Through to changes in the accuracy of the screening technology, under the
baseline parametrization. In line with Proposition 6, the high levels of entry associated with
the baseline parametrization imply that, in Figure 3(a), entry rate decreases with financial
development at a decreasing rate. Under the alternative parametrization of Appendix J
entry rate increases in ρ at a decreasing rate. As shown in equation 15, the entry rate
λ(1 − ē) and the level of domestic savings (1 − ē)κw are always positively related. Hence,
the relationship between domestic savings and financial development is not monotonic; it is
in fact shaped by the level of domestic savings.39 As Figure 3(b) shows, the proportion of

same definition as in Romer (1990) for an entrant. Nevertheless, if an entrant is defined as one entrepreneur
regardless of the number of product lines that she owns, then that model also generates this asymmetry
between entry and growth. In this case, the composition should refer to the average size of an entrant in
terms of the number of product line per entrepreneur. Yet, still the only engine of growth is the increase in
the number of product lines, and hence, a mass perspective.

38For extremely high taxes this parametrization implies that economies with less financial development
can grow more than more developed ones. This is due to the extremely high entry rate at τ = 0, and
alternative parametrization in Appendix J with a slight increase in κ eliminates this feature.

39The only parametric change in Appendix J is a higher entry cost κ in order to reduce entry rate and
study the behavior on the other region of Proposition 6. An intermediate value for κ can generate a U-shaped
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Figure 3: The Effect of Financial Development on Growth and Entry

high type leaders increases with the accuracy of the financial screening. Hence, under the
baseline parametrization, mass and composition effect go in opposite directions: a higher
level of financial development reduces mass but increases composition. Two forces explain
the increase in composition: a direct one due to the increase in ρ, and an indirect one due
to the reduction in entry. Note that the composition effect dominates the mass effect for
this parametrization as in Figure 3(c); growth is increasing in ρ. This suggests that, under
the baseline parametrization, the main source of growth is a reallocation of resources, and
not an increase in the volume of resources allocated. Moreover, as the composition effect
gets stronger at lower entry rates, the response of growth to financial development is non
linear: for less financially developed countries, an increase in ρ generates less extra growth

relationship between entry and financial development since both regions could be on the entry domain.
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than for more financially developed countries.40 Figure 3(d) plots the ratio between the
percentage increase in the growth rate and the percentage decrease in the entry rate due to
a one basis point change in the selection technology. An entry-growth Pass-Through larger
than one in absolute value implies that the percentage increase in growth is larger than the
percentage decrease in entry. The trade off between entry and growth is clearly increasing in
ρ, this means that more financially developed economies generate more growth when reducing
entry than less developed economies. This increasing Pass-Through in absolute value results
from the decreasing rate of change in entry noted before, and hence, it is also observed in
Figure 8(d) in Appendix J. This implies that for high levels of ρ, more financially developed
economies differ more in terms of resource allocation and long run economic growth than in
domestic credit and firm entry.

On the empirical side, there are at least two issues when assessing the impact of financial
development on economic growth. The first problem relates to the identification of a causal
relationship from finance to growth and not the inverse. The second challenge is finding
a convincing way to measure or proxy for the financial development of a country. The
seminal contribution of Rajan and Zingales (1998) is one the most successful and widely
used ways to deal with the first issue. In a nutshell, they build an industry based financial
dependency measure using data from United States and assume that financial dependence is
a characteristic of an industry, and hence is not affected by a particular location. Then they
examine a cross country cross industry sample and find that industries with higher financial
dependency grow faster in countries with more developed financial markets. Note that, in
the context of the model presented in this paper, industries more in need of the financial
system should be subject to screening more often, and hence, grow more in more financially
developed countries. Nevertheless, this analogy is accurate only if the empirical proxy for
financial development is a good measure of the screening accuracy ρ, which relates with
the second empirical challenge in this literature. Rajan and Zingales (1998), as most of the
literature, use a size measure in order to proxy for financial development, in particular, they
use the total size of the stock market and the measure of domestic credit. But, as seen in
Proposition 6, the amount of resources available in the credit market is not always positively
related with the accuracy of the financial system.

