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Over time and across states in the United States, the number of firms is
more closely tied to overall employment than to output per worker. In
many models of firm dynamics, trade, and growth with a free entry
condition, these facts imply that the costs of creating a new firm in-
crease sharply with productivity growth. This increase in entry costs
can stem from the rising cost of labor used in entry and weak or neg-
ative knowledge spillovers from prior entry. Our findings suggest that
productivity-enhancing policies will not induce firm entry, thereby
limiting the total impact of such policies on welfare.

I. Introduction

Suppose that new businesses are created with a fixed amount of output.
Then a policy that boosts productivity can generate an endogenous ex-
pansion in the number of firms, with gains in welfare to the extent more
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firms entails more varieties. This multiplier effect through entry is anal-
ogous to the multiplier effect on output from physical capital accumula-
tion in the neoclassical growth model. If instead entry requires a fixed
amount of labor, however, then policies boosting productivity will fail to
generate additional entry because entry costs rise with the price of labor.
Widely used models of firm dynamics, growth, and trade make differ-

ent assumptions about entry costs. Some models assume entry costs are
stable or stationary (e.g., a fixed output cost to invent a new product).1

Other models assume entry costs rise as growth proceeds, say because en-
try requires a fixed amount of labor and labor becomes more expensive
with growth.2 Some studies do not take a stand but emphasize that the en-
try technology matters for the welfare impact of policies.3

Entry costs may also depend on knowledge spillovers from past entry.
In the growth literature, it is common to assume spillovers from previous
innovation to future innovation. This includes the classic models of
Romer (1990) and Aghion and Howitt (1992) as well as many successors.
Jones (1995) and Bloom et al. (2020) argue that such spillovers are lim-
ited or even negative.
Existing evidence is limited onhow entry costs changewith growth. The

overall distribution of employment across firms and plants provides some
indirect evidence. Laincz and Peretto (2006) report no trend in US aver-
age firm employment. Luttmer (2007, 2010) shows that entry costs pro-
portional to average productivity are consistent with a stationary firm size
distribution in various growthmodels.While our paper studies the secular
trend in entry costs, Karahan, Pugsley, and Şahin (2023) use the free entry
condition to infer whether entry costs are cyclical, and Gutiérrez and
Philippon (2019) focus on the cross-industry relationship between the en-
try rate and Tobin’s Q. Bento and Restuccia (2024) incorporate data on

1 See Hopenhayn (1992), Hopenhayn and Rogerson (1993), Foster, Haltiwanger, and
Syverson (2008), Clementi and Palazzo (2016), Gutiérrez, Jones, and Philippon (2021),
David (2021), Boar and Midrigan (2022, 2024), and Karahan, Pugsley, and Şahin (2024).

2 Examples include Lucas (1978), Grossman and Helpman (1991), Melitz (2003), Klette
and Kortum (2004), Luttmer (2007), Bilbiie, Ghironi, and Melitz (2012), Acemoglu et al.
(2018), Atkeson and Burstein (2019), Peters and Walsh (2021), Sterk, Sedlek, and Pugsley
(2021), Hopenhayn, Neira, and Singhania (2022), and Baqaee, Farhi, and Sangani (2024).

3 For example, Rivera-Batiz and Romer (1991), Atkeson and Burstein (2010), Bhatta-
charya, Guner, and Ventura (2013), a survey by Costinot and Rodríguez-Clare (2014), and
Baqaee and Farhi (2021).
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nonemployer establishments, and show that this affects inference about
trends in average employment per firm.
In this paper, we provide evidence on how the average employment per

firm varies with the level of overall labor productivity. We look over time
and across states in the Business Dynamics Statistics (BDS)maintained by
the US Census Bureau, in particular from 1978 through 2020. We com-
bine this Census Bureau data with US Bureau of Economic Analysis
(BEA) data on aggregate and state labor productivity. We argue that these
simple empirical elasticities discipline the nature of entry costs in widely
used models.
We find that average employment per firm is stable or increases with

the level of labor productivity, both over time and across states. These pat-
terns imply that revenue per firm increases sharply with growth. Firms ev-
idently need more revenue to satisfy the free entry condition in places
and times with higher market-wide labor productivity. If higher revenue
is associated with higher operating profits, then entry costs must be big-
ger in order for the zero-profit condition to hold. We consider other pos-
sible explanations, however, such as trends in firm markups, exit rates,
postentry growth rates, discount rates, selection, and industry composi-
tion. We will argue that these competing forces are too weak to explain
why average employment per firm does not decline significantly relative
to the extent of labor productivity growth.
We illustrate the implications of our empirical findings using two delib-

erately simple and stylized models. One model features long-run growth
at the country level. The second model contains growing US states with
mobility of workers and firms. In these models, entry costs can rise with
growth simply because entry is labor intensive and labor becomes more
expensive when productivity grows. Entry costs could also rise with growth
because it ismore costly for entrants to set upmore technologically sophis-
ticated operations as the economy advances (say because of limited or
negative knowledge spillovers).4Weuse our empirical findings to estimate
parameters governing the labor intensity of entry costs and the relation-
ship between entry costs and the level of technology. We find that fitting
our facts requires that entry be labor intensive and/or that knowledge
spillovers be weak, thereby explaining why entry costs rise with growth.
We draw the following three conclusions formodeling and policy. First,

if the choice is between fixed entry costs in terms of labor or output, our
evidence favors denominating entry costs in terms of labor. Second, our

4 Our evidence is relevant for total entry costs, which are the sum of technological and
regulatory entry costs. In the Doing Business surveys, regulatory costs of entry (relative to
GDP per capita) fall with development, as shown by Djankov et al. (2002). Thus rising tech-
nological entry costs with development may be needed to explain why employment per
firm is higher in richer countries, as documented by Bento and Restuccia (2017).
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evidence is consistent with at best weak knowledge spillovers for innova-
tion embodied in entry. Third, productivity-enhancing policies have
muted effects on entry, and hence are not amplified through endoge-
nous entry.
The rest of the paper proceeds as follows. Section II provides two mod-

els to illustrate why we care about the nature of entry costs and tomotivate
our empirical design. Section III presents evidence on how the number
of businesses varies with growth over time and across states in the United
States and draws potential implications for entry costs. Section IV esti-
mates entry technology parameters and discusses the welfare implica-
tions. Section V gauges the robustness of our empirical findings, and sec-
tion VI concludes.

