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Abstract
In a general equilibrium model where firms are heteroge-neous in terms of productivity, we 
introduce differenti-ated goods in production that are not perfect substitutes, as well as 
intermediate inputs needed to produce those goods. We show that an increase in either the 
comple-mentarity of differentiated goods or the share of interme-diate inputs in gross output, 
significantly increases the negative effect of entry costs on total factor productivity (TFP) and 
output per worker. We also find that the effect of complementarity is quantitatively stronger. 
If we assume an empirically plausible value for the elasticity of substitution between 
differentiated goods, then the model considerably improves its ability to reproduce the 
observed negative relationship between entry costs and TFP or output per worker.

1  INTRODUCTION

The ease of starting a new business differs significantly from one country to the next. In 
2012, the cost of following the procedures required to start up a firm was 0.3% of annual per 
capita income in New Zealand (the least expensive country); in Chad (the most expensive 
country), the corresponding figure was 186.3%. The worldwide average was 31.7% of annual 
per capita income.1

There is empirical evidence on the significant negative effect of entry costs on gross domestic 
product (GDP) per worker and on total factor productivity (TFP). In particular, Barseghyan (2008)
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estimates a negative impact of entry costs on both GDP per worker and TFP. His regressions also
show that entry costs have no statistically significant effect on human capital or on the capital–out-
put ratio. Loayza, Oviedo, and Serv�en (2005) carry out an empirical analysis while controlling for
the likely endogeneity of regulation with respect to macroeconomic performance; they conclude
that a stronger regulatory burden reduces growth and also increases its volatility. Nicoletti and
Scarpetta (2003) analyze the empirical link between regulation and productivity, concluding that
market-friendly regulatory reforms boost productivity growth.

The importance for economic development of linkages (and complementarity) between sectors
through intermediate inputs must be recognized. As pointed out by Jones (2011), the notion that
linkages across sectors can be central to economic performance dates back at least to Leontief
(1936). Hirschman (1958) also emphasized the importance of linkages (and complementarity) for
economic development. According to the empirical evidence reported by Jones (2011) for a sample
of 35 countries (all of them OECD members except for Argentina, Brazil, China, India, Indonesia,
and Russia), the share of intermediate inputs in gross output ranges from a minimum of 38% for
Greece to a maximum of 63% for China; the average is 52.6%, with a standard deviation of 6%.2

Empirical evidence reveals a significant variation in the share of intermediate inputs across coun-
tries. However, there is no apparent correlation between this share and per capita GDP across
countries.3

The aim of this paper is to analyze the potential role played by links and complementarity
across firms in amplifying the quantitative effects of entry costs on TFP and GDP per worker. To
that end, we develop a general equilibrium model with productivity heterogeneity between firms
along the lines of Hopenhayn (1992), Hopenhayn and Rogerson (1993) or Atkeson and Kehoe
(2005). The distinctive feature of our model is that we allow for linkages and complementarity in
production, along the lines set out by Jones (2011, 2013). Firms producing intermediate inputs are
ex ante identical and face a sunk entry cost. Once this entry cost is paid, the firm receives an inde-
pendent and identically distributed productivity shock that remains constant after entry as in Melitz
(2003). Firms also incur fixed operating costs in terms of overhead labor as in Poschke (2010) and
Barseghyan and DiCecio (2011). In this framework with free entry, a higher entry cost implies that
entry will continue to occur if wages are lower. These lower wages allow less productive firms to
be in the market so that the average productivity of firms and also TFP are smaller than in the case
of a lower entry cost.

We incorporate intermediate inputs and complementary differentiated goods in order to capture
the significance of links and complementarities between firms in accounting for differences in pro-
ductivity. As noted above, Jones (2011) argues that links across sectors and firms are key to a
country’s economic performance given that such links tend to amplify the effects that distortionary
policies have on aggregate productivity – because of a “multiplier effect” similar to the one associ-
ated with capital in the neoclassical model. Thus, inefficiencies that originate in one sector can
propagate across the economy; in turn, this can further reduce productivity in the original sector.
As Jones states: “Low productivity in electric power generation – for example, because of theft,
inferior technology, or misallocation – makes electricity more costly, which reduces output in
banking and construction. But this in turn makes it harder to finance and build new dams and
therefore further hinders electric power generation.” Complementarities in production are also cru-
cial to any analysis of the consequences of links across sectors because greater complementarity
places extra weight on lower-productivity sectors. As illustrated by the O-ring story in Kremer
(1993), higher levels of complementarity entail that sectors with lower productivity have a greater
effect on aggregate productivity.
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Using this framework, we can show that a decrease in the elasticity of substitution of differenti-
ated goods or an increase in the intermediate inputs share significantly amplifies the negative effect
of entry costs on aggregate productivity. Assume that the relationship between the logs of entry
costs and productivity is linear, which is nearly the case in our model. The slope of this relation-
ship increases when the elasticity of substitution decreases or the share of intermediate inputs
increases, holding all other parameters constant. In particular, an increase of 1% in the entry costs
reduces TFP by 0.15% if the elasticity of substitution is infinity, by 0.42% if the elasticity of sub-
stitution is 5 (which is roughly consistent with the average of the estimates provided by Broda &
Weinstein, 2006, for the United States), and by 0.76% if the elasticity of substitution is 2 (which is
in accordance with the median of the estimates provided by Broda & Weinstein, 2006).4 On the
other hand, an increase of 1% in the entry costs reduces TFP by 0.38%, 0.42% and 0.50% if the
share of intermediate inputs is, respectively, 38% (which is the minimum value in the OECD
cross-country sample), 46% (which is the US value), and 63% (the maximum value in the OECD
cross-country sample). Therefore, at least for reasonable values of the parameters, changes in the
intermediate inputs share have a lower impact on the relationship between productivity and entry
costs than changes in the elasticity of substitution.

Moreover, if we do not assume perfect substitution between intermediate inputs, then the empir-
ical performance of our model improves significantly. The model can accurately reproduce the
empirical evidence reported by Barseghyan (2008) on the relationship (across countries) between
entry costs and both GDP per worker and TFP, whenever an empirically plausible value for the
elasticity of substitution between intermediate inputs is assumed. He finds that an increase of entry
costs by 80% of income per capita decreases output per worker and TFP by 29% and 22%, respec-
tively. In our model, if the elasticity of substitution is 5 then increasing entry costs by 80% of out-
put per worker reduces GDP per worker and TFP by 50% and 34%, respectively. A value of the
elasticity of substitution around 10 allows us to obtain Barseghyan’s (2008) estimates in our simu-
lations. If inputs are perfect substitutes, then our model implies that an increase in entry costs by
80% of output per worker reduces GDP per worker and TFP by 17% and 11%, respectively. We
also show TFP differences between countries that exhibit the highest and lowest entry costs. If the
elasticity of substitution is infinity then the model accounts for 20% (33%) of the observed ratio
between the first and tenth (fourth) TFP decile (quartile), while if the elasticity of substitution is 5
then the model accounts for 33% (45%) of the observed ratio.