Figure 3(a) illustrates the fact that for the baseline parametrization this is clearly not
a good proxy, but under the alternative parametrization of Appendix J, as seen in Figure
8(a), this would be a good measure for ρ. Rioja and Valev (2004) explicitly mention this
issue when using a 74 countries panel data to study if the effect of financial development
in growth is constant across levels of financial development. In fact, they use three proxies
for financial development, two of them centered on the size dimension (private credit and
liquid liabilities) and a third measure that tries to proxy the ability of an economy to per-
form a more accurate selection. In particular, they use the ratio of commercial bank assets

40Under the alternative parametrization of Appendix J, mass and composition effect reinforce each other,
so the increase in growth due to higher levels of financial development in Figure 8(c) exhibits less non
linearities. As can be seen in Figure 2(c), if we set τ = 0.1 under the baseline parametrization, we see a
hump shaped response to growth. This means, that the mass effect might dominate the composition effect
for some parameterizations, and hence economic growth could decrease with financial development. Bose
and Cothren (1996) find a similar result in the context of optimal contracting in an externality growth driven
model.
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over central bank assets.41 For the two size measure they find that the effects of financial
development are stronger for countries with an intermediate level of financial development
than for countries with high levels. Moreover, the effect on countries with very low levels of
financial development is insignificant. Nevertheless, when using the third measure, they also
find a significant economic effect for lower levels of financial development. All their specifi-
cations point to strong non linearities in both the relationship between volume of credit and
economic growth, and the relationship between screening intensity and economic growth.
These observations are in line with the non linearities displayed in Figures (3) and (8).

In another related empirical study, Wurgler (2000) studies the efficiency of the allocation
of resources for different economies. His main contribution is the development of an elasticity
based index that measures the ability of an economy to increase its investment in growing
industries, and decrease it in the ones that are shrinking. In a first set of regressions he
uses the same size based proxy as Rajan and Zingales (1998), and finds that more financially
developed countries have a better allocation of resources; nevertheless, he finds no significant
relationship between the volume of capital allocated in manufacturing and his proxy for
financial development. In accordance with Figures 3(d) and 8(d), he argues that financially
more developed economies grow more mainly because of a better allocation of resources. He
also finds that his measure of efficient capital allocation is strongly and positively related
with the idiosyncratic firm information available in the stock prices.42 These findings relate
directly to Figures 3(b) and 8(b) where the proportion of high type firms always increases
in ρ. Moreover, Galindo et al. (2007) use a different approach that does not rely on a size
proxy to study the relationship between finance and the allocation of resources.43 They
use firm level panel data for 12 developing countries to build a measure of the efficiency in
the allocation of resources, and then they use the chronology of financial reforms in Laeven
(2003) for those countries. They find that episodes of financial liberalization are linked to
better allocation of resources, but not necessarily to a larger mobilization of resources.

In this section we performed a quantitative exploration to assess the strength and rele-
vance of the composition effect introduced in this paper. The first experiment showed that
the composition effect can overturn the mass effect and allow an economy to grow faster even
when enacting less projects. We also explained how the composition effect can rationalize the
empirical relationship between corporate taxation, firm entry, and economic growth. The
quantitative illustration showed the empirically observed non linear relationship between
financial development, allocation and reallocation of resources. That last experiment also
exemplifies the risk of using only volume based proxies for financial development.

41The empirical work of King and Levine (1993b) and King and Levine (1993a) states these and other
proxies for financial development. They suggest that the higher this ratio is, the stronger the screening in
the economy, since commercial bank tend to exert a more thorough selection. For each of their measures
they find a strong relationship between economic growth and financial development, moreover, they use case
studies of financial reforms to validate them.

42The lower price synchronicity on the stock market, measured as in Morck et al. (2000), the higher the
idiosyncratic information contained on the stock. He also finds that reallocation is more efficient when state
ownership declines, and minority stockholder rights are strong

43They also review the cross country and firm level literature on the relationship between financial liber-
alization and growth. They argue that the positive effect on growth is well established, while a clear effect
on the amount of resources allocated has not been found.
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5 Conclusion

In this paper we introduced project heterogeneity and financial selection in an analytically
tractable way to the classical endogenous growth framework of Aghion and Howitt (1992).
A financial intermediary, with access to an imperfect screening device, selects ex ante het-
erogeneous projects characterized by an idiosyncratic probability of generating a drastic
innovation. Following implementation of the projects, the model also delivers an ex post
heterogeneity, where two types of incumbents have different cost advantages over their fol-
lowers, and hence, earn more profits. The model has a unique interior balanced growth path
shaped by the Schumpeterian creative destruction generated by new firms. The impact of
creative destruction in this economy results from the interaction between the mass and the
composition of the entrant cohort. The relative strength of each margin crucially depends on
the underlying scarcity of drastic ideas relatively to the accuracy of the selection technology
in the economy.

Two quantitative experiments illustrate the importance of including heterogeneity and
financial selection into the endogenous growth framework. First, since the marginal entrant
has a decreasing contribution to economic growth, changes in the entry rate are not lin-
early mapped into the economic growth rate of the economy. Hence, this framework can
accommodate the strong negative relationship between entry rates and corporate taxation
without delivering a counter factually strong negative effect of corporate taxation on eco-
nomic growth.