II. Simple Motivating Models

We first present a stylized love-of-variety model of a one-region economy
to illustrate how the elasticity of entry costs with respect to growthmatters
for welfare. Then we extend the model to multiple regions à la Redding
and Rossi-Hansberg (2017) and Redding (2022) to guide our cross-state
empirical analysis. As both models are standard, we relegate the details
on them to appendix A (appendixes A–D are available online). These
models assume that the number of varieties is proportional to the num-
ber of firms. This is assumed in many other models, such as Peters and
Walsh (2021). In appendix B we lay out a model with endogenous varie-
ties per firm in which we recover the same estimating equation that we
derive below.5

A. One-Region Model

We first consider a static, closed economy version of the Melitz (2003)
model. The economy has a representative household endowed with L
units of labor. Consumption per capita, which is proportional to the real
wage w, is a measure of welfare in the economy. Consumption goods are
produced by a perfectly competitive sector that uses intermediate goods
as inputs and a CES production technology with elasticity of substitution
j. Profit maximization yields a downward-sloping demand curve for each
intermediate good.
The intermediate goods sector is monopolistically competitive. With-

out loss of generality, we assume that all firms in this sector have the same

5 We show in app. B that entry costs matter for welfare in other models, such as a version
of the static Lucas span-of-control model, a static love-of-variety model with congestion in
contemporaneous entry, and an endogenous growth model with expanding varieties per
firm (rather than a single product per firm as in our baseline model).
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production function, which is linear in labor inputs with technology
level A.6 Each intermediate goods firm takes demand for its product as
given and chooses its output or price to maximize its profit. This yields
the familiar relationship between the wage bill, revenue, and profit in
each firm,

wl 5
j 2 1

j
py 5 (j 2 1)p: (1)

Let Ly be the total amount of labor devoted to producing intermediate
goods and N be the total number of intermediate goods produced. By
symmetry of the intermediate goods production function, aggregate out-
put is given by

Y 5 ALyN 1= j21ð Þ: (2)

One unit of an entry good is required to create a variety, which is the
equivalent to setting up an intermediate goods firm. We generalize the
production technology of the entry good in Melitz (2003) to allow final
goods to be an input into creating a new variety. In particular, we follow
Atkeson and Burstein (2010, 2019) in assuming that the entry technol-
ogy has the Cobb-Douglas form

N 5 Ae(Y e)12l(Le)l, (3)

where Le and Ye are the amount of labor and final output, respectively,
used in creating varieties.
This specification of the entry technology nests various assumptions in

the literature. For example, entry costs are as in (3) but with l 5 1 and
Ae

s 5 1 in Lucas (1978), Romer (1990), Melitz (2003), Luttmer (2007),
and Hopenhayn, Neira, and Singhania (2022). When l 5 0 and Ae

s 5 1,
entry costs are as inHopenhayn andRogerson (1993), Foster,Haltiwanger,
and Syverson (2008), David (2021), and Karahan, Pugsley, and Şahin
(2024). Finally, entry costs may rise with labor productivity if, as in Berry
and Waldfogel (2010), Cole, Greenwood, and Sanchez (2016), and Bento
and Restuccia (2017), better production technologies carry higher setup
costs (lower Ae).
Perfect competition in the constant returns to scale sector producing

entry goods implies that the equilibrium cost and price of creating a va-
riety in terms of consumption goods satisfy

pe ∝
wl

Ae (4)

6 We could allow postentry heterogeneity in firm technology and define A ≔
(EAj21

f )1=(j21), where Af is firm-level productivity.
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and the labor share of revenue in entry goods production is

wLe

peN
5 l: (5)

Free entry into producing intermediate goods firms (and varieties), with
positive entry in equilibrium, implies that profit per variety equals the
entry cost,

p 5 pe : (6)

Equations (3) and (6) are static because we have assumed for simplicity
that firms are short lived. We consider postentry dynamics in section V.A.
Thus the one-shot equilibrium, given the triple {L, A, Ae}, consists of

prices {w, pe} and allocations {C, N, Y, Le, Ly} such that (1) to (6) hold,
and the following labor and goodsmarket clearing conditions are satisfied:

L 5 Ly 1 Le , Y 5 C 1 Y e :

We now consider how the welfare impact of a change in intermediate
goods productivity A depends on the entry technology. In equilibrium,
welfare (equivalently, the real wage) increases with A and the number
of varieties,

w 5
j 2 1

j
AN 1= j21ð Þ,

and the change in welfare from a change in A is

∂ ln w

∂ ln A
5 1 1

1

j 2 1

∂ lnN

∂ ln A
:

An increase in A not only raises welfare directly (the first term, or 1), but
also has the potential to improve welfare indirectly through variety ex-
pansion (the second term).
One can show that equilibrium variety satisfies

N ∝
wL

pe

such that the number of varieties depends on the value of labor relative
to the entry cost. Combining this with equation (4) relating the real wage
to pe, we get

∂ lnN

∂ ln A
5 (1 2 l)

∂ ln w

∂ ln A
:

That is, the elasticity of variety with respect to A is larger when the share of
output used in producing varieties (1 2 l) is bigger. HigherAmeansmore
output, and some of this output is devoted to producing more varieties if
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the final good is used in entry (l < 1). Incorporating this channel, the total
impact of A on welfare is

∂ ln w

∂ ln A
5 1 1

1 2 l

j 2 12(1 2 l)

with the second term capturing the effect of variety expansion. A higher
output share (1 2 l) means more amplification.
The amplification of an increase in productivity depends negatively on

the elasticity of substitution j, because varieties are more valuable when
substitutability is low. To illustrate the potential importance of variety ex-
pansion, consider the Broda and Weinstein (2006) estimates of j ≈ 4 at
the 3-digit to 4-digit product level. For j 5 4, the increase in the total im-
pact relative to the direct impact ranges from 50% when l 5 0 to 0%
when l 5 1. Thus, for a plausible value of j, the nature of entry costs mat-
ters immensely for the welfare impact of changes in A from technology
or allocative efficiency.
The entry technology also influences the welfare impact of policies

that affect the level of the population. As in Melitz (2003), increasing the
population is like going from autarky to frictionless trade between two
symmetric countries. In this case, the overall welfare effect is

∂ ln w

∂ ln L
5

1

j 2 1
1 1

1 2 l

j 2 12 (1 2 l)

� �
:

Just as with an increase in A, for an increase in L the amplification
through variety expansion is 50% when l 5 0 and 0% when l 5 1.
Entry and amplification of productivity growth.—The above static model

describes an economy in which entry technology can amplify the impact
of changes in technology A and population L on the level of output per
worker. Entry technology can potentially also amplify the impact of
changes in the growth rates of technology and population on the growth
rate of output per worker. A simple way to introduce endogenous growth
of At is to let each firm j choose its productivity At( j) in a way that builds
on aggregate productivity in the previous period At21. For simplicity, we
assume the firms are short lived and make decisions in only one period.
Suppose the entry efficiency Ae in a period is given by

Ae
t (At( j)) 5 N f

t21 exp 2m
At( j)

At21

� �
exp etð Þ,

where N f
t21 captures spillover from the past stock of firms. A positive f

means there is positive spillover from the past entry to the efficiency
of creating new firms. The second term reflects how the efficiency of en-
try may depend on the technology the firm chooses. A positive m implies
that entry costs rise with the productivity chosen by the entering firm.
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The last term et captures other factors affecting the efficiency of entry
goods production. The first and third terms are common to all firms and
are taken as given by each firm.
In each period, firms observe the entry efficiency shock et and then de-

cide At( j). As before, entry costs in equilibrium are given by

pe
t (At( j)) ∝

wt=Ptð Þl
Ae

t (At( j))
:

Profit maximization by intermediate goods producers and free entry im-
ply that the choice of At(j) by firm j satisfies7

∂ ln pt( j)

∂ ln At( j)
5

∂ ln pe
t (At( j))

∂ ln At( j)
:

Since variable profits pt( j) are proportional to At( j)
j21, the firm’s opti-

mal choice of At( j) satisfies

j 2 1 5 m
At( j)

At21

,

and all firms choose the same growth relative to At21. The growth of ag-
gregate productivity is then

g A
t ≔ ln

At

At21

5 ln
j 2 1

m
:

The growth rate increases with the elasticity of substitution j and de-
clines with the elasticity m of entry costs with respect to growth in A. Fol-
lowing from this, entry efficiency in equilibrium is the same for all firms,

ln Ae
t 5 f lnNt21 2 (j 2 1) 1 et :