The basic mechanism driving our results, which is also present in the literature mentioned
above, is that a decrease in entry costs provokes an increase in average aggregate productivity
because firms, as explained above, have to pay higher wages. As a consequence some firms at the
lower end of the productivity distribution become unprofitable and leave the industry, as a result
of which employment is concentrated in more productive firms. However, the distinctive feature of
our model is that the productivity gains of this reallocation are larger, the higher is the comple-
mentarity between differentiated goods. In equilibrium, the wage rate is determined by the mar-
ginal productivity of labor of the marginal firm (the firm that is indifferent between leaving the
industry or not) that constitutes the exit productivity threshold. If differentiated goods were perfect
substitutes, the marginal productivity of labor of the marginal firm would be entirely idiosyncratic.
However, when intermediate goods exhibit some degree of complementarity, it depends less on the
marginal idiosyncratic productivity and more on the average aggregate productivity. This is the
way in which complementarity affects the change in the productivity of the marginal firm needed
to adjust the wage rate. While the final effect on aggregate productivity is unclear, we will show
that, for a reasonable calibration, our model quantitatively displays a bigger negative impact of
entry costs on TFP, when differentiated goods are not perfect substitutes.
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Several studies have analyzed the role of distorted resource allocation across firms to under-
stand productivity differences across countries. Hsieh and Klenow (2009) and Restuccia and 
Rogerson (2008), analyze how the costs of reallocation affect aggregate TFP. In these studies, the 
barriers are hypothetically given in the model (Restuccia & Rogerson, 2008) or measured as
“wedges” compared to the frictionless allocation (Hsieh & Klenow, 2009). Like Barseghyan and 
DiCecio (2011) and Moscoso-Boedo and Mukoyama (2012), we utilize the direct measures of
these barriers from the World Bank’s “Doing Business” dataset. Marimon and Quadrini (2006) 
argue that higher entry costs can account for cross-country income differences by discouraging 
human capital accumulation. Poschke (2010) shows that a model with technology choice and pro-
duct differentiation exhibits a large effect of entry costs on productivity. Barseghyan and DiCecio 
(2011) and Moscoso-Boedo and Mukoyama (2012) develop general equilibrium industry-dynamic 
models along the lines of the model developed here in order to evaluate the effects of entry costs 
on cross-country productivity differences.5 However, they do no take into account the existence of 
linkages and complementarities between firms via differentiated goods and intermediate inputs. 
Donovan (2014) considers intermediate inputs in production and analyses how some agriculture-
specific distortions influence the share of intermediate inputs, which can help to account for differ-
ences in productivity across countries.6 Our paper adds to this list by exploring the extent to which 
a plausible mechanism (namely, the existence of links and complementarities between firms via 
differentiated goods and intermediate inputs) could amplify the effect on aggregate productivity of 
resource misallocation stemming from entry costs.

The rest of the paper is organized as follows. The model is described in Section 2. Simulation 
results are presented in Section 3. Section 4 concludes.

2  THE  MODEL

2.1  Final Sector

A perfectly competitive representative firm produces both a final good and an intermediate input. 
The final good can be allocated to consumption and investment; the intermediate input is used to 
produce a continuum of differentiated goods. The representative firm uses a constant elasticity of 
substitution (CES) production function defined over a continuum of differentiated goods in the 
interval [0,n].7 Output of the final good and the intermediate input, y+z, is given by

yþ z ¼ nðg�1Þ=g
Z n

0
xgi di

� �1=g

; (1)

where 0<g≤1, n is a measure of the firms engaged in production of differentiated goods, and xi is
the demand of the differentiated good i by the representative firm; here z and y are the amount
produced of intermediate input and final good, respectively.

Production function (1) is intended to embody the reliance of goods manufacturing on a wide
variety of specialized business services and goods as inputs. The parameter g provides a measure
of the degree of “differentiation” between any pair of differentiated goods, since the elasticity of
substitution between any pair is 1/(1�g). As pointed out by Jones (2011), 1/(1�g) (or its inverse)
could also be termed the “elasticity of complementarity”. As g approaches 1, the elasticity of sub-
stitution approaches ∞. Yet if g decreases, then the elasticity of substitution decreases and so the
degree of complementarity between differentiated goods increases. A value of g = 0.8, which is
empirically plausible as we will argue below, implies an elasticity of substitution of 5.
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The perfectly competitive representative firm chooses xi so as to maximize its profits subject to
its technological constraint (1). The first-order condition of this firm’s maximization problem is

pi ¼ yþ z
nxi

� �1�g

; (2)

for all i 2 [0,n], where pi is the price of differentiated good i and where the price of the final good
has been normalized to 1. The price of the intermediate input equals the price of the final good
and is also 1. From (1) and (2) it follows thatZ n

0
pixidi ¼ yþ z: (3)

2.2  Intermediate Sector

Each differentiated good is produced by a perfectly competitive representative firm. A firm 
engaged in production incurs an operating cost consisting of wages paid to / units of overhead 
labor. Thus, total overhead labor is /n. Each firm uses a Cobb–Douglas production function,

xi ¼ q1�a
i khi l

1�h
i

� �ah i1�c
zci ; (4)

where 0<h<1, 0<a<1, and 0<c<1 and where ki and li are respectively the stock of capital and the
variable number of workers used in the production of differentiated good i. Here qi is productivity
of intermediate firm i, and zi is the amount of intermediate input used to produce the differentiated
good i. The parameter a reflects the extent of decreasing internal returns to scale from both capital
and labor. The parameter c represents the share of the intermediate input in the gross output of
firms producing differentiated goods. The intensity of links across sectors depends on c. If c = 0,
then the productivity of labor and capital in each variety depends only on qi and thus is indepen-
dent of the rest of the economy. However, to the extent that c>0, low productivity in one sector
feeds back into the other sectors.

