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1. INTRODUCTION

Researchers are becoming increasingly aware of the importance of firm entry
in aggregate economic dynamics. Over the business cycle, firm and establish-
ment entries vary significantly across booms and recessions.1 The variation of
entry, in turn, has a significant and persistent effect on aggregate employment.2

In this context, it is natural to ask how various macroeconomic policies in-
teract with cyclical entry. In this study, we construct a Hopenhayn-style model
of firm/establishment entry and exit in general equilibrium in order to examine
the effects of government policies designed to help employment and start-ups
(Hopenhayn, 1992). The model is based on Lee and Mukoyama (2008, 2018)
and can quantitatively account for observed patterns of entry and exit of manu-
facturing plants in the United States. We consider two types of policies: firing
taxes and entry subsidies. For each, we experiment with two different kinds of
policy implementations.

We first analyze firing taxes. Our results provide new insights on the stabi-
lization effects of firing taxes. As in Hopenhayn and Rogerson (1993), a constant
firing tax reduces the average level of employment in our model. Interestingly,
a constant firing tax increases the variance of output. This result contrasts with
the stabilization effects of firing taxes in models with exogenous entry and exit,
found in the past literature (e.g., Veracierto, 2008). Our finding suggests that it is
important for a policy analysis to model entry and exit behavior endogenously. A
constant firing tax is destabilizing because the entry rate becomes more volatile
when this tax is imposed. Given the mean-reverting nature of the idiosyncratic
productivity process, the firing tax has a greater impact on large plants than on
small plants because the former are more likely to contract in the immediate fu-
ture. Since entrants are larger during recessions than during booms, the effect
of firing taxes on entrants is stronger during recessions. Therefore, the differ-
ence between the entry rates during booms and recessions widens because of the
firing tax.

We also consider a countercyclical firing tax, which is intended to reduce the
amount of firing during recessions. When a firing tax is imposed only during
recessions, job destruction rates during recessions are reduced. However, the
variance of output increases dramatically.

Second, we analyze the effects of cyclical entry subsidies. We find that sub-
sidizing entry costs during recessions stabilize both the entry rate and the ag-

1See, for example, Lee and Mukoyama (2015a), Woo (2015), and Tian (2018).
2See, for example, Sedlácěk and Sterk (2017).
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gregate output. This finding is consistent with recent studies that emphasize the
role of entry in aggregate labor market fluctuations, such as Sedlácěk (2015) and
Sedlácěk and Sterk (2017). Our experiment shows that stabilizing entry over the
business cycle can stabilize the aggregate employment and output fluctuations
significantly.

The rest of this paper is organized as follows. In the next section, we build
a general equilibrium model of plant-level dynamics. In Section 3, we conduct
policy experiments. Section 4 concludes.

2. MODEL

First we set up a dynamic general equilibrium model of plant-level employ-
ment, entry, and exit. The model is based on Lee and Mukoyama (2018) and
adds the elements of economic policies that we analyze.

The model is similar to the standard firm dynamics model, such as that of
Hopenhayn and Rogerson (1993). Five assumptions distinguish our model from
the standard model. First, there are aggregate productivity shocks. Our policy
analysis is centered in the context of business cycles, and this is necessary in
order to incorporate cyclical dynamics. Second, entry is conducted in two steps.
In the first step, potential entrants are created. By incurring idea costs, a po-
tential entrant can receive an idea that has a random quality. In the second step,
each potential entrant with a given idea decides whether to enter. Upon entry,
the entrant has to pay an implementation cost. Third, there is a positive (and
stochastic) value of exiting. This is necessary for the model to match the exit
pattern observed in the data. Fourth, we assume that there are adjustment costs
for changing employment. This is necessary for the model to generate a level of
job flows that is similar to the U.S. data. Fifth, we assume that the entry costs
are cyclical. We elaborate on this assumption in more detail later.3

Time is discrete and has an infinite horizon. There are two economic agents,
consumers and manufacturing plants. Consumers own plants, supply labor, and
consume final goods. Plants hire workers and produce final goods. We keep
the consumer side simple by assuming that the representative consumer exists.
Plants are heterogeneous and they enter and exit over time.