The second experiment addresses the widely-debated link between financial development
and economic growth. Two main lessons arise from this experiment. First, when countries
are characterized by high entry rates, size measures should not be used to proxy for financial
development. Second, the effect of financial development in economic growth is extremely
non linear; in particular, for a country with a high degree of financial development, a marginal
increase in that financial development leads to a greater increase in growth, relative to the
change in firm entry.

In a companion paper we extend this framework to study the growth effect of a credit
crunch.44 A stochastic version of this model that also includes capital accumulation is well
suited for economic analysis even outside the balanced growth path. Moreover, when using
firm level data from Chile and the Asian crisis as a natural experiment to test the model, we
observe a strong compositional component; in fact, cohorts born under tighter credit con-
ditions perform significantly better than cohorts arising under laxer credit standards. We
believe that this framework can be enriched and brought quantitatively to data in order to
perform policy analysis. For instance, changes in corporate taxation, entry barriers or fi-
nancial liberalization can be evaluated, even accounting for the economic transition between
the two balanced growth paths. Moreover, this framework can be modified to include rich
incumbent dynamics introducing competition for credit between entrants and established
firms. In fact, entrants and incumbents are very different borrowers; incumbents can collat-
eralize their short term profits, while entrants might promise a higher return. A stochastic
quantitative model with these dimensions might be used to study the effects of discretionary
credit subsidies.

44Ates and Saffie (2013).
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Appendices

A Proposition 1

Proof. First note that, for any θ̄ ∈ [0, 1], the probability of a randomly drawn project
e ∈ [0, 1] having a probability θ(e) ≤ θ̄ is given by:

F (θ̄) =
(
θ̄
) 1

ν

Then, F (θ) is the cumulative density function of θ, and we can use it to find its probability
density function:

f(θ) =
∂F (θ)

∂θ
=

1

ν
(θ)

1
ν
−1

More algebra delivers:

E [θ] =

∫ 1

0

θ

ν
(θ)

1
ν
−1

dθ =
1

ν + 1

V [θ] = E
[
(θ − E [θ])2

]
=

ν2

(ν + 1)2 (2ν + 1)

S [θ] =
E
[
(θ − E [θ])3

]

(
E
[
(θ − E [θ])2

]) 3
2

=
2(ν − 1)

√
1 + 2ν

1 + 3ν

Note that ν = 1 corresponds to a uniform distribution. For ν ≥ 1 this distribution
resembles a Truncated Pareto distribution, but it behaves better on the neighborhood of 0.

B Proposition 2

Proof. Denote by P (H|ẽ) the expected probability of a project generating a drastic inno-
vation conditional on delivering a signal ẽ. Then:

P (H|ẽ) = ρẽν + (1− ρ)
1

ν + 1

P (H|ẽ) is increasing in the signal ẽ. Then if V H
t > V L

t , the expected benefits of enacting a
project is also increasing in ẽ. As the cost of enacting a project is independent of the signal,
the optimal strategy is to pick the desired massM of projects with the highest signal. Finally,
in order to get a mass M , the cut-off ē must satisfy:

∫ ē

0

(1− ρ) (1− ē) de+

∫ 1

ē

{(1− ρ) (1− ē) + ρ} de = M ⇔ ē = 1−M
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C Proposition 4

Proof. We start solving for the profits of the intermediate good sector. Given (7), (9), and
(16) the profits of a type d firm are given by

πd
j,t = ldj,tqj,t

(
wt

q̃j,t
− wt

qj,t

)

=
σd

(1 + σd)
Yt. (20)

Thus, ∀j ∈ [0, 1] , πd
j,t = πd

t . Then, by (10), we have ∀j ∈ [0, 1] , V d
j,t = V d

t . Also, as σ
H > σL,

we have πH
t > πL

t , and then V H
t > V L

t . This rationalizes the equilibrium cut-off strategy of
the financial intermediary. Moreover, σd determines the constant markup of type d leader in
any product line. Using (20) and (14) we can find an expression for the labor demand that
only depends on the type d of the leader:

lLj,t =
(1 + σH) [L− (1− ēt)κ]

1 + σH − µH
t (σ

H − σL)
= lLt ; lHj,t =

(1 + σL) [L− (1− ēt)κ]

1 + σH − µH
t (σ

H − σL)
= lHt (21)

Note that lLt > lHt .