Consider the steady state with a constant et and population growing at
a constant rate of gL ≔ ln(Lt=Lt21). The free entry condition implies that
the number of firms grows at a constant rate

7 Firms choose At( j) to maximize profit postentry costs. Hence At( j) satisfies the first-
order condition

∂pt(At( j))

∂At( j)
5

∂pe
t (At( j))

∂At( j)
:

At the equilibrium, we also have pt(At( j)) 5 pe
t (At( j)) and hence

∂ ln pt(At( j))

∂ ln At( j)
5

∂pt(At( j))

∂At( j)

At( j)

pt(At( j))
5

∂pe
t (At( j))

∂At( j)

At( j)

pe
t (At( j))

5
∂ ln pe

t (At( j))

∂ ln At( j)
:
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gN ≔ ln
Nt

Nt21

5
g L 1 (1 2 l)g w=p

1 2 f
, (7)

where the real wage grows at rate

g w=p ≔ ln
wt=Pt

wt21=Pt21

5
(j 2 1)g A 1 g L= 1 2 fð Þ
j 2 1 2 1 2 lð Þ= 1 2 fð Þ : (8)

The trend growth rate of the real wage is driven by the endogenous pro-
ductivity growth g A and by the growth in the national population g L. The
wage effects of these driving forces are amplified through entry when l is
less than 1. In addition, the wage effects can be amplified when there are
positive spillovers from the past variety stock to the efficiency of creating
new varieties (f > 0), or dampened when there are negative spillovers
(f < 0). The intuition is similar to the multiplier effect that we detailed
previously for the l channel.

B. Spatial Model

Next we extend the simple one-region model to multiple regions.8 This
allows us to speak to evidence on changes in firm size not just at the na-
tional level but also at the state level. We view the cross-state evidence as
more credible given that we can control for national trends in markups,
firm age composition, and so forth.

1. Environment

The economy consists of s 5 1, 2, ... , S states and an exogenous mass of
identical workers L. Each worker chooses one state to live in and to sup-
ply one unit of labor to the firms in that state. Ex ante identical firms
choose one state in which to produce. The mass of workers living in each
state Ls and the mass of firms in each state Ns are therefore endogenous.
States differ in their endowment of housing Hs, intermediate goods pro-
ductivity As, and entry efficiency Ae

s . Intermediate goods sent from state s0

to state s incur an iceberg trade cost denoted by ds,s0 > 1 if s ≠ s0 and
dss 5 1. We assume that the trade cost is symmetric (ds,s0 5 ds0,s).
The government owns the housing in each state. It sets rent rs for each

unit of housing so that all available housing is used. Rents are then redis-
tributed to each worker residing in the state as lump sum payment ts.
The workers in state s own the firms in state s and receive equal shares
of firm profits net of entry costs (ps 2 pe

s )Ns=Ls.

8 The simple one-region model is a special case of the multiple-region model in which
all regions are symmetric and households only derive utility from consumption.
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2. Final Goods Production

In each state s, final goods are produced using the CES technology

Ys 5 o
s051

S
ðNs0

0

ys,s0( j)
j21ð Þ=jdj

� �j= j21ð Þ
,

where ys,s0( j) is the quantity of intermediate input variety j produced by
firm j in state s0 and sold to state s.
Let ps,s0( j) denote the price of this good in state s. Profit maximization

by perfectly competitive final goods producers implies that the price of
the final good in state s is

Ps 5 o
s051

S
ðNs0

0

ps,s0( j)
12j dj

� �1= 12jð Þ

and demand for each variety in state s is given by

ys,s0( j)

Ys

5
ps,s0( j)

Ps

� �2j

:

3. Worker’s Problem

The utility of a worker in state s is a Cobb-Douglas combination of con-
sumption of the final good and housing:

Us 5
cs
a

� �a hs

1 2 a

� �12a

, a ∈ (0, 1):

The worker maximizes Us by choosing cs and hs subject to the budget
constraint

Pscs 1 rshs ≤ ws 1 ps 2 pe
sð ÞNs=Ls 1 ts ≕ vs:

The consumer spends a share of their income vs on consumption and the
rest on housing:

Pscs 5 avs, rshs 5 (1 2 a)vs:

Workers choose to live and work in the state that gives them the highest
utility.

4. Entry Technology

To produce in state s, a firm buys an entry good that is produced using
local labor l es and the state’s final consumption good yes according to the
Cobb-Douglas technology
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Ns 5 Ae
s

l es
l

� �l yes
1 2 l

� �12l

, l ∈ (0, 1):

This is the same entry technology as the static one-region model except
that the entry efficiency Ae can vary by state.
As before, we assume that the market for entry goods is perfectly com-

petitive, so the equilibrium price of the entry good pe
s=Ps increases with

factor prices and declines with entry efficiency Ae
s :

pe
s

Ps

∝
ws

Ps

� �l 1

Ae
s

: (9)

5. Intermediate Goods Firm’s Problem

Intermediate goods producers in state s are ex ante identical and have
the same productivity As after entry into state s. As a result, producers
in each state make the same decision and we drop the firm j index. A
firm in state s can produce y units of its variety using y/As units of labor.
Since delivering a unit of the good from state s0 to state s requires ds,s 0

units of the good, the labor input needed by a firm in state s0 to deliver
y units of goods to state s is given by

ls,s0 5 y
ds,s0

As0
:

Given this technology and the demand function in each state s, a firm
in state s0 chooses prices ps,s0 for each destination state s to maximize
postentry profits,

o
S

s51

ps,s0 2 ws0
ds,s0

As0

� �
ps,s0

Ps

� �2j

Ys:

The optimal price is a fixed markup over the marginal cost, where the
firm charges a higher price for destinations with larger trade costs:

ps,s0 5
j

j 2 1

ds,s0  ws0

As0
:

The profit for selling to state s is thus

ps,s0 5
ps,s0  ys,s0

j
,

and a firm enters in state s0 if and only if its total profits across all desti-
nations cover the entry cost:
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ps0 ≔ o
S

s51

ps,s0 ≥ pe
s0 :

6. Closing the Model

Given L and {As, Ae
s , Hs, ds,s0} an equilibrium consists of prices {ws, rs, Ps, pe

s }
in each location s and ps,s0 for each trading pair (s, s0), and allocations {cs,
hs, Ls, Le

s , L
y
s , Cs, Ys, Y e

s , Ns, ts, ys,s0, ls,s0} such that for each state s

1. {cs, hs} solve the worker’s problem given prices and transfers;
2. {ls,s0, ys,s0, ps,s0} solve the intermediate goods firm’s problem;
3. {Le

s , Y e
s } solve the entry goods producer’s problem;

4. the zero-profit condition for intermediate goods producers holds:

Ns(ps 2 pe
s ) 5 0, ps 2 pe

s ≥ 0, Ns ≥ 0;

5. land markets clear: Hs 5 Lshs;
6. labor markets clear: Ls 5 Le

s 1 L
y
s and L 5 osLs;

7. final goods markets clear: Ys 5 Cs 1 Y e
s , where Cs 5 Lscs;

8. government budgets are balanced: rsHs 5 tsLs;
9. workers are indifferent between locations.

Since the model is standard, we refer readers to appendix A for the so-
lution of the model. Next, we turn to how entry technology parameters
modulate the welfare effects of changes in productivity.