3See Lee and Mukoyama (2018) for detailed discussions.
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2.1. PLANTS AND POLICIES

First, we outline the decision for an incumbent plant that survives from the
previous period. The timing for an incumbent plant in period t is as follows.
In the beginning of period t, plants observe the current aggregate state, zt . An
incumbent plant starts a period with the individual state (st−1,nt−1). We denote
st−1 as the individual plant’s productivity level at period t − 1. The variable
nt−1 represents the employment level at period t− 1. The value function of an
incumbent plant after observing zt is denoted as W (st−1,nt−1;zt). Then, the plant
observes its exit value, xt . We assume that xt is stochastic and can be interpreted
as the scrap value of its capital (and owned land). After observing the exit value,
the plant decides whether to stay or exit. We assume that it has to pay a firing tax
when it exits, to adjust the employment level from nt−1 to zero. If the plant stays,
it next observes this period’s individual productivity st . The value function at this
point is denoted as V c(st ,nt−1;zt). After that, the plant decides the employment
in the current period, nt , and production starts. We denote the labor demand
for a plant with the state (st ,nt−1) as φ(st ,nt−1). The production function is
assumed to be zt f (nt ,st), where the function f (nt ,st) is increasing and concave
in nt . If nt 6= nt−1, the plant pays adjustment costs (e.g., Cooper et al., 2004). In
particular, in the case of reducing employment (i.e, nt < nt−1), it pays a firing
tax as in Hopenhayn and Rogerson (1993).

Second, we outline the timing for entrants. At the beginning of the period,
the aggregate shock zt is observed. The first step for entry is to come up with
an idea. To do so, the cost cq (which we refer to as an idea cost) has to be
paid. Once the idea cost is paid, a potential entrant receives a random number
qt (quality of the idea). A large qt indicates that productivity after the entry is
high. The expected value of having an idea, before knowing qt , is denoted as
V p(zt). The value of being a potential entrant who has an idea qt is denoted
as V e(qt ;zt). Based on qt , a potential entrant decides whether to enter. To do
so, a potential entrant has to pay an additional entry cost ce (we refer to this
as an implementation cost). We interpret ce as (partially sunk) investment. A
potential entrant compares V e(qt ;zt) and the implementation cost ce in deciding
whether to enter. Upon entry, the decision of the entrant is the same as that for the
incumbent, except that the idiosyncratic productivity st depends on qt , not st−1.
After observing st (and thus, the value function is V c(st ,0;zt) for a new plant),
the plant decides the employment nt , pays the adjustment costs, and produces.

We consider two policies. The first is the firing tax. Each plant adjusting
employment from nt−1 to nt has to pay g(nt ,nt−1) units of final goods to the
government, which will be paid back to the consumers in a lump-sum manner.
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Second, the government subsidizes the entry costs. The idea cost is subsidized at
the rate γ

q
t and the implementation cost is subsidized at the rate γe

t . The subsidies
are financed from consumers as lump-sum taxes.

Incumbent plants’ decision

The Bellman equation for an incumbent is

W (st−1,nt−1;zt) =
∫

max〈Es[V c(st ,nt−1;zt)|st−1],xt −g(0,nt−1)〉dξ (xt).

In the max〈·, ·〉, the plant decides whether to stay or to exit. We assume that the
exit value xt follows an i.i.d. distribution ξ (xt) and that the exit value distribution
does not vary over the business cycle. The term Es[V c(st ,nt−1;zt)|st−1] is the
expected value of a continuing plant V c(st ,nt−1;zt) given the information of st−1
and is calculated as

Es[V c(st ,nt−1;zt)|st−1] =
∫

V c(st ,nt−1;zt)dψ(st |st−1),

where

V c(st ,nt−1;zt) = max〈V a(st ,nt−1;zt),V n(st ,nt−1;zt)〉,

and ψ(st |st−1) is the (exogenously given) distribution of st given st−1. Here,
V a(st ,nt−1;zt) is the value function when the plant adjusts employment, and
V n(st ,nt−1;zt) is the value function when it does not.