D Dynamic System

From (20) and (21) we get the following expression for wages:

wt =

[
1 + σH − µH

t (σ
H − σL)

]

(1 + σL)(1 + σH) [L− (1− ēt)κ]
Yt. (22)

Now, we are able to characterize the output growth in the model:

(1 + gt) =
Yt+1

Yt

= e

(

∫ 1
0

{

ln
lj,t+1
lj,t

}

dj+
∫ 1
0

{

ln
qj,t+1
qj,t

}

dj

)

. (23)

Recall that Qt ≡ exp(
∫ 1

0
ln qj,tdj). Then:

ln(Qt+1) = λMt

{

µ̃H
t

∫

ln[qjt(1 + σH)] dj +
(
1− µ̃H

t

)
∫

ln[qjt(1 + σL)] dj

}

+ (1− λMt)

∫

ln qjt dj

⇒ ln

(
Qt+1

Qt

)

= λMt

{
µ̃H
t ln(1 + σH) +

(
1− µ̃H

t

)
ln(1 + σL)

}
(24)

We also have:
∫ 1

0

ln (lj,t) dj = µH
t ln

(
lHt
)
+ (1− µH

t ) ln
(
lLt
)

(25)

Using (24) and (25) on (23) we get:

(1 + gt) =

(

(lHt+1)
µH
t+1(lLt+1)

1−µH
t+1

(lHt )
µH
t (lLt )

1−µH
t

)([

(1 + σH)µ̃
H
t (1 + σL)1−µ̃H

t

]λ(1−ēt)
)

. (26)
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Finally, combining equations (4) and 17 we get the following quilibrium relationship between
output growth and interest rate:

(1 + gt+1)
γ

β
= 1 + rt+1 (27)

The following nine equation dynamic system fully characterizes the equilibrium of this econ-
omy. The system is written in its stationary form.

1 + rt+1 =
(1 + gt+1)

γ

β
(28)

µH
t = µH

t−1 + λ(1− ēt)

[
1

ν + 1

(

1− ρ+
ρ

1− ēt

(
1− ēν+1

t

)
)

− µH
t−1

]

(29)

lHt =
(1 + σL)(L− (1− ēt)κ)

1 + σH − µH
t (σ

H − σL)
(30)

lLt =
(1 + σH)(L− (1− ēt)κ)

1 + σH − µH
t (σ

H − σL)
(31)

1 + gt+1 =

[
(
1 + σH

)µH
t+1−µH

t (1−λ(1−ēt+1)) (
1 + σL

)λ(1−ēt+1)−(µH
t+1−µH

t (1−λ(1−ēt+1)))
]

[

(lHt+1)
µH
t+1(lLt+1)

1−µH
t+1

(lHt )
µH
t (lLt )

1−µH
t

]

(32)

wt

Yt

=
(1 + σH − µH

t (σ
H − σL))

(1 + σL)(1 + σH)(L− (1− ēt)κ)
(33)

V H
t

Yt

=
(1− τ)σH

1 + σH
+

1− λ(1− ēt+1)

1 + rt+1
(1 + gt+1)

(
V H
t+1

Yt+1

)

(34)

V L
t

Yt

=
(1− τ)σL

1 + σL
+

1− λ(1− ēt+1)

1 + rt+1
(1 + gt+1)

(
V L
t+1

Yt+1

)

(35)

ēt =





κ
λ
wt

Yt
(1 + rt)− V L

t

Yt

ρ
(

V H
t

Yt
− V L

t

Yt

) − 1− ρ

ρ(ν + 1)





1
ν

(36)

Note that, since the model has no capital, the composition µH
t drives all the dynamics.

E Theorem 1

Proof. First we characterize the system of two equations that defines an interior BGP.
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E.1 The System on BGP

Note that, (27) implies that the interest rate is constant along the BGP. Then, as γ ≥ 1, we
can collapse (10) using (20) and (27):

V d
t =

(1− τ)σd

β
[

(λ(1− ēt)− 1) (1 + g)1−γ + 1
β

]

(1 + σd)
Yt. (37)

In an interior BGP (13) must hold, so, using (22) and (37), we obtain the following relation-
ship:

ρēνt =
1

Γ0




(1 + g)γ

[
1 + σH −∆µ̃H

] [

(1− ē− 1
λ
) (1 + g)1−γ + 1

λβ

]

[
L
κ
− (1− ē)

] − (1 + σH)(1− τ)σL



− 1− ρ

(ν + 1)
(38)

where Γ0 = (1− τ)∆ and ∆ = σH − σL. The last formula proves that indeed, ēt is constant
on BGP, and so is µ̃H

t , hence, µ̃
H = µH. Then, from (21), it follows that ldt is also constant.

Hence, (26) becomes

1 + g =
[(
1 + σH

)µH (
1 + σL

)1−µH
]λ(1−ē)

. (39)

Then, the system is characterized by:

Γ0

(

ρēν +
1− ρ

(ν + 1)

)

=




(1 + g)γ

[
1 + σH −∆µH

] [

(1− ē− 1
λ
) (1 + g)1−γ + 1

λβ

]

[
L
κ
− (1− ē)

] − (1 + σH)(1− τ)σL





1 + g =
[(
1 + σH

)µH (
1 + σL

)1−µH
]λ(1−ē)

µH(ē) =
1

ν + 1

[

1− ρ+
ρ

1− ē

(
1− ēν+1

)
]

.