A firm producing the differentiated good i maximizes its profit,

pi ¼ pixi � rkki � wðli þ /Þ � zi; (5)

subject to technological constraint (4). The first-order conditions for this profit-maximizing prob-
lem are

rk ¼ að1� cÞh pixi
ki

; (6)

w ¼ að1� cÞð1� hÞ pixi
li

; (7)

1 ¼ c
pixi
zi

; (8)

for all i 2 [0,n], where w is the wage rate and rk is the rental price of capital. Equations (6) and
(7) establish that the marginal product of each factor is equal to the rental price. Equation (8)
establishes that the marginal product of the intermediate input equals its price (which has been nor-
malized to unity).
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z ¼ cðyþ zÞ; (9)

2.3  Aggregation

From (3) and (8) it follows that

where

z ¼
Z n

0
zidi

is the aggregate quantity of the intermediate input used in the production of differentiated goods
and c is the intermediate input share in gross output. Using (3) and (9), the first-order conditions
(6) and (7) can be rewritten as

rk ¼ ah
y
k

(10)

and

w ¼ að1� hÞ y
l
; (11)

where

k ¼
Z n

0
kidi and l ¼

Z n

0
lidi

are respectively the aggregate quantities of capital and variable labor used in production. In equi-
librium, labor supply (which it is normalized to unity) must be equal to total variable labor l plus
total overhead labor /n:

1 ¼ lþ /n: (12)

After some algebra (which is relegated to the Appendix), output of the final good can be rewrit-
ten as a function of TFP and aggregate capital as follows:

y ¼ Akah: (13)

Here

A ¼ 1
/

� �1�a

½ð1� cÞ1�ccc�1=ð1�cÞq1�að1� lÞ1�alað1�hÞ (14)

is the TFP, which depends not only on the allocation of labor between productive and overhead
uses but also on an average productivity index

q ¼ 1
n

Z n

0
qDi d i

� �1=D

; (15)

where

D ¼ ð1� aÞð1� cÞg
1� gþ ð1� aÞð1� cÞg : (16)
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Firm i’s value added is equal to the average value added by the firm multiplied by a function
of its relative productivity,

ð1� cÞpixi ¼ y
n

qi
q

� �D

: (17)

2.4  Entry

New firms deciding to enter the intermediate sector do not know their productivity, which is an 
independent realization of a random variable ɛ. This variable is distributed Raccording to the func-
tion F:R⟶[0,1], with positive density f on the support [0,∞) and where 0

1 ef ðeÞde\1. It  is  
assumed that productivity remains constant throughout the firm’s lifetime. Entry into the intermedi-
ate sector requires that the firm pay an entry fee equal to ky (k>0) units of the final good.8 The 
government collects firms’ entry fees and redistributes them to households as a lump-sum transfer. 
Firms know their productivity after paying the entry costs.

Using equations (6)–(8) allows us to rewrite equation (5) as pi=(1�c)(1�a)pixi�w/. Substitut-
ing (11) and (17) into this expression, assuming that qi=ɛ, and taking (12) into account, we have

pe ¼ y/ ð1� aÞ e
q

� �D 1
1� l

� að1� hÞ 1
l

" #
: (18)

From (18) it now follows that firm i’s profits are an increasing function of its productivity. A new-
entrant firm decides to start production if and only if pɛ ≥ 0. For a stationary equilibrium in which
y, l, and q are constant, a potential entrant deciding to start production never drops out thereafter;
similarly, a potential entrant deciding to stay out never reverses that decision. Hence there is a
minimum productivity level, ɛ, for which

pe ¼ 0; (19)

thus a new entrant does not start production for all ɛ<ɛ but does start production for all ɛ≥ɛ. Given
equation (18), equation (19) implies that

e
q

� �D

¼ að1� hÞ
1� a

1� l
l

: (20)

Let m(ɛ) be the density of firms with productivity ɛ that are engaged in production. In a station-
ary equilibrium, m is constant and is determined by the distribution of productivity (conditional on
successful entry). Therefore, m(ɛ) is the conditional distribution of f(ɛ) on the interval [ɛ,∞) such
that m(ɛ)=f(ɛ)/(1�F(ɛ)) if ɛ≥ɛ and m(ɛ) = 0 otherwise. It follows that the average productivity
index, q, can be rewritten as

q eð Þ ¼ 1
1� F eð Þ

Z 1

e
eDf ðeÞde

!1=D

: (21)

Our first proposition states that the average productivity index is a strictly increasing function
of the cutoff productivity level ɛ.
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Proposition 1 The average productivity index, q, is a strictly increasing function of ɛ.
Moreover, lime!0 qðeÞ ¼ ðR10 eDf ðeÞdeÞ1=D [ 0 and lime!1 qðeÞ ¼ 1.

All proofs are given in the Appendix.
In a stationary equilibrium, the expected discounted profits of a new-entrant firm (before that

firm’s productivity is known) are P ¼ ð1=rnÞ
R1
e pef ðeÞde, where rn is the discount factor of firms

producing differentiated goods. Entry of firms is determined by the free-entry condition Π = ky,
whereby the expected discounted profits of a new entrant must be equal to its entry costs. We can
use equations (18) and (20) to rewrite the free-entry condition as a function of the cutoff produc-
tivity level ɛ. Thus, we have

1� F eð Þð Þ 1� a
að1� hÞ

e
q

� �D

þ1

" #
e
q

� ��D

�1

" #
¼ krn

að1� hÞ/ : (22)

2.5  Closing the Model

The final good can be devoted to consumption c or to capital investment xk, where the latter is 
used to produce differentiated goods. In equilibrium, the following equation must hold:

y ¼ cþ xk: (23)

In a stationary equilibrium, the ratio of investment to capital is constant and equal to

xk
k
¼ dk; (24)

where xk is investment and dk is the depreciation rate of capital. We assume that there is a perfect
rental market for capital and also that there are no capital adjustment costs. Hence the rental price
of capital is

rk ¼ qþ dk; (25)

where q is the interest rate. We assume that the closure of intermediate firms follows a homoge-
neous Poisson process and, therefore, the discount factor of intermediate firms is

rn ¼ qþ dn: (26)

where dn is an exogenous rate reflecting each firm’s risk of encountering, with probability dn, an
adverse shock that leads to exit the industry.

A stationary equilibrium is characterized by equations (10)–(14) and (20)–(26). The following
proposition establishes the existence of a unique stationary equilibrium.

Proposition 2 A stationary equilibrium exists and is unique.

Total factor productivity A is given by equation (14), which can be written, using (20), as a
function of the cutoff productivity level ɛ:

A ¼ Xq1�a e
q

� �Dð1�aÞ 1� a
að1� hÞ

e
q

� �D

þ1

" #ah�1

; (27)
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here

X � 1
/

� �1�a

½ð1� cÞ1�ccc�1=ð1�cÞ 1� a
að1� hÞ
� �1�a

: (28)

Our next proposition establishes that TFP is a strictly increasing function of the cutoff produc-
tivity level.

Proposition 3 Total factor productivity A is a strictly increasing function of the cutoff ɛ.