7. Entry and Shocks to the Level of Productivity

Welfare depends on consumption and housing. Consumption is equal to
the real wage in the equilibrium cs 5 ws=Ps because of the household’s
budget constraint, the zero-profit condition for intermediate goods firms,
and the balanced government budget condition. The real wage in turn is
equal to

ln
ws

Ps

5 constant 1
ln Ae

s 1 ln L1(j 2 1) ln As 1 ln Ls=Lð Þ1 (j 2 1) ln(ns,s) 2 j ln(bs,s)

j 2 12 (1 2 l)
,

(10)

where bs, s is the expenditure share in state s on local goods and ns, s is the
share of production labor used to produce domestically consumed
goods.
For illustration, consider symmetric states with the same initial values

of {As, Ae
s , Hs, ds,s0}. And consider a common change in As to clarify the

model’s properties. In this case, Ls=L, ns, s and bs, s do not change. As
in the one-region model, the elasticity of the real wage in every state to
the As shock is

(10)
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∂ ln ws=Ps

∂ ln As

5 1 1
1 2 l

j 2 12 (1 2 l)
,

while the elasticity with respect to L and a common Ae
s shock is

∂ ln ws=Ps

∂ ln Ae
s

5
∂ ln ws=Ps

∂ ln L
5

1

j 2 1
1 1

1 2 l

j 2 12 (1 2 l)

� �
:

Since Hs=Ls does not change in response to shocks to the common val-
ues for As and Ae

s , the elasticity of consumption-equivalent welfare is the
same as the elasticity of the real wage with respect to an As or an Ae

s shock.
Consumption per capita increases when total population increases.
However, housing per capita also declines. Hence the consumption-
equivalent welfare impact of a shock to total population L is

1

j 2 12 (1 2 l)
2

1 2 a

a
:

To recap, a smaller labor share in entry (lower l) amplifies the positive
effects on welfare from higher productivity, entry efficiency, or population.

8. Entry and Amplification of Productivity Growth

As in the one-region endogenous growth model in section II.A, we can
extend the entry technology to

Ae
st(As,t( j)) 5 N f

s,t21 exp 2m
As,t( j)

As,t21

� �
exp estð Þ,

so that entry costs for a firm in state s depend on the technology chosen
by the firm relative to the lagged aggregate productivity in state s.
As before, the firm’s optimal choice of Ast( j) is given by

j 2 1 5 m
Ast( j)

As,t21

,

and all regions have the same growth in A:

g A
t ≔ ln

Ast

As,t21

5 ln
j 2 1

m
:

At the steady state equilibrium where est, amenities Hs, and trade costs
ds,s0 are constant and the national population grows at rate g L, the num-
ber of firms in each state grows at rate

gN
st 5

g L
t 1 (1 2 l)g w=p

t

1 2 f
, (11)

which in turn implies that the real wage grows in all states at rate
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g
w=p
st 5

(j 2 1)g A
t 1 g L

t = 1 2 fð Þ
j 2 1 2 1 2 lð Þ= 1 2 fð Þ : (12)

Again, like in the one-region model, the effects of g A and g L on the
growth rate of the real wage are amplified through entry when l is less
than 1 or when there is positive spillover (f > 0).

III. Evidence on Entry Costs and Growth

Motivated by the previous section, we next consider what values of l and
f are consistent with data on the number and productivity of US firms.
The free entry condition is a zero-profit condition that equalizes average
firm profits with the entry cost. Hence we can look at the relationship be-
tween firm profits and labor productivity over time and across states to
infer how entry costs correlate with labor productivity. Another way is
to look at the relationship between average employment per firm and la-
bor productivity if the ratio of average payroll to average profit does not
vary systematically with labor productivity. In this section, we examine the
relationship between average employment and labor productivity be-
cause firm employment data are available for all industries. In section V,
we show that our findings are robust to trends in the ratio of average pay-
roll to average profit. We also directly examine the relationship between
firm profits and labor productivity in manufacturing using restricted data
from the Census of Manufacturing.

A. Strategy for Estimating How Entry Costs Vary
with Growth

From the free entry condition and the solution to the firm’s problem, we
can derive the following equilibrium relationship between the average
payroll of intermediate goods producer and the entry cost in each state:
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The first equality comes from production worker payroll per firm being
proportional to firm profits, while the second equality comes from the
free entry condition. The last equality derives from the entry technology
that links entry costs with the real wage and entry efficiency.
Rearranging (13), we can look at how employment per firm varies with

the real wage to infer how entry costs vary with the real wage:
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If entry uses only labor (l 5 1) and entry efficiency is constant, entry
costs increase one for one with the real wage. Through the free entry con-
dition, this implies that firm profits and hence firm payroll likewise in-
crease one for one with the real wage. Since payroll is employment mul-
tiplied by the real wage, this further implies that employment per firm is
invariant to changes in the real wage. In contrast, if entry uses only goods
(l 5 0), then entry costs and payroll per firm are constant, which implies
that employment per firm declines proportionately with the real wage.
As we will discuss later in this section, we have data on all workers (pro-

duction and entry labor combined) and on gross state product (GSP).
The model predicts a similar relationship between these data variables
to what it predicts for production workers and real wages in (14). If j
and l are the same across states, then production workers per firm are
proportional to total employment per firm:
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We measure the real wage using local labor productivity GSP/Ls since
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Substituting the expressions for Ls and GSPs=Ls into (14) yields the fol-
lowing equations involving observed variable and parameters:

ln
Lst

Nst

5 constant 1 (l 2 1) ln
GSPst

Lst

2 f lnNs,t21 2 est : (15)

Consistent with our growth model at the steady state, we can also look
at the relationship between changes in employment per firm and changes
in GSP per worker:

Δ ln
Lst

Nst

5 (l 2 1)Δ ln
GSPst

Lst

2 fΔ lnNs,t21 2 Δest : (16)

This equation holds even if the elasticity of substitution j and hence the
ratio of payroll to revenue vary across states.
We will run OLS regressions corresponding to (15) and (16) to show

that employment per firm is stable relative to variations inGSP per worker
and the laggednumber of firms. From the perspective of ourmodel, these
patterns imply that entry costs rise with labor productivity both across
states and over time within states.
Although these regressions address the key question of whether entry

costs rise with growth, the OLS regression coefficients do not correctly
identify the parameters l and f that determine exactly why entry costs rise
with growth. This is because the regressors (GSPs and Ns) are endogenous
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to the residuals (entry efficiency es) in this regression, according to our
model. In section IV, we will use GMM to estimate the values of l and f

in a model-consistent fashion.

B. Empirical Patterns

We use Business Dynamics Statistics (BDS) from the US Census Bureau
on employment Lst and the number of firms or establishments Nst in each
state. The models we described above feature a one-shot equilibrium
that does not distinguish between new firms and incumbent firms. In
the data, however, we apply our inference strategy to new firms separately
from all firms. We use real gross value added from the Bureau of Eco-
nomic Analysis (BEA) to calculate GDPt and GSPst. We describe the data
in more detail in appendix C.

