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Abstract
This paper quantitatively examines the long-run macroeconomic effects of resource misallocation in an otherwise standard one-sector neoclassical growth model with heterogeneous
firms being subject to progressive taxation as well as endogenous entry and exit decisions.
Under a progressive fiscal policy rule, capital and labor inputs move from more productive
firms to less productive establishments as the latter face a lower or negative tax rate. We
find that since low-productivity firms use an inefficiently high level of productive resources
when there are no entry and exit decisions, the overall production and aggregate productivity
will fall as the tax progressivity rises. By contrast, more progressive taxation may raise the
economy’s total output and aggregate productivity when endogenous entry and exit decisions
are allowed and the household’s labor supply is postulated to be fixed. Our analysis therefore
shows that the quantitative implications of progressive taxation are sensitive to the variability
of hours worked and the presence of entry regulations.
Keywords: Resource Misallocation, Aggregate Productivity, Progressive Taxation, Idiosyncratic Distortions.
JEL Classification: E6, H21, H25, O4.
∗

For helpful comments and suggestioons, we would like to thank Harold Cole, Junichi Fujimoto, Minchung
Hsu, Wen-Chieh Lee, Yulei Luo, Claudio Michelacci, Peter Rupert, Shinn-Shyr Wang, Yong Wang, C.C. Yang, and
seminar participants at Shanghai Macroeconomics Workshop, Asian Meeting of the Econometric Society, University
of Hong Kong, National Graduate Institute for Policy Studies, National Chung Cheng University, National Chengchi
University, National Taipei University, Fu Jen Catholic University, and Academia Sinica. Of course, all remaining
errors are our own.
†
Corresponding Author. Department of Economics, 3133 Sproul Hall, University of California, Riverside, CA
92521, USA, Phone: 1-951-827-1588, Fax: 1-951-827-5685, E-mail: guojt@ucr.edu.
‡
Department of Economics, Northwestern University, 2001 Sheridan Road, Evanston, IL 60208, USA, Phone:
1-847-491-5140 , Fax: 1-847-491-7001, E-mail: y.izumi1989@gmail.com.
§
Department of Economics, National Taiwan University, No. 1, Sec. 4, Roosevelt Rd., Taipei 10617, Taiwan,
Phone: 886-2-33668314, Fax: 886-2-2365-9128, E-mail: yichantsai@ntu.edu.tw.

1

Introduction

There has been a growing literature that explores the effects of resource misallocation on a macroeconomy’s output and measured total factor productivity (TFP).1 Moreover, several recent studies
have found that varying entry costs may help explain the substantial cross-country income differences.2 In the context of a dynamic general equilibrium model with heterogeneous firms, aggregate
TFP depends not only on the productivity level of each individual establishment, but also on how
productive factors are allocated across these production units. As a result, government policies
that distort the relative prices faced by heterogeneous firms will influence the resource allocations
and thus generate considerable effects on aggregate economic activity. These policies also affect
the expected value of incumbent firms, which in turn will impact the entry decision of potential
entrants, as well as the total number of firms in operation and the resulting overall output. Motivated by this strand of previous research, our paper quantitatively examines the long-run effects of
resource misallocation on the economy’s aggregate variables within a standard one-sector neoclassical growth model in which output is carried out by heterogeneous firms subject to a progressive
tax policy á la Guo and Lansing (1998) together with endogenous entry and exit decisions.
Given the progressive fiscal policy rule under consideration, below-average productive firms
are subsidized whereas above-average counterparts will be taxed. Our nonlinear tax formulation
therefore affects macroeconomic aggregates through the channels of both intensive and extensive
margins. On the one hand, capital and labor inputs will move from more productive firms to
less productive and subsidized establishments. When the tax progressivity rises, resource misallocation exacerbates the overall production as low-productivity firms use an inefficiently high level
of productive resources – this is the adjustment along the intensive margin. On the other hand,
since firms may freely enter the market upon the payment of an entry cost, progressive taxation
that subsidizes below-average productive establishments will increase the expected value of an incumbent firm. This encourages more potential entrants to enter the market, which in turn raises
aggregate production – this is the adjustment along the extensive margin.
For the quantitative analyses, we first calibrate firm-level productivities in the model economy
to be consistent with the U.S. size distribution of employment across establishments, as in Restuccia
and Rogerson (2008); and then postulate the benchmark specification to feature variable labor
1