The following proposition establishes that, if entry costs increase, then the cutoff productivity
level ɛ decreases, the average productivity index q decreases, and TFP A decreases.

Proposition 4 The terms ɛ, q, and A are strictly decreasing functions of k.

The ratio of stationary capital to output is given by k/y = ah/(r+dk), which does not depend on 
entry costs, on the elasticity of substitution, or on the share of the intermediate input in gross out-
put. Therefore, changes in these parameters will affect output only through changes in TFP.

2.6  Entry Costs, Complementarity and Aggregate Productivity

We will use the model to illustrate the mechanism through which the degree of complementarity 
between differentiated goods affects the negative impact of entry costs on average aggregate pro-
ductivity. The free entry condition implies that an increase in k must be offset in equilibrium by a 
decrease in the wage rate, w, so that the entry of firms remains profitable. To understand the role 
of complementarities in the wage adjustment, it is convenient to make explicit the relationship 
between the wage rate and the productivity cutoff in order to better understand why, for lower 
values of g, a higher fall in the productivity cutoff can be necessary to generate the same fall in 
the wage rate. From equations (11), (13), and (20), after a little algebra it follows that, in equili-
brium, the wage rate equals the marginal productivity of labor of the firm with the cutoff produc-
tivity level

w ¼ a 1� hð ÞX1=ð1�ahÞ k
y

� �ah=ð1�ahÞ
eDq1�D
� �ð1�aÞ=ð1�ahÞ

(29)

where D and Ω are given by (16) and (28), respectively. The marginal productivity of labor on the
right-hand side of (29) depends on a weighted geometric average of the productivity level of the
marginal firm (i.e., the cutoff) and the average aggregate productivity.

If differentiated goods are perfect substitutes, D = 1, the marginal productivity of labor in
the right-hand side of (29) only depends on the cutoff. However, when differentiated goods
are less than perfect substitutes we have D<1, and the marginal productivity of labor of the
marginal firm that determines the wage rate depends less on the productivity cutoff and more
on the average aggregate productivity, which itself is positively related to the cutoff. Therefore,
a decrease in the cutoff needed to induce a fall in the wage rate has both direct and indirect
effects on the marginal productivity determining the wage rate. Moreover, the higher is the
complementarity, the lower is D, lowering the direct effect of a reduction in the cutoff and
increasing the indirect effect through a reduction in the average aggregate productivity. This is
the way complementarity affects the wage adjustment as a response to a change in entry costs.
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To induce a decrease in the wage rate as a response to an increase in entry costs, do we need 
a bigger or a lower reduction in the cutoff when D<1, compared to the change needed when 
D = 1? The answer depends on which of those two forces dominates in the wage adjustment. 
If the decrease needed in the cutoff is bigger, then we will end up observing that higher entry 
costs will have a higher impact in reducing average aggregate productivity and TFP. The 
opposite will happen if the decrease needed in the productivity cutoff is smaller. The next sec-
tion shows that, for a plausible numerical calibration of our model, a higher complementarity 
between differentiated goods generates a quantitatively bigger negative impact of entry costs on 
productivity.

3  EMPIRICAL  RESULTS

3.1  Calibration

In order to test our model against the empirical evidence on the relationship between entry 
costs, TFP and GDP per worker, we give numerical values to the model’s parameters as fol-
lows. The interest rate is set to q = 0.041 (as in McGrattan & Prescott, 2005), and the rate of 
depreciation is set to dk = 0.08 (as in Klenow & Rodrı�guez-Clare, 2005). These values are 
standard in the literature. The parameter a captures the extent to which there are diminishing 
returns to scale in variable inputs at the firm level; it is set equal to 0.85. This value is also 
commonly used in the literature (see Atkeson & Kehoe, 2005; Restuccia & Rogerson, 2008) 
and is close to the value of 0.84 estimated by Basu (1996). We set ah ¼ , the same value 
used by Klenow and Rodrı�guez-Clare (2005). Since a = 0.85, it follows that h is equal to 
0.392. Djankov, Ganser, McLiesh, Ramalho, and Shleifer (2010) report an entry rate for the 
USA of 8.2% and, given that in the model’s stationary state entry and exit rates are equal, we 
set dn = 0.082.9

To set c, we use the evidence provided by Jones (2011) where the share of intermediate inputs 
in US gross output is reported to be 46%, implying c = 0.46. The parameter determining the elas-
ticity of substitution, g, is assumed to be equal to 0.8. Using g = 0.8 is empirically reasonable 
given that this value is consistent with the estimates provided by Broda and Weinstein (2006) for 
the USA. However, given that these two parameters are the distinctive feature of our model, we 
will perform some sensitivity analysis by allowing them to take different values in order to check 
how sensitive the results are to the assumed numerical values.

With these parameter values, we follow Barseghyan and DiCecio (2011) and assume that ɛ 
is log-normally distributed with mean l and standard deviation r, and the mean, which is a 
scale parameter, is normalized to �10. We also use their strategy of using the model to cali-
brate r and / in order to replicate the distribution of employment and firm shares by size in 
the USA. To do this, notice that using equations (11) and (20) in equation (22), the latter can 
be written as

1� F eð Þð Þ e
q

� ��D

�1

" #
¼ ky

/w
rn: (30)

This equation makes clear that what matters for entry is the ratio of entry to overhead costs. Fol-
lowing Barseghyan and DiCecio (2011), we set this ratio to be 82%, implying that ky//w = 0.82
in equation (30).10 Using equation (30) – instead of (22) – and ky//w = 0.82, we search for values
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of r and / that minimize the sum of squared errors of 18 moments in both the distribution of
employment and firm shares by size in the USA, nine moments for each distribution. We use the
model to compute the share of employment in firms with a number of employees within the fol-
lowing nine intervals: fewer than 5, 5–9, 10–19, 20–49, 50–99, 100–249, 250–499, 500–999 and
more than 999. We also compute the share of firms within each employment interval. We end up
with 18 moments generated by the model that can be compared with those computed from US
data. Notice that the strategy of calibration removes the need to have a value for k, since it only
appears in equation (22) and, by writing this equation as in (30), we make the calibration depend
on the ratio ky/w/ which is observable and set equal to 0.82 for the US as noted above. However,
since / also affects the distribution of labor and firm share by size, we need a numerical value for
/ in order to compute the moments generated by the model. Firstly, the employment level of the
firm with the lowest productivity is endogenously determined in the model and, according to equa-
tions (12), (20), and (35), is given by

le ¼ 1� ah
1� a

/;