1. National Time-Series Evidence

Figure 1 displays the result of regressing log number of firms on log em-
ployment and log employment per firm on log GDP per worker, respec-
tively, over time. The data are yearly from 1978 to 2020. Both bilateral re-
lationships are strongly positive both economically and statistically. If we
regress log firms on both log employment and log GDP per worker at the
same time, the coefficient on log employment increases, whereas the co-
efficient on log GDP per worker becomes small and insignificant. If we

FIG. 1.—US national time series, 1978–2020. The number of firms and employment are
from the US Census Bureau’s Business Dynamic Statistics. Real GDP is from the US Bureau
of Economic Analysis. In A, the slope coefficient is 0.63 (standard error 0.02) and the
R2 5 0:98. In B, the slope is 0.42 (0.03) and the R 2 is 0.85.
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add a linear time trend to this multivariate regression, the coefficient on
employment increases further and that on GDP per worker becomes
modestly positive and significant. These results are consistent with entry
costs being more labor intensive than goods intensive.
We now runOLS regressions based on (15) that are designed to explic-

itly get at how entry costs vary with growth. We add lagged firms to the re-
gression in the spirit of the intertemporal knowledge spillovers (param-
eterized by f) in our model.9 Table 1 displays the result of regressing
log employment per firm in theUnited States on log real GDP per worker
and the lag of the log number of firms at the national level.10 Using non-
overlapping 5-year averages generates similar results.
The column 1 of table 1 displays the results when imposingf 5 0, which

is consistent with the one-region love-of-variety model. Column 2 also esti-
matesf, which is consistent with the one-region endogenous growthmodel
in section II.A. The regression using all firms and imposing f 5 0 yields
lOLS 5 1:415 (standard error 0.027), which implies an amplification of neg-
ative 12.1% (standard error 0.7%). Column 2 shows lOLS 5 1:236 (stan-
dard error 0.073) and fOLS 5 20:246 (standard error 0.095), which im-
plies that there was negative spillover from past entry. The amplification
factor in this case remainsmildly negative at25.9% (standard error 2.1%).
These regressions using data on all firms do not control for the aging of

firms as documented by Hopenhayn, Neira, and Singhania (2022) and
Karahan, Pugsley, and Şahin (2024). Since older firms tend to be larger,
the average employment of firms may have risen due to aging rather than
entry costs. Columns 3 and 4 of table 1 run the same regression but using av-
erage employment of new firms as regressors, while keeping the explanatory
variables the same.11 We find that average employment of new firms and
plants is stable relative to the rise inoutputper worker andrise in thenumber
of firms. In column 3 where f is restricted to be zero, we have lOLS 5 0:907
(standard error 0.055) and amplification 5 3:2% (standard error 1.9%).
In column 4, lOLS 5 0:634 (standard error 0.146), fOLS 5 20:356 (stan-
dard error 0.191), and amplification 5 9:9% (standard error 3.0%).
In sum, all the regressions using national data show that over the past

four decades in the United States, average employment per firm has been
increasing and average employment per new firm has been stable while
labor productivity grew. The free entry condition in our baseline model
interprets this pattern as a rise in entry costs with labor productivity so
that amplification is modest. As mentioned, however, these OLS estimates

9 The regression starts in 1979, the second year of data, when we add lagged number of
firms.

10 Table A2 (tables A1–A6 are available online) displays the results using establishments
instead of firms.

11 Using new firms, as opposed to all firms, controls for changes in the discount factor,
postentry growth rate, and exit rate. We clarify this in sec. V.A.
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are not model consistent in that the residual reflects trends in entry costs
that should affect the regressors. We carry out model-consistent GMM re-
gressions in the next section.

2. State Panel Evidence

Figure 2 displays the result of regressing log number of firms on log em-
ployment and log employment per firm on log GSP per worker, respec-
tively, across US states in 2020, the latest year of the BDS data. The num-
ber of firms in a state is strongly and positively related to the number of
workers in the state, but employment per firm is not related to GSP per
worker in the state. If we regress log firms on both log employment and
log GDP per worker, the coefficient on log employment is unaffected,
whereas the coefficient on log GDP per worker remains small and insig-
nificant. These patterns hold for other years as well. They are consistent
with entry costs being denominated in terms of labor rather than goods.
Our spatial model has predictions for the cross-state relationship be-

tween changes in state-level average firm size and the growth in real state
output per worker—regression equation (16).12 Table 2 displays the OLS
regression results when we regress the change in log employment per
firm on the change in log real GSP per worker and the change in log
lagged number of firms using 1-year changes and cumulative 41-year
changes, respectively. We use first differences to control for state fixed

TABLE 1
Employment per Firm on GDP per Worker and Lagged Number of Firms

National Sample, 1978–2020

All Firms New Firms

(1) (2) (3) (4)

lOLS 1.415 1.236 .907 .634
(.027) (.073) (.055) (.146)

fOLS 2.246 2.356
(.095) (.191)

R 2 .847 .864 .066 .170
Observations 43 42 43 42
Amplification (%) 212.1 25.9 3.2 9.9

(.7) (2.1) (1.9) (3.0)

Note.—Employment and firms are from the Business Dynamics Statistics of the US Cen-
sus Bureau. Real output is from the US Bureau of Economic Analysis. Here lOLS is equal to
1 plus the regression coefficient on log output per worker, and fOLS is equal to21 times the
coefficient on log lagged number of firms. Amplification refers to the indirect effect of
increases in productivity A through increased entry (variety), and is equal to ½(1 2 l)=
(1 2 f)�=½j 2 12 (1 2 l)=(1 2 f)�. We evaluate it at j 5 4.

12 We run the growth regression with a constant to account for common trends in em-
ployment per firm due to factors such as aging.
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effects coming from state variation in price-cost markups, the entry cost
shifter, and so forth.13 We find that average employment per firm does
not vary strongly with output per worker, which implies lOLS in the range
of 0.69 to 0.95, depending on the horizon we use and whether we con-
trol for lagged number of firms. For the 41-year horizon, which perhaps
corresponds the best to our long-run framework, the implied lOLS is 0.94
(standard error 0.10) when we control for the lagged number of firms.
We do not find strong relationship between average employment per
firm and lagged firms for state changes.14

Table 3 displays the results when we use average new firm employment,
instead of average employment for all firms, as the dependent variable.
The OLS estimates of l are large and significant, while those for f are
larger than when using all firms. Amplification continues to be modest.15

IV. Inference on l and f

The previous section shows that average employment per firm is flat or ris-
ing in response to output per worker. Through the lens of the free entry

FIG. 2.—Across US states, 2020. The number of firms and employment in each state are
from the US Census Bureau’s Business Dynamic Statistics. Real GSP is from the US Bureau
of Economic Analysis. In A, the slope coefficient is 0.90 (standard error 0.02) and the
R 2 5 0:97. In B, the slope is 20.14 (0.16) and the R 2 is 0.01.

13 We also find lOLS close to 1 and fOLS close to 0 when we run the level regression equa-
tion (15) with state fixed effects, with state and year fixed effects, and with state and industry-
year fixed effects, respectively.

14 Table A3 shows similar results when we run the regression using establishments in-
stead of firms.

15 See table A4 for results using new plants.
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condition, this pattern is consistent with entry costs rising with growth.
This section considers what values of l and f could explain why entry costs
rise with growth.
As mentioned, our OLS estimates lOLS and fOLS based on (15) or (16)

may be biased because the labor productivity regressor is endogenous to

TABLE 3
New Firm Size on GSP per Worker and Lagged Number of Firms

Changes over Time, US States, 1978–2020

Horizon

41 Years 1 Year

(1) (2) (3) (4)

lOLS 1.174 1.125 1.154 1.145
(.091) (.107) (.105) (.11)

fOLS .282 .028
(.067) (.161)

R2 .036 .302 .001 .001
Observations 100 50 2,100 2,050
Amplification (%) 25.5 25.5 24.9 24.7

(2.7) (4.4) (3.2) (3.4)

Note.—Employment and firms are from the Business Dynamics Statistics of the US Cen-
sus Bureau. Real output is from the US Bureau of Economic Analysis. Here lOLS is equal to
1 plus the regression coefficient on log output per worker, and fOLS is equal to21 times the
coefficient on log lagged number of firms. Amplification refers to the indirect effect of
increases in productivity A through increased entry (variety), and is equal to ½(1 2 l)=
(1 2 f)�=½j 2 12 (1 2 l)=(1 2 f)�. We evaluate it at j 5 4.