If the plant adjusts employment, the current period profit is

π
a(st ,nt−1,nt ;zt)≡ λ zt f (nt ,st)−wtnt −g(nt ,nt−1),

where λ < 1 represents the “disruption cost” type of the adjustment cost, em-
phasized by Cooper et al. (2004). This represents the cost of slowing down the
production process when the plant adjusts employment. According to Cooper
et al.’s (2004) estimation, this cost turns out to be the most important type of
adjustment cost in explaining the plant-level employment dynamics observed in
the data.

If the plant does not adjust employment, the profit is

π
n(st ,nt−1;zt)≡ zt f (nt−1,st)−wtnt−1.

Therefore,

V a(st ,nt−1;zt) = maxnt π
a(st ,nt−1,nt ;zt)+βEz[W (st ,nt ;zt+1)|zt ],
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and

V n(st ,nt−1;zt) = π
n(st ,nt−1;zt)+βEz[W (st ,nt−1;zt+1)|zt ]

hold. Here, Ez[·|zt ] denotes the expected value with respect to zt+1, conditional
on zt .

Entrants’ decision

The entrant’s value function is

V e(qt ;zt) =
∫

V c(st ,0;zt)dη(st |qt),

where η(st |qt) is the (exogenously given) distribution of st given qt . For an entry
decision, there is a threshold value of qt , q∗t , which is determined by

V e(q∗t ;zt) = (1− γ
e
t )ce, (1)

where potential entrants with qt above q∗t enter. A potential entrant’s value func-
tion is calculated by

V p(zt) =
∫

max〈V e(qt ;zt)− (1− γ
e
t )ce,0〉dν(qt),

where ν(qt) is the (exogenously given) distribution of qt . We assume a free entry
for becoming a potential entrant, and therefore,

V p(zt) = (1− γ
q
t )cq (2)

holds.

2.2. CONSUMERS

We assume that a representative consumer who maximizes the expected util-
ity exists, as follows:

U = E
[
∑

∞

t=0 β
t [Ct +Av(1−Lt)]

]
,

where v(·) is an increasing and concave function, Ct is the consumption level,
Lt is the employment level, β ∈ (0,1) is the discount factor, and A > 0 is a
parameter. Note that we assume a linear utility for consumption, which simpli-
fies our analysis dramatically. This assumption implies that the plant’s profit is



34
ECONOMIC POLICIES WITH ENDOGENOUS ENTRY AND EXIT OF

PLANTS

discounted by the consumer’s discount factor β . The budget constraint in each
period is

Ct = wtLt +Πt +Rt , (3)

where wt is the wage rate, Πt is the firm’s profit, and Rt is the lump-sum transfer
from (or tax to) the government. We assume that there is no saving. The first-
order condition in each period is

Av′(1−Lt) = wt . (4)

2.3. GENERAL EQUILIBRIUM

The general equilibrium of the model is defined as a situation in which (i)
consumers and plants optimize and (ii) the markets clear. First, we consider the
steady state without shocks, that is, zt is constant over time. This situation is
similar to the stationary equilibrium of Hopenhayn and Rogerson (1993).

The general equilibrium can readily be characterized by looking at the labor
market. The free-entry condition (2) determines the demand side of the labor
market. In other words, the labor demand is filled until the wage rate adjusts to
the level at which (2) is satisfied. The quantity of the labor demand in the steady
state is given by

Ld = N
∫

φ(s′,n)dµ(s′,n), (5)

where µ(s′,n) is the stationary distribution of the plants with the state (s′,n)
when we set the mass of potential entry in each period to one. In other words,
µ(s′,n) summarize the distribution of all individual plants in the economy, both
survivors from the last period and this period’s entrants after receiving this pe-
riod’s shock.4 φ(s′,n) is the optimal employment decision rule of a plant with
the state (s′,n) (note that s′ is the plant-level productivity in the current period
(i.e., st) and n is the plant-level employment in the previous period (i.e., nt−1)).5

4Note that the stationary measure of plants are determined (i.e., computed) based on the case
when we set the mass of potential entry (N) equal to one. Then, the actual measure of plants
can be obtained by multiplying N, once the quantity is determined. This property of the linear
homogeneity, following Hopenhayan and Rogerson (1993), makes the computation easy.