where, in (35), we are using q0 � e. Secondly, the productivity levels associated to each of the
eight employment levels lj=5,10,20,50,100,250,500,999, mentioned above and giving rise to the
nine employment intervals used for calibration, are given by

ej ¼ lj � /
/

1� a
a 1� hð Þ

� �1=D

e

where we are using (20) and (35), also with qj�ɛj.
In summary, we choose the values of / and r that bring the 18 model employment and firms

distribution moments as close as possible to the data, using the sum of squared errors as the func-
tion to minimize. As a result we have / = 0.49 for firm’s operating costs and r = 15.19 for the
standard deviation of the log-normal distribution. Now, using (20) to compare equations (22) and
(30), we can recover k as

k ¼ 0:82að1� hÞ/ 1� a
að1� hÞ

e
q

� �D

þ1

!�1

; (31)

which gives k = 0.2115 for the entry costs.11 The latter value can be understood as the sum of 
two terms: the regulatory component of that cost which, according to the World Bank’s “Doing 
Business" report, was 0.0033 for the USA in year 2005, and what we call the non-regulatory com-
ponent of the sunk entry cost which can be obtained as a residual from our calibration, resulting in 
0.208. Table 1 displays the calibrated parameter values.

3.2  Complementarity, Intermediate Input Share and Total Factor 
Productivity: A Sensitivity Analysis
We noted earlier that the distinguishing feature of our model is the consideration of imperfect sub-
stitution between differentiated goods as well as the presence of intermediate inputs in the produc-
tion of those differentiated goods. In terms of our model this implies that D 6¼1. To check how 
relevant are both the complementarity between differentiated goods, g, and the share of

11



intermediate inputs, c, in delivering our results, we simulate the model’s productivity for different
values of k while allowing g to be 1, 0.8 or 0.5 and12 assigning to the remaining parameters the
values given in Table 1. Then we repeat the exercise but with c being either 0.38, 0.46 or 0.63
while13 g = 0.8 and all the remaining parameters are again those in Table 1.

From our simulations there is one clear conclusion: changes in either the elasticity of substitu-
tion or the share of intermediate inputs considerably amplify the effects of entry costs on TFP,
with the former having a considerably bigger effect than the latter. The simulations are shown in
Figure 1. For ease of comparison it must be noted that the red line is the same both in the upper
and lower panels of Figure 1, where also the axis scales are identical. If we adjust a linear regres-
sion to the results of the simulation, in the upper panel of Figure 1 a 1% variation in the entry
costs delivers a change in TFP that ranges from �0.15% when g = 1 to �0.76% when g = 0.5. In

TABLE 1 Baseline Parameter Calibration

Borrowed from other sources

Symbol Description Value Symbol Description Value

q Interest rate 0.041 h Elasticity of output to capital 0.392

dk Depreciation rate 0.08 dn Entry/exit rate 0.082

a Decreasing returns to scale 0.85 g Degree of differentiation 0.8

l Log-normal mean �10* c Share of intermediate inputs 0.46

Targeted

Symbol Description Value

r Log-normal standard deviation 15.19

k Entry cost 0.212

/ Overhead labor 0.49

* Scale parameter, normalized

FIGURE 1 Model TFP as a Function of Entry Costs for Different Values of g and c [Colour figure can be
viewed at wileyonlinelibrary.com]
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the lower panel of Figure 1 that sensitivity goes from �0.38% when c = .38 to �0.50% when 
c = .63.

The above exercises suggest that accounting for cross-country differences in the intermediate 
inputs share and, above all, in the elasticity of substitution of differentiated goods can help explain 
observed differences in productivity across countries. According to the results of our simulations, 
if two countries have the same entry costs then the country with the higher intermediate inputs 
share or lower elasticity of substitution has the lower productivity.

3.3  Entry Costs and Differences across Countries in TFP and GDP per 
Worker

Now we compare the model simulations with the data in order to test if the model can account for 
the observed relationship between entry cost and TFP and output per worker across countries, for 
reasonable values of complementarity between differentiated goods (i.e., for lower values of g) and 
of intermediate input share c. We allow for g and c to take the different numerical values used 
before and recalibrate r and / accordingly. Since the targeted parameters reported in Table 1 
depend on the values of the parameters taken form other sources, every time we pick a different 
value for the latter we use the model to calibrate the former. Therefore, every time we change the 
numerical values of g and c, we recalibrate the targeted parameters to consistently modify the sce-
nario in which we perform cross-country comparisons. Tables 2 and 3 display the resulting tar-
geted parameter values.

In order to identify reasonable cross–country values for k, we use 2005 data on the legal fees 
required to open a business as reported by the World Bank for 99 countries. In the World Bank 
data, these legal fees are given as a percentage of per capita income. We multiply this percentage 
by the ratio of population to employment;14 by doing this are able to write these entry fees as a 
fraction of output per worker. Then we add the value for the US ratio of entry costs to output per 
worker (calibrated using equation (31)), net of US legal fees, to each of these entry fees and so 
derive a value representing the overall entry costs for each country in our sample. We follow Bar-
seghyan and DiCecio (2011) in assuming that the ratio of non-regulatory entry costs to output per 
worker is constant across countries. Data on GDP per worker and TFP are computed using 2005 
data (for 99 countries) on capital stock, GDP, employment, and human capital; these data are taken 
from the PWT.15

Figure 2 plots the relationship between TFP and entry costs (both in logs and relative to the 
USA) in the model and in the data, for three different calibrations of the model corresponding to 
three different values of g. The slope of a linear relationship between TFP and entry costs in our 
model is �0.14, �0.42 and �1.17 when g is equal to 1, 0.8 (the baseline calibration), and 0.5, 
respectively. The slope of a linear relationship estimated from observed data is �0.89 when g is

TABLE  2  Calibration for Different Values of g*

Symbol Description
g = 0.5 g = 1
Value Value

r Log-normal standard deviation 36.75 3.72

k Entry cost 0.256 0.212

/ Overhead labor 0.57 0.49

* The remaining parameters borrowed from other sources are those of Table 1.
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either 1 or 0.8 and �0.96 when g = 0.5.16 Therefore, the model accounts for 16%, 47% and 121%
respectively of the average relationship (observed in the data) between entry costs and TFP.

Figure 3 shows the relationship between entry costs and GDP per worker. The slope of the lin-
ear relationship (observed in the data) between GDP per worker and entry costs is �1.60 when
g = 1 or 0.8, and �1.71 when g = 0.5; in the model, that slope is �0.21, �0.63, and �1.76 for g
equal to 1, 0.8, and 0.5, respectively.17 So if g = 1 (g = 0.8, g = 0.5) then the model accounts for
13% (39%, 110%) of the average relationship (observed in the data) between entry costs and GDP
per worker.