TABLE 2
Average Firm Size on GSP per Worker and Lagged Number of Firms

Changes over Time, US States, 1978–2020

Horizon

41 Years 1 Year

(1) (2) (3) (4)

lOLS .954 .938 .694 .712
(.07) (.099) (.014) (.014)

fOLS .085 2.047
(.062) (.021)

R 2 .004 .043 .194 .175
Observations 100 50 2,100 2,050
Amplification (%) 1.6 2.3 11.4 10.1

(2.4) (3.8) (.6) (.6)

Note.—Employment and firms are from the Business Dynamics Statistics of the US Cen-
sus Bureau. Real output is from the US Bureau of Economic Analysis. Here lOLS is equal to
1 plus the regression coefficient on log output per worker, and fOLS is equal to21 times the
coefficient on log lagged number of firms. Amplification refers to the indirect effect of
increases in productivity A through increased entry (variety), and is equal to ½(1 2 l)=
(1 2 f)�=½j 2 12 (1 2 l)=(1 2 f)�. We evaluate it at j 5 4.
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the residual e, which represents demeaned entry efficiency. Higher entry
efficiency e should induce more entry and thereby raise labor productiv-
ity through the love of variety. If entry efficiency e is independent of the
population and amenities Hs, however, then we can use these orthogo-
nality conditions to consistently estimate l and f.16 See appendix A for
details.
The first row of table 4 displays our GMM estimates of l based on

national time series, restricting f 5 0. For this case, we only need the
single-moment condition that Ae is orthogonal to the national popula-
tion. As the model does not allow l > 1, we infer the corner value
l 5 1 (labor-intensive entry). To estimate the parameters of the spatial
model using cross-state data, we assume that entry efficiency Ae

s is orthog-
onal to the 20-year lagged birth rate used in Karahan, Pugsley, and Şahin
(2024). Although this assumption means that their instrument is valid,
it is not obvious why it should be relevant in our model. We therefore
assume further that lagged population is correlated with amenities Hs

across states. This might be a stand-in for forces outside the model, such
as people preferring to live where they were born. But it could also be that
amenities persist over time and attract population in the past and pre-
sent. Results with lagged birth rate as an instrument are presented in
the second and third rows of table 4. We continue to find lGMM 5 1.

16 If there is serial correlation in entry efficiency, then lagged firms could be correlated
with the residual. For the time series estimation, we can instrument lagged firms with na-
tional population. When we do this the results are similar.

TABLE 4

ESTIMATED VALUES OF l AND f

l f

Model Assumption OLS GMM OLS GMM

(1) National et ? ln Popt 1.415 1
(.027)

(2) Spatial est ? lagged birth ratest .954 1
(.070)

(3) Spatial est ? lagged birth ratest, est ? ln Hst .938 1 .085 2.141
(.099) (.062) (.006)

Note.—The term ln Popt is civilian non-institutionalized population from the Census
Bureau and 20-year lagged birth rate is the number of births per 1,000 from the National
Center for Health Statistics. The term lnHs is calculated from ln Ls 2 ½a=(1 2 a)� ln(Ys=Ls)
with a 5 0:84, where Ys is state real output per worker from the BEA, and Ls is state employ-
ment from the BDS. For row 1, lOLS is from col. 1 of table 1. For rows 2 and 3, lOLS and fOLS

are from cols. 1 and 2 of table 2. Here lGMM is restricted to be between 0 and 1. There is no
standard error for lGMM at the upper bound of 1. The standard error of fGMM is the standard
error when estimating fGMM while setting l 5 1.
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The estimated fGMM is20.14 (standard error 0.01), which implies a mod-
estly negative knowledge spillover. Such negative spillovers are in the
spirit of Bloom et al. (2020).
We now consider the amplification of shocks at our estimated values of

l and f. The first row of table 5 displays the amplification formula for the
real wage response to shocks hitting the growth rates of productivity A,
population, or entry efficiency. The second row shows the effect in the
special case where l 5 1 and f 5 0 (entry involves only a fixed amount
of labor), under which there is no amplification through entry. The third
row considers the special case when l 5 0 and f 5 0 (entry involves only
a fixed amount of output). We find 50% amplification to all three shocks
in this special case. If we continue to assume entry costs denominated in
output (l 5 0) but add a positive knowledge spillover, then the table in-
dicates that amplification rises to 200% for productivity shocks and
500% for population or entry efficiency shocks.
The final row of table 5 calculates amplification under our GMM esti-

mates of l and f. Since the estimated l is 1 and f is negative, we obtain
little amplification. This suggests that shocks to productivity, population,
and entry efficiency are only weakly amplified through induced changes
in entry.

V. Empirical Robustness Checks

In this section we check the robustness of our finding that entry costs rise
with growth by considering alternative explanations for the stability of
employment per firm with respect to output per worker.

TABLE 5
Amplification of Real Wage Responds to Shocks

g A Shock g L or Δe Shocks

General case 12l
12f

�(j 2 1 2 12l
12f

)21 ½(j 2 1) f
12f

1 12l
12f

� � (j 2 1 2 12l
12f

)21

Special cases:
l 5 1, f 5 0
(noamplification)(%) 0 0

l 5 0, f 5 0
(l amplification) (%) 50 50

l 5 0, f 5 .5 (l and f
amplification) (%) 200 500

GMM spatial estimate:
l 5 1, f 5 2.14 (%) 0 212

Note.—Entries show the response of log real wages to a 100% shock to productivity (A),
employment (L), or entry efficiency (e) minus the change when l 5 1 and f 5 0, ex-
pressed as a percentage of the change when l 5 1 and f 5 0. The last row provides the
responses using our point estimates for l and f over time within US states (i.e., our “spa-
tial” estimates). We assume j 5 4 throughout.
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A. Discount Rate, Postentry Growth Rate, and Exit Rate

We used a one-shot model for illustration in the previous section, with
no firm life-cycle dynamics. A natural question is whether the stability
of employment per firm could reflect changes in the dynamics of firms
after entry rather than entry costs rising with growth. Consider an exten-
sion of the illustrative model wherein each entrant f in period t draws
initial productivity A0( f, t). After entry, their productivity grows at rate
g and they exit at exogenous rate d. Suppose entrants discount future
profits at rate r and that g is sufficiently small relative to d and r such that
the present discounted value (PDV) of profits is finite. LetN 0 denote the
number of new firms and L0=N 0 the average employment of new firms.
In this case, the stock of firms becomes

Nst 5 Ns,t21(1 2 d) 1 N 0
s,t , N 0

s,t 5 Ae
s,t(Y

e
s,t)

12l(Le
s,t)

l,

and the free entry condition equalizes the entry cost with the sum of dis-
counted profits

pe
st

Pst
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1 1 r
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:

The new-firm results in tables 1 and 3 say that L0=N 0 is stable relative to
changes in output per worker over time and across states. In particular,
the results for the 41-year average in table 3 potentially mitigate out-of-
steady-state dynamics. Our interpretation is that g, r, and d are stable
and entry costs pe=P rise proportionally with output per worker. An alter-
native explanation, however, is that entry costs pe=P are constant but
changes in g, r, and d offset the changes in output per worker. For exam-
ple, if the discount rate r rises with w/P, the postentry growth rate de-
clines with w/P, or the exit rate rises with w/P, this could confound
our inference about how entry costs change with growth.
While output per worker rose significantly over time in the United