5While the use of notation may look different from the conventional use of “′”, it is a standard
way of notation, widely used in the firm dynamics literature with adjustment cost since Hopenhayn
and Rogerson (1993).
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The mass of potential entry in each period is denoted as N. Here, the time sub-
script is omitted, because the economy is in the stationary state. The first-order
condition (4) for the representative consumer characterizes the labor supply side.

From our model structure, the equilibrium can be characterized sequentially.
First the equilibrium wage w∗ is set from the labor-demand side, in particular
from the free entry condition (2). Then, the equilibrium level of labor L∗ is
determined from the labor supply curve (4). Once L∗ is determined, the equilib-
rium level of N, N∗, can be found from (5). Then, the actual measure of survivors
will be Nµ from the linear homogeneity. The measure of actual entrants, M, is
determined as a function of N:

M = N
∫

∞

q∗
dν(q).

Next, we examine the equilibrium in the business cycle model. Once the
aggregate shock is introduced, the economy is no longer in stationary state: L∗

and N∗ change over time. The labor demand is now given by

Ld
t = Ld

it +NtLd
et , (6)

where Ld
it is the labor demand from incumbents in period t and Ld

et is the labor
demand from the entrants when the mass of potential entry is assumed to be one.
The determination of the equilibrium is similar to the steady state case: the free-
entry condition (2) determines the wage, L can be found from the labor-supply
equation (4), and the labor-demand equation (6) can be used to solve for N.

Finally, the aggregate profit is given by

Πt = Yt −wtLt −Rt −Nt(1− γ
q
t )cq−Mt(1− γ

e
t )ce +Xt ,

where Yt is aggregate output, Nt is the number of potential entrants, Mt is the
number of actual entrants, and Xt is the total value of exiting, which is the sum
of exit values xt for plants whose exit value minus the firing cost is greater than
the expected value of continuing (i.e., xt−g(0,n)≥ Es′ [V c(s′,n)|s]). Combining
this with (3) and the government budget constraint, the equilibrium consumption
is

Ct = Yt −Ntcq−Mtce +Xt .

2.4. CALIBRATION AND THE STEADY-STATE OUTCOME

The calibration follows Lee and Mukoyama (2018). We outline the calibra-
tion procedure here, for the sake of completeness, but the detailed discussions
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Table 1: Benchmark parameters

β θ as ρs σs λ ce cq

0.94 0.7 0.04 0.97 0.11 0.983 872.9 103.1

are delegated to that paper, which also describes the computational procedure of
the model.

The general calibration strategy is to use the steady state of the model with
constant z (we set z = 1) as the benchmark and then to calibrate the aggregate
shocks separately. We set one period as 1 year. Following Hopenhayn and
Rogerson (1993), we normalize the wage rate, w, in the steady state to 1. We
pin down the benchmark value of N by setting aggregate employment, L, to 0.6.
The value of A is calculated from (4), w = 1, and L = 0.6, together with the
functional-form assumption v(·) = ln(·). We set β = 0.94 and returns to scale
parameter θ = 0.7 in the production function, snθ . These values are in the range
of standard numbers in the macroeconomics literature.

The process for idiosyncratic productivity, s, is chosen so that the model
generates the employment process observed in the data. We use the results of
Lee and Mukoyama (2015b), who estimate the employment process with the
Annual Survey of Manufactures from the U.S. Census. We assume that s follows
an AR(1) process with normal disturbances:

ln(s′) = as +ρs ln(s)+ εs,

where
εs ∼ N(0,σ2

s ).