TABLE 3 Calibration for Different Values of c*

Symbol Description
c = .38 c = .63
Value Value

r Log-normal standard deviation 13.7 20.46

k Entry cost 0.212 0.212

/ Overhead labor 0.49 0.49

*The remaining parameters borrowed from other sources are those of Table 1.

FIGURE 2 Observed and simulated TFP (relative to US TFP) and entry costs for different values of g [Colour
figure can be viewed at wileyonlinelibrary.com]
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Concerning the different values of c considered for simulation, the sensitivity of the results is
much lower. The data giving rise to Figures 4 and 5, in which both empirical observations and
simulations are displayed for two additional values of c, show that the regression of the observed
data on TFP and GDP is invariant to the value taken by c, the reason being that the calibrated
value of k does not change with c. They also show that the simulation results are much less sensi-
tive to changes in c than in g: the sensitivity of TFP to entry costs goes from �0.38 (when
c = .38) to �0.55 (when c = .63), while the sensitivity of GDP per worker to entry costs is �0.57
and �0.82, respectively. As can easily be seen, changes in c, compared to changes in g, have less
influence on the effect of entry costs on productivity.

We also compare TFP differences between countries that exhibit the highest and lowest entry
costs. In the model, if g = 0.8, then countries in the first decile (quartile) of the entry-cost distribu-
tion have, on average, 2.14 (1.64) times higher TFP than countries in the last decile (quartile). In
the data, the corresponding values are 6.56 and 3.60, respectively. If g = 1 the model accounts for
20% (33%) of the observed difference in TFP between countries in the first and last deciles (quar-
tiles); if g = 0.8, the model accounts for 33% (45%) of that observed difference; if g = 0.5 the
model is able to account for 99% (86%) of the observed ratio between the first and tenth (fourth)
TFP deciles (quartiles). See Table 4, where we also show that the influence of c on the dispersion
of TFP generated by entry costs is lower.

With an empirically plausible degree of complementarity between differentiated goods (e.g.,
g = 0.8), the model’s performance improves considerably and is better able to reproduce the fol-
lowing empirical fact. In a thorough analysis involving the application of instrumental variables

FIGURE 3 Observed and simulated GDP per worker (relative to US GDP) and entry costs for different values
of g [Colour figure can be viewed at wileyonlinelibrary.com]
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techniques to a data set of 97 countries, Barseghyan (2008) finds that increasing entry costs by
80% of per capita income (half a standard deviation in his sample) reduces TFP by 22% and GDP
per worker by 29%. If g = 0.8 then our model implies that increasing entry costs by 80% of output
per worker reduces TFP by 34% and GDP per worker by 50%; if g = 1 then our model is the

FIGURE 4 Observed and simulated TFP (relative to US TFP) and entry costs for different values of c [Colour
figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Observed and simulated GDP per worker (relative to US GDP) and entry costs for different values
of c [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 4 Cross-country TFP Differences

Data

Simulations*

g = 0.5 g = 0.8 g = 1 c = 0.38 c = 0.63

Average 1st decile TFP/average 10th decile TFP 6.56 6.53 2.14 1.29 2.01 2.70

Average 1st quartile TFP/average 4th quartile TFP 3.60 3.13 1.64 1.16 1.57 1.89

*For simulations, in each column all parameters except that in the column head are taken from Table 1.

same as in Barseghyan and DiCecio (2011) and, like them, it implies that the same increase in 
entry costs reduces TFP and GDP per worker by only 11% and 17%, respectively.18 A value of g 
of about 0.9 allows us to obtain the Barseghyan (2008) estimates.

Finally, it must be emphasized that, in terms of the function we try to minimize in the calibra-
tion (the sum of squared errors of the 18 moments mentioned above), the parameters from Table 1 
allow that function to achieve exactly the same minimum value as when the parameters of the sec-
ond column of Table 2 are used, namely 9.27. However, with the parameters of the first column 
of Table 2 that minimum is equal to 1704.6, which means that the ability of the model to replicate 
the employment and firms distribution by firms size with the parameter values of Table 1 is the 
same as under the alternative listed in the second column of Table 2 and much better than when 
values from the first column of Table 2 are used. This is a reinforcing argument in favor of assum-
ing an elasticity of substitution between differentiated goods lower than perfect but not too low, 
and of considering Table 1 parameter values as a reasonable scenario.

4  CONCLUSIONS

We develop a model in which higher entry costs allow lower-productivity firms to operate, which
reduces firms’ average productivity as well as aggregate TFP. In this framework, we introduce 
intermediate inputs as well as differentiated goods that are imperfect substitutes in production, in 
order to analyze the role played by links and complementarities across firms in amplifying the 
quantitative effects of entry costs on TFP and on GDP per worker. In short, we explore how links 
and complementarities across firms deteriorate resource misallocation caused by entry costs and 
amplify their effects on aggregate productivity.

We show that the negative effect of entry costs on aggregate productivity is significantly 
amplified by either a decrease in the elasticity of substitution between differentiated goods or an 
increase in the share of intermediate inputs in gross output, although the effect of the former is 
considerably larger. Therefore, our model identifies a plausible mechanism whereby a lower elas-
ticity of substitution is able to increase the effect that misallocated resources have on aggregate 
productivity.

Our analysis reveals that introducing differentiated goods that are not perfect substitutes in pro-
duction (and thus accounting for links and complementarities between firms, as suggested by 
Jones, 2011) enables the model to reproduce accurately the cross-country empirical evidence 
reported by Barseghyan (2008) concerning the negative effect of entry costs on TFP and on GDP 
per worker. Hence our analysis confirms that considering links and complementarities between 
firms can help to account for the effect, on TFP and also on output per worker, of distorted 
resource allocation. Such an accounting should contribute to our understanding of what causes the 
large disparities in income across countries.
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END NOTES

1 See World Bank (2012). The World Bank’s “Doing Business” reports are available online. Reported measures of
entry costs were originally constructed by Djankov, La Porta, Lopez-de-Salines, and Shleifer (2002) and later
expanded by the World Bank.

2 Jones (2011) uses data from the 2006 edition of the OECD Input–Output Database (see Yamano & Ahmad, 2006),
which includes 35 countries and 48 industries.

3 Donovan (2014) reports that the intermediate inputs share in agriculture, but not in other sectors, is positively cor-
related with per capita GDP.

4 Using trade data at the four-digit level of aggregation for the USA in the period 1990–2001, Broda and Weinstein
(2006) estimate that the elasticity of substitution between differentiated goods is on average 4.7, while the median
of their estimates is 2.1. At the same level of aggregation the average of their estimates is 4.9 for reference priced
goods and 11.6 for commodities, while the medians are, respectively, 2.9 and 3.5.