States, we did not see significantly higher interest rates or return to cap-
ital. See Gomme, Ravikumar, and Rupert (2011) and Farhi and Gourio
(2018). We do not expect interest rates to vary significantly across states,
meanwhile, as capital flows freely across states. Furthermore, studies
document that firm exit rate by age has been stable over time while em-
ployment growth rate by age has been stable or increasing for older
firms—see Hopenhayn, Neira, and Singhania (2022) and Karahan, Pugs-
ley, and Şahin (2024). This suggests that the present discounted value of
profit may have increased even faster with growth than implied by our re-
gressions using new firm employment. Hence, we infer that entry costs
rise with growth even after considering postentry dynamics.
For US manufacturing we can go a step further and directly calculate

the present discounted value of profits. For a cohort of entering in year t,
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we calculate the expected PDV of profits using the average realized PDV
of profits for a cohort. So our proxy for entry costs in period t is

1

N 0
t
o
N 0

t

f51
o
Df

a50

b(t, a)pf (t, a), (17)

where f indexes the entrants in the cohort, and Df denotes the age of the
entrant at the time of exit (death). Here pf(t, a) is the profit of entrant f
from cohort t and age a and b(t, a) is the discount factor.
Implementing the PDV measure requires us to estimate the flow of

profits. Rather than trying to distinguish economic and accounting prof-
its or variable and fixed costs, we estimate price-cost markups and com-
bine our estimates with revenue to infer profits. Although estimating the
level of markups is notoriously difficult, for our purposes we only need to
know how markups vary over time. We use the over-time variation in the
ratio of output to payroll.
We use establishment-level data from the US Census Bureau’s Census

ofManufacturing (CMF) for 1963 and quinquennially from1972 to 2012.
The CMF covers all establishments with employees. For our sample pe-
riod, there are about 1.54million unique establishments.We construct co-
horts based on the first year each establishment appears in the data. This
means that we drop all observations in 1963, because we cannot identify
when these plants entered; we use the 1963 plants to determine which
of the 1967 plants are entrants. We also drop plants that exit and then re-
enter, as their entry year is ambiguous. We drop all plant-years with nega-
tive or missing shipments, intermediate inputs, payroll, or employment.
We calculate the PDV of profits for each cohort in the following way.

First, wemultiply shipments by the profit share (implied by our time-varying
ratio of shipment to payroll) to generate profits for each plant-year.Wede-
flate all profits by the BEA manufacturing value added deflator.17 We dis-
count each year of real profits assuming a constant real interest rate
r 5 0:05. We calculate the PDV of real profits for each cohort using hori-
zons of 0, 5, 10, and 15 years. A shorter horizon gives usmore observations
but covers less of a cohort’s lifetime. The PDV for each cohort should be
an unbiased estimate of its entry cost, given the zero-profit condition for
entrants.
We use real manufacturing value added per worker each year to proxy

for aggregate productivity. We deflate total value added per worker in
each year by the BEA manufacturing value added deflator. We calculate
the total value added and total number of workers by summing value
added and employment across plants in each year.

17 Since we only have data every 5 years, for each plant we interpolate real profit between
years to generate yearly profits. We linearly interpolate the log of real profits, which is
equivalent to fitting a constant growth rate of real profits between adjacent observations.
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Across entering cohorts, we regress the log of the PDV of real profits on
the log of real value added per worker in the year of the cohort’s entry. Ta-
ble 6 presents the results. At the 5 and 10 year horizons, the PDVof profits
rises evenmore than one-for-onewith labor productivity at the timeof entry
(a slope above 1). The standard errors are small (0.25 or less) and the R2’s
are large (0.8 orhigher). At the 15-yearhorizon the PDVof profits increases
less than one-for-one with labor productivity at entry, but the connection is
still quite positive (slope 0.65). Thus, at all horizons, it appears that entry
costs rise strongly with average labor productivity in US manufacturing.

B. Trends in the Aggregate Markup or Markdown

The relationship between entry costs, average employment per firm, and
the real wages is
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Our baseline model assumes that the elasticity of substitution jst is either
constant over time or homogeneous across states. Thus an alternative ex-
planation for the stability of firm employment with respect to output per
worker is that markups are declining (say because of j rising) with out-
put per worker. Similarly, extending our model to include time-varying
markdowns would imply
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where hst is the elasticity of labor supply. A lower hst implies more labor
market power for firms and a steeper markdown.

TABLE 6
PDV of Establishment Profits on Value Added per Worker

US Manufacturing: 1967, 1972, ... , 2012

Horizon

0 5 10 15

Coefficient on ln Y/L 1.297 1.232 1.254 .648
(.097) (.191) (.250) (.151)

R 2 .957 .856 .807 .787
Number of cohorts 10 9 8 7
First cohort 1967 1967 1967 1967
Last cohort 2012 2007 2002 1997

Note.—US Census of Manufacturing (FSRDC project no. 1440, clearance request
no. 5434) and the US Bureau of Economic Analysis. The table reports the regression co-
efficient from regressing log real PDV of profits by cohort on log real manufacturing out-
put per worker at the time of entry. Horizon h means the PDV is calculated using profit
streams from age 0 to age h.
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Looking at the above expressions, we see that entry costs may be con-
stant (l 5 0) even if average firm employment is constant because firm
product and labor market power decline proportionally with output per
worker over time or across states, such that ½1=(j 2 1)�(w=P) or (1=h)(w=
P) in the above expressions is constant over time and across states. Intui-
tively, when entry costs are stable with respect to changes in output per
worker, higher labor productivity reduces equilibrium average employ-
ment per firm. In the opposite direction, weaker product and labormarket
power (higher j and h) raise employment per firm because more revenue
is needed to generate the same amount of profits. In theory, equilibrium
firm employment may not vary with output per worker because these two
forces exactly cancel each other out.
Our regression of within-state changes in (16) controls for markup

and markdown heterogeneity across states that can be picked up by state
fixed effects—that is, j and h variation across states but not over time.
Over time in the United States, the PDV calculations in the previous sec-
tion control for markup and markdown trends, at least for manufactur-
ing. We also ran (16) with a time fixed effect to control for changes in
markups and markdowns over time. Note that we cannot run this regres-
sion for the longest horizon in table 7 because we only have one period
in that case. For the 10-year and 1-year horizons, we find similar coeffi-
cients to our baseline regression in table 2.
In addition to these robustness checks, it is worth noting that the lit-

erature tends to find rising or stable markups. See, for example, Autor

TABLE 7
Average Firm Size on GSP per Worker and Lagged Number of Firms

Changes over Time, US States, 1978–2020,
with Time Fixed Effects

Horizon

10 Years 1 Year

(1) (2) (3) (4)

lOLS .626 .634 .688 .708
(.048) (.061) (.014) (.014)

fOLS .016 2.066
(.079) (.022)

Within R 2 .385 .385 .201 .183
Observations 150 150 2,100 2,100
Amplification (%) 14.2 14.2 11.6 10.0

(2.1) (2.1) (.6) (.6)

Note.—Employment and firms are from the Business Dynamics Statistics of the US Cen-
sus Bureau. Real output is from the US Bureau of Economic Analysis. Here lOLS is equal to
1 plus the regression coefficient on log output per worker, and fOLS is equal to21 times the
coefficient on log lagged number of firms. Amplification refers to the indirect effect of
increases in productivity A through increased entry (variety), and is equal to ½(1 2 l)=
(1 2 f)�=½j 2 12 (1 2 l)=(1 2 f)�. We evaluate it at j 5 4.
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et al. (2020) and De Loecker, Eeckhout, and Unger (2020). Evidence for
markdowns is more mixed; Berger, Herkenhoff, and Mongey (2022) re-
port a decline in local labor market concentration between 1977 and
2013, while Yeh, Macaluso, and Hershbein (2022) find that markdowns
declined and then increased over time.