Now we find sufficient conditions for existence and uniqueness of a solution to that system.

E.2 Existence and Uniqueness

E.2.1 Preliminary Derivations

∂[1 + g(ē)]

∂ē
= λ[1 + g(ē)]

[
[
ln(1 + σH)− ln(1 + σL)

]
[

(1− ē)
∂µH(ē)

∂ē
− µH(ē)

]

− ln(1 + σL)

]

∂µH(ē)

∂ē
=

ρ

ν + 1

[
1− ēν+1 − (ν + 1)(1− ē)ēν

(1− ē)2

]

> 0.

This implies:

∂[1 + g(ē)]

∂ē
= −λ[1 + g(ē)]

[
[
ln(1 + σH)− ln(1 + σL)

]
(

ρēν +
1− ρ

ν + 1

)

+ ln(1 + σL)

]

< 0.
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E.2.2 Uniqueness

Define the following function of ē:

A(ē) =
(1 + g)γ

[
1 + σH −∆µH

] [

(1− ē− 1
λ
) (1 + g)1−γ + 1

λβ

]

[
L
κ
− (1− ē)

]

Then we can rewrite (38) as:

ρēν =
1

Γ0

(
A(ē)− (1 + σH)(1− τ)σL

)
− 1− ρ

(ν + 1)
(40)

Note that, the left hand side of (40) is increasing in ē. Then, if the right hand side of
(40) is decreasing in ē any interior solution must be unique. The right hand side of (40) is
decreasing if and only if A(ē) is decreasing.
Note that, as γ ≥ 1 and as equation (27), we have ∀e ∈ [0, 1] all the multiplicative terms are
positive. So, we can study the derivative of ln(A(ē)):

ln(A(ē)) = γ ln[1 + g(ē)] + ln[1 + σH −∆µH(ē)] + ln

[

(1− ē− 1

λ
) (1 + g)1−γ +

1

λβ

]

− ln [L− (1− ē)κ]

Differentiating we get:

∂ ln(A(ē))

∂ē
= γ

∂ ln[1 + g(ē)]

∂ē
−

∂µH (ē)
∂ē

∆

1 + σH − µH(ē)(σH − σL)

− (1 + g)1−γ − (1− ē− 1
λ
)(1− γ)(1 + g)−γ ∂(1+g(ē))

∂ē

(1− ē− 1
λ
) (1 + g) + 1

λβ

− κ

L− (1− ē)κ

As 0 ≤ λ ≤ 1 and γ ≥ 1 we have ∂ ln(A(ē))
∂ē

< 0. Then if the system composed by (38) and
(39) has an interior solution, it is unique.

E.2.3 Existence

Now we need to find sufficient conditions for the existence of ē ∈ [0, 1] that solves (40). Note
that (40) is continuous in ē, then if the right hand side of (38) is smaller than ρ when ē → 1,
and positive at ē = 0, the existence of an interior solution is guaranteed.
The first condition will hold if:

ρ > − 1− ρ

(ν + 1)
+

1

Γ0

[
A(1)− (1 + σH)(1− τ)σL

]

Note that, limē→1 µ
H(ē) = µ̄H = 1+νρ

ν+1
, and g(1) = 0. Then:

A(1) =

[

1 + σH − 1 + νρ

ν + 1
∆

] [
1− β

λβ

]
κ

L
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We can then find the following condition on κ
L
, the percentage of the labor force needed to

enact all the projects of the economy:

b =
λβ

1− β




Γ0

(

ρ+ 1−ρ

(ν+1)

)

+ (1 + σH)(1− τ)σL

1 + σH − (1+νρ)∆
ν+1



 >
κ

L

Let’s study now the case where ē = 0. We need:

1− ρ

(ν + 1)
Γ0 < A(0)− (1 + σH)(1− τ)σL

Note that, µH(0) = µH = 1
ν+1

, and 1 + g(0) =
[(
1 + σH

)µH (
1 + σL

)1−µH
]λ

. Then:

A(0) =

[
1 + σH − ∆

1+ν

] [

(1− 1
λ
) (1 + g(0)) + (1+g(0))γ

λβ

]

[
L
κ
− 1
]

We can then find the following condition on κ
L
:

a =
κ

L
>

1−ρ

(ν+1)
Γ0 + (1 + σH)(1− τ)σL

[
1 + σH − ∆

1+ν

] [

(1− 1
λ
) (1 + g(0)) + (1+g(0))γ

λβ

]

+ 1−ρ

(ν+1)
Γ0 + (1 + σH)(1− τ)σL

Then ∀ κ
L

∈ [a, b] we have existence and uniqueness of an interior solution. Finally, after
solving for {e, g} in equations (38) and (39), all the other variables can be recovered.