5 Moscoso-Boedo and Mukoyama (2012) also evaluate the effects of firing costs on cross-country productivity dif-
ferences.

6 Ebell and Haefke (2009) and Felbermayr and Prat (2007) analyze the effect of entry costs on the unemployment
rate.

7 This CES aggregator was proposed by Dixit and Stiglitz (1977) and then used extensively in the literature (e.g.,
Ethier 1982; Benassy 1996, 1998). Jones (2011) also uses a CES aggregator.

8 We assume that entry costs are proportional to output per worker, which is consistent with the empirical evidence
reported by Bollard, Klenow, and Li (2016).

9 Dunne, Rogers, and Samuelson (1988), using data of US manufacturing industries from 1963 to 1982, found an
average annual entry rate of about 8% and an average annual exit rate of about 7.5%.

10 Entry costs include regulatory and non-regulatory entry costs. World Bank (2011) provides information on the
former, and the scarce evidence on the latter suggests that they mostly consist of capital purchases but also of
market research and advertising; see Barseghyan and DiCecio (2011) and the references cited therein. To over-
come the reduced evidence on both fixed and overhead costs, the literature resorts to estimates. The value of 0.82
used in our calibration is the average ratio of the estimates provided by Aguirregabir�ıa and Mira (2007) for sev-
eral Chilean industries (restaurants, gas stations, bookstores, shoe shops, and fish shops) and by Dunne, Klimkek,
Roberts, and Xu (2009) for two US industries (dentists and chiropractors) in three different market settings.

11 We get the same values for / and k as in as Barseghian and DiCecio (2011) when g = 1, showing that, although
in general employment and firms distributions do depend on /, changing the value of g to 0.8 does not affect the
calibrated values of / and k. Later on we will see that, if we consider other different values for g, the calibrated
values of / and k can be different (see also Table 2).

12 As noted in the Introduction, Broda and Wenstein (2006) find compelling evidence in favor of an estimated aver-
age value of g = 0.8 for the USA, which implies an elasticity of substitution of 5. g = 1 (infinite elasticity of
substitution) is the value used in the literature with which we want to compare. We also use g = 0.5, correspond-
ing to an elasticity of substitution of 2, the median value estimated by Broda and Wenstein (2006) for the USA.

13 While c = .46 is the US share of intermediate inputs in gross output reported by Jones (2011) and mentioned in
the Introduction, .38 and .63 are the lowest and highest values of c also reported by Jones (2011), corresponding
respectively to Greece and China.

14 Data on employment and population are taken from Penn World Table (PWT) version 8.0; see Feenstra, Inklaar,
and Timmer (2013).

15 Our data differ from that of Barseghyan and DiCecio (2011) on two counts. First, we use 2005 data whereas they
use 2000 data. Second, our TFP figures are based on capital stock data taken from the PWT. These PWT data
are, in turn, based on several different asset types (for an explanation, see Feenstra et al. 2013) and also on the
assumption that the rate of depreciation is not the same in all countries (given that the composition of capital dif-
fers across countries).

16 Notice that the regression computed with data depends on the value of g we are using for calibration. The reason
is that k (the regressor) is the sum of non-regulatory and regulatory entry fees. The latter are taken from data and
are different across countries; the former are calibrated and assumed to be equal across countries. Therefore, as
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long as the calibrated value of k changes (which happens for g = 0.5 but not for g = 1 or 0.8), the coefficient of
the regression will be different.

17 As mentioned previously, in this model the capital–output ratio does not depend on entry costs. Therefore, the
model-implied slope of the linear relationship between (the log of) GDP per worker and (the log of) entry costs
is equal to the slope of the linear relationship between (the log of) TFP and (the log of) entry costs multiplied by
1/(1�ah).

18 If g = 0.5, a 80% increase in entry costs reduces TFP and GDP per worker by 93% and 117%, respectively.
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APPENDIX

Aggregation

From the first-order condition of the final firm (2), it follows that

pixi
pjxj

¼ xi
xj

� �g

(32)

for all i,j 2 [0,n].
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From the first-order conditions of firms producing differentiated goods (equations (6)–(8)) we
have

pixi
pjxj

¼ zi
zj
¼ ki

kj
¼ li

lj
(33)

for all i,j 2 [0,n]. By (33), (2) and (4),

xi
xj

� �g

¼ qi
qj

� �D

(34)

for all i,j 2 [0,n], where D=(1�a)(1�c)g/(1�g+(1�a)(1�c)g).

From the definitions of k, l, and z along with equations (32)–(34), it follows that

z
zj
¼ k

kj
¼ l

lj
¼ q

qj

� �D

n; (35)

here q is an average productivity index, which is given by

q ¼ 1
n

Z n

0
qDi di

� �1=D

:

From (4) and (35) we obtain

xi ¼ qD=gi ðqDnÞ�ðað1�cÞþcÞðkhl1�hÞað1�cÞzc:

Taking into account equations (9) and (12), substituting the previous expression into equation (1)
yields

y ¼ Akah;

where

A ¼ 1
/

� �1�a

½ð1� cÞ1�ccc�1=ð1�cÞq1�að1� lÞ1�alað1�hÞ:

From equations (3) and (9), together with (32)–(34), it follows that firm i’s value added is

ð1� cÞpixi ¼ y
n

qi
q

� �D

:

Proof of Proposition 1
From the definition of q(ɛ), which is given by equation (21), we have on the one hand that

lim
e!0

q eð Þ ¼
Z 1

0
eDf ðeÞde

� �1=D

[ 0

because lime!0ð1� FðeÞÞ ¼ 1 and lime!0
R1
e eDf ðeÞde ¼ R10 eDf ðeÞde. On the other hand,

lime!1ð1� FðeÞÞ ¼ 0 and lime!1
R1
e eDf ðeÞde ¼ 0. So applying l’Hôpital’s rule yields
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lim
e!1 q eð Þ ¼ lim

e!1
�eDf eð Þ
�f eð Þ ¼ 1:

Differentiating equation (21), we obtain

q0 eð Þ ¼ 1
D

q eð Þ1�D

1� F eð Þð Þ2 � 1� F eð Þð ÞeDf eð Þ þ f eð Þ
Z 1

e
eDf eð Þde

" #
;

and, after a bit of algebra,

q0 eð Þ ¼ 1
D
q eð Þ1�Df eð ÞeD
1� F eð Þð Þ2

Z 1

e

e
e

� �D

f eð Þde� 1� F eð Þð Þ
" #

;

this expression is strictly positive for all ɛ>0 becauseZ 1

e

e
e

� �D

f ðeÞde[ 1� F eð Þð Þ:

Proof of Proposition 2.
In order to prove Proposition 2, we first establish two useful lemmas as follows.