C. Industry Composition

Our inference is based on a single-industry model. We can easily extend
the inference to multiple industries. Suppose industry output is pro-
duced using the CES structure as in our baseline model. And suppose
entry into an industry uses ci units of the entry good. Then free entry into
each industry implies that average employment in an industry is equal to
(j 2 1 1 l)ci(pe=w). Aggregate employment per firm is then the industry-
weighted average of entry costs relative to wages:

L

N
5 (j 2 1 1 l)

peoi Ni=Nð Þci½ �
w

:

Therefore, the empirical pattern of stable L/N relative to output per
worker still implies that entry costs peoi½(Ni=N )ci� rise with growth. How-
ever, in addition to the entry technology channels (f and l) that work
through pe, the rise in entry costs can also be explained by reallocation
toward industries with higher entry costs ci. We can distinguish between
the reallocation and entry technology channels by using a measure of
average employment that is not affected by reallocation across industries.
Let �si be the average share of firms in industry i across years. If the free
entry condition holds in each industry then

o
i

�si
Li

Ni

5 (j 2 1 1 l)
pe

w o
i

�sici

� �
:

Changes in this fixed-weight average come purely from changes in pe=w:

d ln o
i

�si
Li

Ni

� �
5 d ln

pe

w

� �
:

The BDS data report employment and firms by NAICS 2-digit in each
state-year for the business sector. We set si in each state to the 1978–2020
average NAICS 2-digit share of firms. Table 8 shows the same regression
as table 2 but with the fixed weight on each industry in constructing aver-
age employment per firm on the left-hand side. The results are similar to
the baseline in table 2.

D. Selection on Entry

Our inference strategy assumes the entrants do not know their produc-
tivity before entering and hence entry costs are proportional to average

entry costs rise with growth 69



firm employment. If entrants know their productivity, however, then the
free entry condition implies that entry costs are proportional to the em-
ployment of the marginal entrant rather than to average employment
across all entrants.
In the case of Pareto-distributed entrant productivity, the size of themar-

ginal entrant is proportional to that of the average entrant. In this case our
finding that average entrant size increases with labor productivity is consis-
tent with entry costs rising with growth. In the event of normally distrib-
uted entrant productivity, however, we need to examine other moments
of the entrant size distribution. In particular, if the profit of the marginal
entrant is pinned down by a constant entry cost denominated in terms of
output, then we expect the dispersion of profits to increase with output
per worker under normally distributed entrant productivity.
We can look at entrant dispersion in US manufacturing over time. Ta-

ble 9 displays the results from regressing dispersion in PDV against real
output per worker in US manufacturing. At all horizons, dispersion fails to
increase with output per worker. Hence, we conclude that entry costs faced
by the marginal entrant must also be increasing with output per worker.18

TABLE 8
Average Firm Size on GSP per Worker and Lagged Number of Firms

Changes over Time, US States, 1978–2020,
Fixed Industry Weights

Horizon

41 Years 1 Year

(1) (2) (3) (4)

lOLS 1.013 .988 .689 .721
(.072) (.102) (.015) (.015)

fOLS .080 2.130
(.064) (.022)

R 2 .000 .032 .179 .168
Observations 100 50 2,100 2,000
Amplification (%) 2.4 .4 11.6 9.0

(2.4) (3.7 ) (.6) (.6)

Note.—Employment and firms are from the Business Dynamics Statistics of the US Cen-
sus Bureau. Real output is from the US Bureau of Economic Analysis. Here lOLS is equal to
1 plus the regression coefficient on log output per worker, and fOLS is equal to21 times the
coefficient on log lagged number of firms. Amplification refers to the indirect effect of
increases in productivity A through increased entry (variety), and is equal to ½(1 2 l)=
(1 2 f)�=½j 2 12 (1 2 l)=(1 2 f)�. We evaluate it at j 5 4.

18 Table A5 shows that average employment of firms with 1–4 employees is also stable
with respect to output per worker across states. This is consistent with entry costs of mar-
ginal entrants rising with growth if the marginal entrants are in the smallest employee bin.
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E. Measurement Error in Labor

The modest relationship that we find between average employment per
firm and labor productivity across time and states could be biased down-
ward by measurement error in labor L. We check whether our results are
driven by this division bias using employment from the County Business
Patterns (CBP) to construct gross state product per worker but employ-
ment from the Business Dynamics Statistics to construct employment
per firm. Table 10 displays the results.19 The regression coefficients are
similar to the baseline in table 2. We also checked for potential measure-
ment errors by using Y =LCBP to instrument for Y =LBDS. The results are
similarly reassuring, and are reported in table A6. Thus, our results do
not appear to be from measurement error in L.

VI. Conclusion

In theUnited States, the number of workers per firm is stable or rises with
output per worker over time and across states. This fact can be explained
by a model in which entry costs rise with labor productivity. Entry costs
can rise with productivity formultiple reasons. First, if entry is labor inten-
sive then higher wages that go along with higher labor productivity raise
the cost of entry. Second, the costs of setting up operations could be in-
creasing with the level of technology. This may involve a negative knowl-
edge spillover from past innovation à la Bloom et al. (2020). We leave it
for future research to try to distinguish between these explanations.

TABLE 9
Dispersion of PDV of Profits of New Establishments on Value Added per Worker

US Manufacturing: 1967, 1972, ... , 2012

Horizon

0 5 10 15

Coefficient on Y/L 2.091 2.099 2.018 2.374
(.068) (.116) (.157) (.097)

R 2 .180 .093 .002 .748
Number of cohorts 10 9 8 7
First cohort 1967 1967 1967 1967
Last cohort 2012 2007 2002 1997

Note.—US Census of Manufacturing (FSRDC project no. 1440, clearance request
no. 5434) and the US Bureau of Economic Analysis. The table reports the regression co-
efficient from regressing dispersion of log real PDV of profits by cohort on log real man-
ufacturing output per worker at the time of entry. Horizon h means the PDV is calculated
using profit streams from age 0 to age h.

19 The longest horizon is shorter than in the baseline due to availability of CBP data.
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We draw out several implications for policy andmodeling. First, policies
that boost productivity need not boost entry of firms. Thus there is no am-
plificationof the effect on aggregate productivity through entry. Second, if
the modeling choice is between fixing entry costs in labor or output, it is
more realistic to denominate in terms of labor. Third, we empirically cor-
roborate the common assumption in endogenous growthmodels that the
cost of innovation rises with the level of technology attained.
Throughout we assumed a close connection between firms and prod-

ucts—specifically, that each firm has the same number of products (which
could be growing at a common rate). This assumption could be relaxed
with sufficient data. An example is Berlingieri et al. (2024), who document
how French firms differ in terms of their portfolio of products.

Data Availability

Code replicating the tables and figures in this article can be found in
Klenow and Li (2024) in the Harvard Dataverse, https://doi.org/10.7910
/DVN/N01UST.
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