E.3 Recovering all Variables

(
µH
t

)

bgp
= µH =

1

ν + 1

[

1− ρ+
ρ

1− ē

(
1− ēν+1

)
]

(rt+1)bgp = r =
(1 + g)γ

β
− 1

(
lHt
)

bgp
= lH =

(1 + σL) [L− (1− ē)κ]

1 + σH − µH
t (σ

H − σL)

(
lLt
)

bgp
= lL =

(1 + σH) [L− (1− ē)κ]

1 + σH − µH(σH − σL)
(
V H
t

Yt

)

bgp

= vH =
(1− τ)σH

β
[

λ(1− ē) + 1
β
− 1
]

(1 + σH)
(
V L
t

Yt

)

bgp

= vL =
(1− τ)σL

β
[

λ(1− ē) + 1
β
− 1
]

(1 + σL)
(
wt

Yt

)

bgp

= w =

[
1 + σH − µH(σH − σL)

]

(1 + σL)(1 + σH) [L− (1− ē)κ]
(
Ct

Yt

)

bgp

= c = 1
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F Proposition 5 and Proposition 6

Proof.

F.1 Entry

F.1.1 Preliminairies

Define the parameter set of the model as Ω ≡
{
ρ, τ, σH , σL, γ, ν, β, λ, κ, L

}
. We can rewrite

equation (40) as:

A(ē,Ω) = C(ē,Ω) (41)

Where A(ē,Ω) is A(ē) from Appendix E and:

C(ē,Ω) = (1− τ)

[(

ρēν +
1− ρ

ν + 1

)

∆+ (1 + σH)σL

]

Denoting the partial derivatives by sub indexes we have, for any fixed plausible set Ω satis-
fying the condition of Theorem 1, ∀ē ∈ (0, 1):

A(ē,Ω) > 0 ; Aē(ē,Ω) < 0

C(ē,Ω) > 0 ; Cē(ē,Ω) > 0

Then, using implicit derivative on equation 41 for ē and any parameter p ∈ Ω we get:

∂ē

∂p
=

Ap(ē,Ω)− Cp(ē,Ω)

Cē(ē,Ω)− Aē(ē,Ω)
⇒ sign

(
∂ē

∂p

)

= sign (Ap(ē,Ω)− Cp(ē,Ω))

F.1.2 Enacting cost κ

sign

(
∂ē

∂κ

)

= sign (Aκ(ē,Ω)− Cκ(ē,Ω)) = sign (Aκ(ē,Ω))

= sign

(
∂ ln (A(ē,Ω))

∂κ

)

= sign

(
1− ē

L− (1− ē)κ

)

We know by labor market clearing condition that L− (1− ē)κ > 0. Hence, we have dē
dκ

> 0,
and entry decreases in the enacting cost κ.

F.1.3 Discount factor β

sign

(
∂ē

∂β

)

= sign (Aβ(ē,Ω)− Cβ(ē,Ω)) = sign (Aβ(ē,Ω))

= sign

(
∂ ln (A(ē,Ω))

∂β

)

= sign

(

− 1
λβ2

(1− ē− 1
λ
) (1 + g)1−γ + 1

λβ

)
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As γ ≥ 1 and given equation (27) we have: (1− ē− 1
λ
) (1 + g)1−γ + 1

λβ
> 0. Hence, we have

dē
dβ

< 0, and entry increases in the discount factor β.

F.1.4 Corporate tax rate τ

sign

(
∂ē

∂τ

)

= sign (Aτ (ē,Ω)− Cτ(ē,Ω)) = sign (−Cτ (ē,Ω))

= sign

(

−∂ ln (C(ē,Ω))

∂τ

)

= sign

(
1

1− τ

)

> 0

Hence, we have dē
dτ

> 0, and entry decreases in the corporate tax rate τ .

F.1.5 Accuracy ρ

sign

(
∂ē

∂ρ

)

= sign (Aρ(ē,Ω)− Cρ(ē,Ω))

Note first the following auxiliary results:

∂µH

∂ρ
=

1

ν + 1

[
1− ēν+1

1− ē
− 1

]

> 0

∂g

∂ρ
=

∂g

∂µH

∂µH

∂ρ
= (1 + g)λ(1− ē) ln

(
1 + σH

1 + σL

)
∂µH

∂ρ
> 0.