Lemma 1 H(ɛ) as given by (22) is a strictly decreasing function of ɛ.

Proof: Equation (22) can be written as

H eð Þ � 1� F eð Þð Þ 1� a
a 1� hð Þ h eð Þ þ 1
� �

h eð Þ � 1½ � ¼ kR
a 1� hð Þ/ ; ð36Þ

where

0\h eð Þ � e
q

� �D

¼ 1� F eð Þð ÞeDR1
e eDf eð Þde \1; (37)

the reason being that Z 1

e

e
e

� �D

f ðeÞde[ 1� F eð Þ:

We now differentiate the left-hand side of (36):

H0 eð Þ ¼ � f eð Þ
1� F eð ÞH eð Þ

þ 1� F eð Þð Þ 1� a
a 1� hð Þ

1
h eð Þ � 1
� �

� 1� a
a 1� hð Þ h eð Þ þ 1
� �

1

h eð Þ½ �2
" #

h0 eð Þ;

then, after a little algebra, we obtain

H0 eð Þ ¼ � f eð Þ
1� F eð ÞH eð Þ � 1� F eð Þ

h eð Þ
1� a

a 1� hð Þ h eð Þ þ 1
h eð Þ

� �
h0 eð Þ: (38)
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Differentiating (37) yields

h0 eð Þ ¼ eDR1
e eDf eð Þde

� 	2 �f eð Þ þ De�1 1� F eð Þð Þ
 � Z 1

e
eDf eð Þdeþ 1� F eð Þð Þf eð ÞeD

( )

¼ eDR1
e eDf eð Þde �f eð Þ þ De�1 1� F eð Þð Þ þ h eð Þf eð Þ
 �

¼ h eð Þ
e

D� f eð Þe
1� F eð Þ 1� h eð Þð Þ

� �
: ð39Þ

Substituting (39) into (38), we have

H0 eð Þ ¼ � f eð Þ
1� F eð ÞH eð Þ

� 1� F eð Þ
e

1� a
a 1� hð Þ h eð Þ þ 1

h eð Þ
� �

D� f eð Þe
1� F eð Þ 1� h eð Þð Þ

� �

¼� 1� F eð Þ
e

D
1� a

a 1� hð Þ h eð Þ þ 1
h eð Þ

� �

� f eð Þ 1� a
a 1� hð Þ h eð Þ þ 1
� �

1
h eð Þ � 1
� �

þ f eð Þ 1� a
a 1� hð Þ h eð Þ þ 1

h eð Þ
� �

1� h eð Þð Þ

¼ � 1� F eð Þ
e

D
1� a

a 1� hð Þ h eð Þ þ 1
h eð Þ

� �

� f eð Þ 1� a
a 1� hð Þ �

1� a
a 1� hð Þ h eð Þ þ 1

h eð Þ � 1
� �

þ f eð Þ 1� a
a 1� hð Þ h eð Þ � 1� a

a 1� hð Þ h eð Þ½ �2þ 1
h eð Þ � 1

� �

¼� 1� F eð Þ
e

D
1� a

a 1� hð Þ h eð Þ þ 1
h eð Þ

� �

� f eð Þ 1� a
a 1� hð Þ 1� 2h eð Þ þ h eð Þ½ �2

� 	

¼� 1� F eð Þ
e

D
1� a

a 1� hð Þ h eð Þ þ 1
h eð Þ

� �

� f eð Þ 1� a
a 1� hð Þ 1� h eð Þð Þ2;

this expression is negative for all ɛ≥0.

Lemma 2 lime!0 HðeÞ ¼ 1 and lime!1 HðeÞ ¼ 0.
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Proof: We start with

lim
e!0

h eð Þ � lim
e!0

e
q

� �D

¼ lim
e!1

1� F eð Þð ÞeDR1
e eDf eð Þde ¼ 0R1

0 eDf eð Þde ¼ 0;

lim
e!1 h eð Þ � lim

e!1
e
q

� �D

¼ lim
e!1

1� F eð Þð ÞeDR1
e eDf eð Þde :

An application of l’Hôpital’s rule now yields

lim
e!1 h eð Þ ¼ lim

e!1
�f eð ÞeD þ 1� F eð Þð ÞDeD�1

�f eð ÞeD ¼ 1� D lim
e!1

1� F eð Þð Þ
f eð Þe ¼ 1:

Lemmas 1 and 2, together with the theorem of intermediate value, establish the existence of a
unique value for ɛ that solves the free-entry condition (36).

Given a value for ɛ that solves this condition, there is a unique solution to the system consisting
of equations equations (10)–(14), (20), (21), and (23)–(26).

Proof of Proposition 3
Differentiating total factor productivity, as given by (27) and (28), with respect to ɛ we
obtain

@A
@e

1
A
¼ 1� Dð Þ 1� að Þ @q

@e
1
q
þ D 1� að Þ 1

e

� D
1� að Þ 1� ahð Þ

a 1� hð Þ

e
q

� 	D�1

1�a
a 1�hð Þ

e
q

� 	D
þ1

1
q
� e
q2

@q
@e

� �

¼ 1� Dð Þ þ D

1�ahð Þ
a 1�hð Þ

e
q

� 	D
1�a

a 1�hð Þ
e
q

� 	D
þ1

2
64

3
75 1� að Þ 1

q
@q
@e

þ D 1� að Þ 1
e

1�
1�ah
a 1�hð Þ

e
q

� 	D
1�a

a 1�hð Þ
e
q

� 	D
þ1

2
64

3
75

¼ 1� Dð Þ þ D

1�ahð Þ
a 1�hð Þ

e
q

� 	D
1�a

a 1�hð Þ
e
q

� 	D
þ1

2
64

3
75 1� að Þ 1

q
@q
@e

þ D 1� að Þ 1
e

1� a
e
q

� �D
" #

:

This expression is strictly positive for all ɛ≥0 because 0\ðe=qÞD\1 and 0<a<1.

Proof of Proposition 4
The free-entry condition is given by (36). Lemma 1 states that H0ðeÞ\0 for all ɛ>0, and
Lemma 2 states that lime!0 HðeÞ ¼ 1 and lime!1 HðeÞ ¼ 0. The right-hand side of (36) is
strictly increasing in k. Hence it follows that ɛ is a strictly decreasing function of k. Then, by
Proposition 1, the average productivity index is a strictly decreasing function of k. Finally, by
Proposition 3, TFP is a strictly decreasing function of k.
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