See, for example, Hopenhayn and Rogerson (1993), Lagos (2006), Restuccia and Rogerson (2008), Guner,
Ventura and Xu (2008), Hsieh and Klenow (2009), Buera, Kaboski and Shin (2011), Caselli and Gennaioli (2013),
and Buera and Shin (2013), among others.
2
See, for example, Barseghyan (2008), Barseghyan and DiCecio (2011), and Boedo and Mukoyama (2012), among
others.
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supply together with endogenous entry and exit decisions. We focus on the model’s stationary
competitive equilibrium and analyze the macroeconomic impacts of changes in the level of tax
progressivity. Relative to the “no tax distortion” case, our benchmark model exhibit substantial
increases in the numbers of entrants as well as incumbents, ranging from 29 to 91 percent, when
the fiscal policy rule becomes more progressive. By contrast, there are significant decreases in
both labor (by 11 to 18 percent) and capital (by 26 to 51 percent) inputs, hence total output falls
by 14 to 27 percent. This result implies that adjustment effects from the intensive margin due to
resource misallocation dominate those along the extensive margin which yield an increase in the
total number of producing firms. However, we find that the corresponding Solow residual remains
virtually unchanged as the tax progressivity rises, indicating that the above-mentioned positive
versus negative effects almost cancel each other out on the economy’s aggregate TFP.
To obtain further insights about the proceeding results, we consider an alternative formulation
in which adjustments coming only from the intensive margin with the household’s hours worked
being endogenously determined, while setting the number of firms in operation to be the same as
that in the benchmark model under no tax distortion. In this case, an increase in the tax progressivity generates a further leftward shift of the labor demand curve, which leads to relatively larger
reductions in equilibrium labor hours and real wage, as well as in capital service and aggregate
production (by 31 to 54 percent). Since the total number of firms is postulated to be time invariant, this specification’s measured TFP will fall (by 20 to 36 percent) in that productive resources
are misallocated across establishments.
Next, we weaken the adjustment mechanism along the intensive margin by postulating the
household’s labor hours to be a constant. Under the presence of endogenous entry and exit
decisions, more progressive taxation generates smaller decreases in capital (by 17.5 to 39 percent)
and output (by 3.9 to 11.3 percent) than those in our benchmark model without tax distortions. In
addition, the total numbers of new entrants and operating incumbents both increase substantially,
ranging from 43 to 133 percent, as the degree of tax progressivity rises. We also find that the
measured aggregate TFP becomes higher (by 1 to 3 percent) because of the stronger (positive)
effect from the extensive margin. Finally, for the specification with fixed labor supply and no
endogenous entry/exit decisions, decreases in the economy’s steady-state levels of capital input
and total output are lower compared to those in the benchmark model; and the resulting aggregate
TFP will fall as well since adjustments along the extensive margin are now completely shut down.
This paper is closely related to Restuccia and Rogerson (2008) who also quantitatively investigate the effects of firm-level distortions on aggregate production and productivity. Our analyses
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differ from theirs in three aspects. First, we allow the household’s labor supply decision to be
endogenous, which turns out to exert a significant impact on the adjustment strength along the
intensive margin. Second, we consider the firm-level distortions with a progressive feature that is
commonly observed in industrialized countries. As a result, the fraction of taxed over subsidized
firms is endogenously determined in our model. Finally, we take into account the dynamic changes
of factor prices and their corresponding general equilibrium effects as the tax progressivity changes,
whereas Restuccia and Rogerson’s study focuses on the case in which the relative prices remain
unchanged.3
The remainder of the paper is organized as follows. Section 2 describes our benchmark model
in which production is carried out by heterogeneous firms, and the household’s labor supply as
well as firms’ entry and exit decisions are endogenously determined. We then derive the optimal
conditions that characterize the economy’s stationary equilibrium prices and allocations. Section
3 quantitatively compares and contrasts the model’s steady states under alternative specifications.
Section 4 concludes.