This process is approximated by a Markov process by using Tauchen’s (1986)
method. We set 30 evenly spaced grids on ln(s) over the interval [as/(1−ρs)−
3
√

σ2
s /(1−ρ2

s ),as/(1−ρs)+3
√

σ2
s /(1−ρ2

s )]. The constant as is determined
so that the average value of employment matches the data average. The value of
ρs is set to 0.97, which makes the AR(1) coefficient of the employment process
in the model match the target value of 0.97. The value of σs is set so that the
variance of the growth rate of n is close to the empirical value of 0.14.

Following the point estimate of Cooper et al. (2004), we set the adjustment
factor λ equal to 0.983. The exit value takes zero with probability x0 and a posi-
tive value with probability (1−x0). The positive portion is uniformly distributed
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Table 2: Data and model statistics in the steady-state

Data Model
Average size of continuing plants 87.5 87.6
Average size of entering plants 50.3 49.7
Average size of exiting plants 35.0 35.8
Entry rate 6.2% 5.4%
Exit rate 5.5% 5.4%
AR(1) coefficient ρ for employment 0.97 0.97
Variance of growth rate for n 0.14 0.14
Job reallocation rate 19.4% 23.0%

Note: Average size is the number of employment. Job realloction rate is the sum
of job creation rate and job destruction rate.

over [0, x̄], where we set x0 and x̄ so that the exit rate and the size of the exit-
ing plants, respectively, match the empirical values. This results in x0 = 0.9 and
x̄ = 2500. The entry transition function is assumed identical to the transition
function for the incumbents: η(s′|q) = ψ(s′|s). The entry costs, cq and ce, are
calculated from the model. In particular, (1) and (2) determine the values of cq

and ce, given ν(q) and the equilibrium value of q∗ that we target. We assume
that ν(q) follows ν(q) = Bexp(−q) over the lower part of the grids on s, where
B is the scale parameter.6 The target value of ln(q∗) is 0.5 in the baseline. This
choice of ν(q) and q∗ brings the size distribution of young plants close to the
data. We set the firing tax g(n′,n), as zero in the baseline. Table 1 lists the main
parameter values.

Table 2 compares the output of our model to the average values of the data.
The job reallocation rate is taken from Davis et al. (1996, Table 2.1), and the
other values are taken from Lee and Mukoyama (2015a). Everything except
the job reallocation rate is used as our target for calibration. In addition, the
job reallocation rate turns out to be close to the value in the data, thanks to the
existence of the employment adjustment cost. Lee and Mukoyama (2018) show
that the size distribution of plants is in line with the data.

6For more detail, we set 200 grids on x and 25 grids on q.
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2.5. AGGREGATE SHOCKS AND CYCLICAL DYNAMICS

In considering the aggregate fluctuations, we assume that zt fluctuates be-
tween two values, 1.01 and 0.99, following a symmetric Markov process. This
results in a 1% standard deviation in zt . This outcome is similar to the estimated
unconditional standard deviation of Solow residuals over the sample period of
Lee and Mukoyama (2015a). We calibrate the transition probabilities so that the
average duration of each state is 3 years.

Lee and Mukoyama (2018) show that when cq and ce are constant over time,
the model does not match the microeconomic facts on plant-level entry dynam-
ics. Lee and Mukoyama (2018) further show that under the assumption that
cq is procyclical and ce is countercyclical, the model performs well in terms of
matching the data facts. A procyclical cq can be interpreted as idea creation being
more expensive during booms. The cost of hiring a good inventor is particularly
higher during booms, partly because the wages for these workers are higher.7

A countercyclical ce can be interpreted in the context of actual cost of building
plants. Based on this interpretation and evidence that the price of investment
goods tends to be lower during booms (see, e.g., Fisher, 2006), ce is suggested
to be lower during booms. In addition, financing for building new plants can be
more difficult during recessions.8

Table 3 presents the cyclical statistics when ce is 0.8% higher during reces-
sions and 0.8% lower during booms, and cq is 3.3% lower during recessions and
4.1% higher during booms. These numbers follow Lee and Mukoyama (2018).
The results are quantitatively in line with the data patterns described in Lee and
Mukoyama (2015a).