Now, we have:

Aρ(ē,Ω) =
(1 + g)∂µ

H

∂ρ
[
L
κ
− (1− ē)

]

((

1− ē− 1

λ

)(

λ(1− ē) ln

(
1 + σH

1 + σL

)
[
1 + σH −∆µH

]
−∆

)

+

(
(1 + g)γ−1

λβ

(

γλ(1− ē) ln

(
1 + σH

1 + σL

))
[
1 + σH −∆µH

]
−∆

))

=
(1 + g)∂µ

H

∂ρ
[
L
κ
− (1− ē)

]B(ē,Ω))

Then sign (A(ē,Ω))) = sign (B(ē,Ω))).

Bρ(ē,Ω) =

(

1− ē− 1

λ
+

γ(1 + g)γ−1

λβ

)

λ(1− ē) ln

(
1 + σH

1 + σL

)
[
1 + σH −∆µH

]

−
(

1− ē− 1

λ
+

(1 + g)γ−1

λβ

)

∆

Note that f(x) = x− ln(1 + x) is increasing in x. This means that ∆ > ln
(

1+σH

1+σL

)

. Hence,

a sufficient condition for Aρ(ē,Ω) < 0 is:

ē ≥ ēA = 1− 1

λγ
[

1 + σL+νσH

ν+1

]
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Also note that:

Cρ(ē,Ω) = (1− τ)∆

(

ēν − 1

ν + 1

)

Cρ(ē,Ω) is positive for ē ≥ ēC =
(

1
ν+1

) 1
ν . Then we know that

ē(ρ) ≥ min {max (ēA, ēC) , 1} ≡ s̄ ⇒ ∂ē

∂ρ
< 0.

For ē < max (ēA, ēC), the sign of ∂ē
∂ρ

is not clear. For example, for ē(ρ) = 0 we have ∂µH

∂ρ
= 0,

and hence ∂ē
∂ρ

> 0. This is quite intuitive, in fact, an economy performing no selection will
have increasing incentives to select when they gain access to better screening technology.
Nevertheless, we can also find a sufficient condition for ∂ē

∂ρ
> 0. First, a sufficient condition

for Bρ(ē,Ω) > 0 is given by:

ē ≤ eA = 1− ∆

λγ ln
(

1+σH

1+σL

) [

1 + νσH+σL−∆ρν

ν+1

]

Note that eA < ēA. Then we know that

ē(ρ) ≤ max {0,min (eA, ēC) ≡ s} ⇒ ∂ē

∂ρ
> 0.

Note that κ does not enter in s̄ or s but it affects ē monotonically. So, economies with high κ,
characterized by a high ē and a low entry rate, are likely to increase entry when ρ increases,
but economies with low κ do just the opposite. We explore this margin on the quantitative
illustration of the mechanism.

F.2 Growth

1. Given the former results and that ∂g

∂ē
< 0, we can easily show:

∂g

∂κ
=

∂g

∂ē

∂ē

∂κ
< 0

∂g

∂β
=

∂g

∂ē

∂ē

∂β
> 0,

∂g

∂τ
=

∂g

∂ē

∂ē

∂τ
< 0

2. We can also study:

∂g

∂ρ
=

∂g

∂ē
︸︷︷︸

<0

∂ē

∂ρ
︸︷︷︸

?

+
∂g

∂µH

∂µH

∂ρ
︸ ︷︷ ︸

>0

.

Note that ∂ē
∂ρ

< 0 ⇒ ∂g

∂ρ
> 0.
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F.3 Composition

1. From previous results:

∂µH

∂κ
=

∂µH

∂ē

∂ē

∂κ
> 0

∂µH

∂β
=

∂µH

∂ē

∂ē

∂β
< 0,

∂µH

∂τ
=

∂µH

∂ē

∂ē

∂τ
> 0

2. We can also study:

∂µH

∂ρ
=

∂ē

∂ρ
︸︷︷︸

?

∂µH

∂ē
︸︷︷︸

>0

+
1− ēν+1

1− ē
− 1

︸ ︷︷ ︸

>0

Note that ∂ē
∂ρ

> 0 ⇒ ∂µH

∂ρ
> 0
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G Cost of Starting a Business, Entry, and Growth

Figure (4) uses World Bank data for a set of 74 countries to illustrate the effect of entry
cost on both entry and composition. Left panel of Figure (4) plots the natural logarithm
of entry rate against the natural logarithm of the average start-up cost as a percentage of
per capita Gross National Income over the years 2004-2008. The right hand panel plots the
average growth in GDP per capita divided by the entry rate of each country against the same
measure of cost enacting used on the left hand side. Figure (4) clearly states that growth
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Figure 4: Corporate Taxes, Entry and Growth

and entry costs are negatively correlated, but, the average growth contribution of entrants is
positively correlated with the entry costs. In this sense, higher entry cost is correlated with
lower growth but with higher composition.