2

The Economy

We examine a one-sector dynamic general equilibrium model that builds upon the work of Hopenhayn (1992) and Hopenhayn and Rogerson (1993) with two important departures: (i) introduction
of progressive taxation on incumbent firms’ output, and (ii) abstraction of establishment-level
productivity dynamics, as in Restuccia and Rogerson (2008), such that each operating firm’s productivity remains constant over time. Our model economy consist of a representative household,
heterogeneous firms with different levels of total factor productivity (TFP) and the government.
Households live forever, and derive utilities from consumption and leisure. Establishment firms
produce the unique consumption good with a decreasing returns-to-scale technology that is subject to a progressive fiscal policy rule whereby more productive firms face a relatively higher tax
rate. The government balances its budget each period by returning all its tax revenue to the
representative household as a lump-sum transfer.
3

Restuccia and Rogerson (2008) consider various combinations of idiosyncratic distortions that do not affect the
steady-state level of aggregate capital stock. Since labor supply is fixed in their setting, this is equivalent to setting
equilibrium prices constant.
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2.1

Households

The economy is populated by a unit measure of identical infinitely-lived households. Each household is endowed with one unit of time and maximizes its present discounted lifetime utility
max

E0

{Ct ,Nt ,Kt+1 }∞
t=0

∞
X

β t U (Ct , Nt ),

0 < Nt < 1,

(1)

t=0

where E0 (.) is the conditional expectation operator, β ∈ (0, 1) is the discount factor, Ct is consumption at date t, and Nt is the labor hours supplied to the market. The budget constraint faced
by the representative household is given by
Ct + Kt+1 − (1 − δ)Kt + Tt = rt Kt + wt Nt + Πt ,

K0 > 0 given,

(2)

where Kt is capital stock, δ ∈ (0, 1) is the capital depreciation rate, rt is the capital rental rate, wt
is the real wage, Πt represents total profits from the household’s ownership of all operating firms,
and Tt is a lump-sum transfer payment made by the government. The first-order conditions for
the household’s dynamic optimization problem are

UN (Ct , Nt )
= wt ,
Uc (Ct , Nt )
Uc (Ct , Nt ) = βEt {Uc (Ct+1 , Nt+1 )[1 − δ + rt+1 ]} ,
−

lim β t Uc (Ct , Nt )Kt+1 = 0,

t→∞

(3)
(4)
(5)

where Uc (·) > 0 is the marginal utility of consumption and UN (·) < 0 is the marginal disutility of
hours worked. In addition, (3) equates the slope of the household’s indifference curve to the real
wage rate, (4) is the standard Euler equation for intertemporal consumption choices, and equation
(5) is the transversality condition.

2.2

Firms

There are two types of firms in the economy: operating incumbents and potential entrants. Upon
payment of a fixed entrance cost ce > 0, a potential entrant will become an establishment firm i
with access to the following Cobb-Douglas production function that exhibits decreasing return-toscale:
yit = si kitα nγit ,

0 < α, γ < 1 and α + γ < 1,

4

(6)

where kit and nit are the capital and labor inputs, respectively, and si represents the firm-level
total factor productivity that is randomly drawn from an exogenously specified distribution. Since
our objective is to analyze the cross-sectoral heterogeneity among incumbent firms, we follow
Restuccia and Rogerson (2008) and postulate that the value of si is constant over time for a given
establishment.
2.2.1