3. POLICY EXPERIMENTS

Now we move on to our main goal of this study: policy analysis. In this
section, we call the results in Table 3 our baseline case. We consider four ex-
periments in total. In three of these, we consider a cyclical policy, in which a
particular policy is imposed only during recessions.

7From the National Science Foundation data on R&D expenditure and costs, the cost per R&D
scientist or engineer in companies performing R&D is about 8.6% higher during booms than
recessions.

8For financial propagation, see, for example, Bernanke and Gertler (1989), Carlstrom and
Fuerst (1997), and Kiyotaki and Moore (1997). See Macnamara (2012), Zhang (2013, 2016),
and Siemer (2014) for recent examples of models incorporating financial costs in firm dynamics
models.
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Table 3: Baseline case

Boom Recession
Wage 1.010 0.990
q∗ 0.3047 0.6335
Entry rate 7.0% 3.9%
Exit rate 5.3% 5.5%
Average size of all plants 79.5 82.4
Relative size of entrants 0.48 0.69
Relative size of exiting plants 0.41 0.41
Relative productivity of entrants 0.78 0.94
Relative productivity of exiting plants 0.84 0.84

As we discuss in this section, the effect of a firing tax has been examined
in the existing literature but mostly in models with exogenous entry and exit.
Recent studies on firm dynamics emphasize the adjustment at the entry margin
over the business cycle (e.g., Lee and Mukoyama, 2015a; Sedlácěk and Sterk,
2017; Woo, 2017). We conduct analysis of the firing tax in order to investigate
how the (endogenously) cyclical entry of plants affects the aggregate effect of a
firing tax. The analysis of an entry subsidy is conducted in order to examine the
aggregate implications of cyclical policies that affect the entry process directly.

3.1. CONSTANT FIRING TAX

First, we consider a firing tax, which is constant over time. Note that because
the tax revenue is given back to consumers in a lump-sum manner, it is counted
in aggregate output. We consider the following specification of the firing tax:

g(nt ,nt−1) = τt max〈0,nt−1−nt〉.

We set τt = 0.1. Since the wage is set to 1 at the benchmark, this implies that the
firing tax per person is 10% of the annual wage.

The consequences of a firing tax on the allocation of employment have been
analyzed by many researchers in recent years. For example, Veracierto (2008)
analyzes the implications of a constant firing tax in a general equilibrium establishment-
level dynamics model. Veracierto’s model incorporates saving and capital stock,
but entry and exit are assumed to be exogenous. Samaniego (2008) conducts a
similar exercise.
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Table 4: Results with a constant firing tax (10%)

Boom Recession
Wage 0.999 0.980
q∗ 0.3042 0.6337
Entry rate 7.1% 3.8%
Exit rate 5.3% 5.5%
Average size of all plants 80.1 83.2
Relative size of entrants 0.46 0.66
Relative size of exiting plants 0.41 0.41
Relative productivity of entrants 0.77 0.94
Relative productivity of exiting plants 0.83 0.83

The results from our model with 10% firing tax are shown in Table 4. En-
try and exit behavior do not show quantitatively large changes compared to the
baseline case, although we observe some differences in the entry threshold, q∗,
and in the entry rate. The average size of plants increases, reflecting the reluc-
tance to fire. In terms of the average statistics, we observe changes in statistics
that we usually associate with firing costs. The job reallocation rate falls from
23.0% in the baseline case to 21.3%. Average output falls by 0.9%, and average
employment falls by 0.7%. We report aggregate statistics for each experiment in
Appendix Table A1.