H Private Credit, Entry, and Growth

Figure (5) uses World Bank data for a set of 74 countries to illustrate the effect of domestic
credit on both entry and composition. The left panel plots the natural logarithm of entry
rate against the natural logarithm of the credit to the private sector scaled by the entry
cost over the years 2004-2008.45 The right hand panel plots the average growth in GDP
per capita divided by the entry rate of each country against the same measure of credit
availability used on the left hand side.

45The World Bank provides a measure for the average cost of the start up procedures as a fraction of the
Gross National per capita Income (say C). They also provide private credit as a fraction of GDP (say S).

Then we build our proxy of the availability of funds in country j as Lj ∗ Sj

Cj
∗ P , where P is a scalar.
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Figure 5: Credit, Entry and Growth

If we assume that domestic credit adjusted by entry cost is a good proxy for the avail-
ability of credit, both figures provide an empirical illustration for the analytical results of
Proposition 5 about β. Nevertheless, a more formal econometric approach is needed, since
economic growth and private credit are in general negatively related.

I Corporate Tax, Entry, and Growth

As argued on the main text, empirical research points to a strong and significant effect of
taxation in firm entry, nevertheless, the effect of taxation in long run growth is practically
insignificant. Figure (6) uses cross country data to illustrate this puzzle: Left panel of figure
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Figure 6: Corporate Taxes, Entry and Growth

(6) plots the natural logarithm of entry density against the logarithm of effective first year
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corporate tax rates in 2004 for a set of 60 countries.46 The right panel shows the relationship
between the average growth rates of the next five years and effective first year corporate
tax rates. It is easily discernible that higher corporate tax rates are associated with lower
entry rates whereas there is no clear effect on the 5-year average of growth rates. According
to our model, the explanation lies on project heterogeneity and financial selection: higher
taxation induces stronger selection which reduces entry significantly decreasing the direct
effect of a larger cohort, nevertheless, tighter selection also implies a better composition of
the incoming cohort which might offset an important part of the negative effect on growth.

J Alternative Parametrization

Table 3 presents an alternative parametrization of the model. The only change compared
to the parametrization in Table 1 is the increase in κ from 0.12 to 0.2. Table 4 presents the

Table 3: Parameter Values

κ λ σL σH β ν ρ γ τ L

0.2 0.25 0.095 0.45 0.95 5 0.9 2 0.3 1

main long run of the model under this alternative parametrization. In line with Proposition

Table 4: Output of the Model

ē µH λ(1− ē) g r κw
Y

κ(1− ē) Av.(σ) Sd.(σ) Sk.(π)

0.7337 0.4921 0.0666 0.0154 0.0852 0.1697 0.0533 0.2697 0.1775 0.0317

5, the higher level of κ implies more selection, hence less entry and a higher proportion of
high type leaders among the incumbents, but also a lower long run growth rate. Note that
all the aggregates are still in their empirical ranges for developed economies with the only
exception of the skewness in the profit distribution.

46The data for effective rates of corporate taxes in the first year of a firm is available in Djankov et al.
(2010).
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J.1 Corporate Taxation, Firm entry and Growth

Figure 7 shows long run responses comparable with Figure 2 on the main text. Qualitatively,
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Figure 7: The Effect of Corporate Taxation on Growth and Entry

Figure 7 exhibits the same responses as Figure 2, both in line with the analytics results in
Proposition 5. The main difference is that less financially developed economies are never
able to growth more than more developed ones. In fact, the higher entry costs imply that
even with zero taxation the entry rate is in the range where financial development leads to
more entry, as seen in Proposition 6. Hence, more financially developed economies dominate
less developed ones in both, mass and composition margins.
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J.2 Financial Development and Resource Allocation

Figure 8 shows long run responses comparable with Figure 3 on the main text. The main
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(b) Composition
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(c) Growth
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(d) Pass-Through

Figure 8: The Effect of Financial Development on Growth and Entry

difference with respect to the baseline parametrization is the response of the entry rate to
financial development. In fact, Figure 8(a) displays an increasing entry rate in ρ, in line
with the low entry level region of Proposition 6. This means that the mass effect contributes
positively to growth. Composition now is subject to two effects, a direct positive effect given
the increase in ρ and an indirect negative effect coming from the increase of the entry. The
second effect dominates and hence, mass and composition stimulate economic growth when
financial development increases. Also note that, the entry rate increases at decreasing rates,
hence for high levels of financial development most of the growth comes from the composition
margin, just as in the main text. In fact, Figure 8(d) shows the same pattern than Figure
3(d), the absolute value of the growth-entry Pass-Through is increasing in ρ.
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