Incumbent Firms

The optimal decision of an establishment firm i is hiring capital and labor services to maximize
its current profit4
max πit (si ) = (1 − τit )yit − wt nit − rt kit − cf ,

(7)

where τit the output tax/subsidy rate, yit is given by (6) and cf > 0 is the real quantity of
operational costs needed to remain in existence. Similar to Guo and Lansing (1998), we postulate
that τit takes the functional form
yt φ
) , φ ≥ 0,
(8)
yit
where y t is the average level of output produced by all establishments at period t, and the parameter
τit = 1 − (

φ governs the “slope” of the tax schedule. Using (8), we obtain the expression for the marginal tax
rate τitm , which is defined as the change in taxes paid by an incumbent firm divided by the change
in its output level, as follows:
τitm ≡

∂ (τit yit )
y
= 1 − (1 − φ) ( t )φ .
∂yit
yit

(9)

It is then immediately clear that when φ is positive, the marginal tax rate (9) is higher than
the average tax rate given by (8). In this case, the tax schedule is said to be “progressive”,
which is an empirically realistic feature in U.S. and many industrialized countries. Moreover,
establishments with output higher (lower) than y t will face a positive (negative) tax rate when
φ > 0. It follows that in contrast to Restuccia and Rogerson (2008), the fractions of incumbent
firms being taxed or subsidized in our model economy are endogenously determined. As the
baseline case for comparisons in the subsequent quantitative analyses, we also consider the “no
tax distortion” specification with φ = 0. Therefore, the parametric constraint of φ ≥ 0 is imposed
in (8).
4

Since an establishment firm’s productivity si remains unchanged over time, the decision to maximize its current
profit is equivalent to maximizing its life-time profits.
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Establishments are postulated to take into account the way in which the tax schedule affects
their production levels when they decide the amount of capital and labor inputs to employ. Consequently, it is the marginal tax rate that governs an incumbent firm’s economic decisions. Under the
assumption that factor markets are perfectly competitive, the optimal decisions for establishment
i’s choices of capital k̂it and labor n̂it are
1
# 1−(α+γ)(1−φ)
" 
γ(1−φ)
1−γ(1−φ) 
γ
α
,
(1 − φ)si1−φ ȳtφ
k̂it (si ) =
rt
wt
γ rt
n̂it (si ) =
k̂it (si ) .
α wt

(10)
(11)

Finally, we assume that all incumbents face the same constant probability of exit λ ∈ (0, 1) each
period. It follows that the discounted life-time value of an establishment firm i can be expressed
as
1−λ
Wit (si ) = πit (si ) +
Wit+1 (si ) ,
1+R


1
where πit (si ) is given by (7) and R = β − 1 is the real interest rate.
2.2.2

(12)

Entering Firms

A potential entrant makes its entry decision based on the comparison of the entrance cost ce versus
the expected post-entry value after becoming an incumbent firm with the randomly-drawn total
factor productivity si . As a result, the present discounted value of a potential entrant Wet is
Z
Wet = −ce +

max {χ̄t (si )Wit (si ) h(si )dsi } ,

χ̄t ∈{0,1}

(13)

where Wit (si ) is given by (12), h(si ) is the probability density function of si , and χ̄(si ) denotes
the optimal decision rule for an entering firm about whether to engage in production or not.
Specifically, χ̄t (si ) = 1 means that establishment i enters the market at period t and remains in
operation. Firms will continue to enter as long as Wet is strictly positive, which in turn implies
that the free-entry condition Wet = 0 will hold in equilibrium.
Using µt (si ) to denote the distribution of incumbent firms over establishment-level productivity
si in the current period, it is straightforward to derive the law of motion of producing firms as
µt+1 (si ) = (1 − λ)µt (si ) + χ̄t (si )h(si )Et .
where Et is the mass of potential entrants at period t.
6

(14)

2.3

Government

The government is postulated to balance its budget every period. Since a given distribution of
establishment-level taxes and subsidies do not necessarily lead to a balanced budget, we assume
that the government either levies lump-sum transfers or taxation Tt on the representative household. Hence, its period budget constraint is given by
Z
Tt +

τit (si )ŷit (si )µt (si )dsi = 0,

(15)

where ŷit (si ) is the optimal level of output that establishment i produces with k̂it (si ) and n̂it (si )
a la (10)-(11) as factor inputs.