Interestingly, the variance of output increases slightly, by 2.4%.9 This con-
trasts with Samaniego (2008) and Veracierto (2008), who find that the firing cost
stabilizes. In our experiment, the variance of output by survivors decreases with
the firing tax, as does the variance of output by unit mass of entrants. However,
the variance of the entry rate increases, which leads to an increase in the vari-
ance of total output.10 Intuitively, the firing tax is a tax on relatively large plants,
which are more likely to reduce the number of workers (i.e., fire) in the near fu-
ture (i.e., due to the mean reversion). Because plants that enter during recessions
are typically larger than those that enter during booms, the former type of plants
experience a larger expected tax burden, which works in the direction of reduc-

9The coefficient of variation also increases, since the mean decreases with the firing cost.
10Veracierto (2002, 2008) does not have this margin, since the entry rate is assumed constant

in his model. Samaniego (2008) features endogenous entry. However, in his model, the entry rate
reacts very little to the change in aggregate productivity.
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Table 5: Results with a firing tax, during recessions only (10%)

Boom Recession
Wage 1.006 0.983
q∗ 0.3046 0.6337
Entry rate 9.1% 1.8%
Exit rate 5.3% 5.7%
Average size of all plants 73.1 80.6
Relative size of entrants 0.52 0.70
Relative size of exiting plants 0.41 0.40
Relative productivity of entrants 0.80 0.97
Relative productivity of exiting plants 0.84 0.83

ing the entry rate during recessions relative to booms. In other words, firing costs
are more likely to affect entrants in recessions (which are relatively larger) than
those in booms (which are relatively smaller). This outcome is reflected in the
difference in q∗s between Tables 3 and 4: q∗ decreases in booms and increases in
recessions. Although general equilibrium effects also operate, our quantitative
exercise suggests that the entry rate increases with firing costs during booms and
decreases with firing costs during recessions.

3.2. FIRING TAXES DURING RECESSIONS

Next, we consider the case in which the government imposes the tax only
during recessions (i.e., τt = 0.1 only when zt = 0.99). This policy can be inter-
preted as one in which the government aims to reduce the amount of firing during
bad times. The results are summarized in Table 5. The government succeeds in
its intention—the average job destruction rate during recessions falls to 9.7%
versus 11.6% in the baseline case. However, as we can observe from the table,
the entry and exit rates fluctuate more than in the baseline case. As entrants in
recessions are relatively larger and they are more likely to be affected by firing
tax, the entry rate drops dramatically in recessions. As a result, the variance of
output more than doubles. This finding suggests that the government policy de-
signed to stabilize output by protecting workers in recessions may work in the
opposite direction, amplifying the fluctuation.
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Table 6: Results with entry subsidies on ce and cq during recessions only (0.1%)

Boom Recession
Wage 1.004 0.997
q∗ 0.3053 0.6206
Entry rate 6.1% 4.6%
Exit rate 5.4% 5.4%
Average size of all plants 81.6 83.1
Relative size of entrants 0.47 0.67
Relative size of exiting plants 0.41 0.41
Relative productivity of entrants 0.77 0.93
Relative productivity of exiting plants 0.84 0.84

3.3. ENTRY SUBSIDIES IN RECESSIONS, TO BOTH IDEA AND
IMPLEMENTATION COSTS

Looking at the data, the government might think that entry rates are too low
during recessions and decide to subsidize entry costs only during recessions.
Recent studies raised a concern that overall decline in start-ups and entry may
have a negative impact on the long-run growth. In our model, there are two types
of entry costs: the idea cost and the implementation cost. Here we consider
the case where both costs are subsidized at the same rate. In particular, we
assume that entry costs ce and cq are subsidized by 0.1% during recessions (i.e.,
γ

q
t = γe

t = 0.001).

A subsidy on the idea cost can be interpreted as an R&D subsidy, and a sub-
sidy of the implementation cost can be interpreted as an investment subsidy. The
results are summarized in Table 6. Entry rates are less volatile compared to the
baseline case. The variance of output is substantially reduced—it becomes less
than half of the variance found in the baseline case. The selection of entrants dur-
ing recession is not as stringent as in the baseline case: q∗ is smaller now. Since
wage volatility is also smaller, the average size of plants is similar across booms
and recessions. If the government’s goal is to stabilize output along with entry
and exit, this type of subsidy is more effective than the (cyclical or noncyclical)
firing cost.
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Table 7: Results with entry subsidies on cq during recessions only (0.1%)

Boom Recession
Wage 1.009 0.992
q∗ 0.3049 0.6338
Entry rate 6.9% 4.0%
Exit rate 5.3% 5.5%
Average size of all plants 79.9 82.5
Relative size of entrants 0.48 0.69
Relative size of exiting plants 0.41 0.41
Relative productivity of entrants 0.77 0.94
Relative productivity of exiting plants 0.84 0.84

3.4. ENTRY SUBSIDIES IN RECESSIONS, ONLY TO IDEA COST

Next, consider the case in which only the idea cost is subsidized during re-
cessions. In particular, cq is subsidized by 0.1% during recessions. In other
words, γ

q
t = 0.001 in recessions, while γe

t = 0. In our interpretation, this corre-
sponds to a subsidy of R&D activities in recessions. The results are presented
in Table 7. Entry rate in recessions is lower compared to the previous section
because the implementation cost (ce) is no longer subsidized. Considering that
the implementation cost (ce) is about eight times larger than the idea cost (cq) in
our calibration, dropping the subsidy to the implementation cost makes a sub-
stantial difference. Due to the relatively smaller subsidy amount, the selection
of the entrants, in terms of relative size and productivity, does not change much
from the baseline case.

3.5. ENTRY SUBSIDIES IN RECESSIONS, ONLY TO IMPLEMENTATION
COST

Table 8 reports the results when only the entry cost is subsidized during re-
cessions. In particular, ce is subsidized by 0.1% during recessions (i.e., γe

t =
0.001 in recessions and γ

q
t = 0 for all t). If the government thinks that higher

financial costs may hinder potential entrants to enter, it may subsidize the im-
plementation cost of start-ups. The results are somewhat similar to Table 6, in
which both ce and cq are subsidized. This is probably due to the fact that ce is
much larger than cq and the subsidy to ce is thus plays a more important role
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Table 8: Results with entry subsidies on ce during recessions only (0.1%)

Boom Recession
Wage 1.005 0.995
q∗ 0.3052 0.6203
Entry rate 6.4% 4.4%
Exit rate 5.4% 5.5%
Average size of all plants 80.8 82.8
Relative size of entrants 0.48 0.68
Relative size of exiting plants 0.41 0.41
Relative productivity of entrants 0.77 0.93
Relative productivity of exiting plants 0.84 0.84

than that to cq. Entry rate in recessions is higher than the results of previous
section, in which only idea costs are subsidized during recessions. The selection
criteria q∗ becomes slightly lower in recessions, and accordingly the relative size
and productivity of entrants decreases a little bit compared to previous case with
subsidy to cq. Again, the government can achieve stability in entry rates. The
variance of output is also small—less than half of the baseline case.

4. CONCLUSION

This study analyzed the effects of firing costs and entry subsidies in a general
equilibrium model with aggregate shocks. The model is quantitatively consistent
with the entry and exit patterns in the U.S. manufacturing data.

We found that both a constant firing tax and a countercyclical firing tax in-
crease the volatility of the entry rate and aggregate output. Countercyclical entry
subsidies stabilize the entry rate and aggregate output over the business cycle.
Our findings suggest that it is important to model entry and exit endogenously in
assessing the effects of such policies.
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Appendix

Table A1: Aggregate statistics for each experiment

Output Employment Job reallocation rate
Average Variance Average Variance Average

Baseline .8563 .0002 .5998 .0000 .2302
Constant firing tax .8488 .0002 .5956 .0000 .2125
Firing tax, during recessions .8523 .0004 .5977 .0000 .2196
Entry subsidies on ce and cq .8580 .0001 .6002 .0000 .2302
Entry subsidies on cq only .8569 .0002 .5999 .0000 .2302
Entry subsidies on ce only .8578 .0001 .6001 .0000 .2303
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