2.4

Market Clearing

The equalities of demand by establishment firms and supply by households in the capital and labor
markets are

Z
Kt =

k̂it (si )µt (si )dsi ,

(16)

n̂it (si )µt (si )dsi .

(17)

Z
Nt =

Next, the economy’s total output Yt is defined as
Z
Yt =

ŷit (si )µt (si )dsi ,

(18)

and the aggregate resource constraint is given by
Ct + Xt + ce Et + cf Mt = Yt ,

(19)

where Mt is the mass of producing firms, and Xt is gross investment that is governed by the
following aggregate law of motion for capital stock:
Kt+1 = (1 − δ)Kt + Xt .

2.5

(20)

Stationary Equilibrium

As in Restuccia and Rogerson (2008), our analysis is focused on the model’s stationary competitive
equilibrium with a time-invariant distribution of productivity levels across different incumbent
7

firms. Variables without time subscripts are used to denote their steady-state values. Per the
consumption Euler equation (4), the steady-state rental rate for capital services is
r=

1
− (1 − δ) = R + δ,
β

(21)

where R represents the real interest rate (see equation 12). Given the consumption Euler equation
(4), the zero-profit equilibrium condition for entrants We = 0 will determine the corresponding real
wage rate w. From the law of motion (14), the resulting invariant distribution for the producing
establishments is given by
1
χ̄(s)h(s)E.
(22)
λ
Substituting (22) into the stationary equilibrium version of the labor-market clearing condition
µ(s) =

(17) yields
E=R

λN
,
n̂(s)χ̄(s)h(s)ds

(23)

where N is the steady-state level of aggregate labor supply. Since the establishment-level productivity is constant over time, the discounted present value of an incumbent producer at the
stationary equilibrium is
W (s) =
where ρ =

1−λ
1+R

π(s)
,
1−ρ

(24)

is the effective discount rate for establishments. Finally, the steady-state level of

aggregate consumption is given by
C = Y − cf M − δK − ce E.

3

(25)

Quantitative Results

This section quantitatively examines the long-run macroeconomic effects of fiscal policy distortions
in our model economy under parameter values that are consistent with post Korean-war U.S. time
series data. As is commonly adopted in the real business cycle literature, the household’s period
utility function is given by
U (Ct , Nt ) = log Ct − ψNt ,

ψ > 0,

(26)

where the linearity in hours worked draws on the formulation of indivisible labor á la Hansen
(1985) and Rogerson (1988). With the exception of the tax progressivity parameter φ, we take

8

on Restuccia and Rogerson’s (2008, Table 1) baseline calibration. Specifically, each period in the
model is taken to be one year with the discount factor β set to be 0.96; the capital depreciation rate
δ fixed at 0.08; and the exit probability λ chosen to be 0.1. In addition, the degree of decreasing
return-to-scale in the production function (6) is equal to 0.85, which is divided according to the
observed national income shares of capital (α = 0.283) and labor (γ = 0.567). We also set the
establishment’s operational cost cf = 0, and normalize the entrance-cost parameter ce = 1. Finally,
we reproduce Restuccia and Rogerson’s Figure 1 to approximates the probability density function
h (·) over firm-level productivities si ∈ [1 3.98] such that the resulting invariant distribution for
the number of employees at the establishment level matches with the U.S. data.
Our analyses begin with the benchmark specification, described in section 2, that exhibits
variable labor supply coupled with endogenous entry and exit decisions. We obtain the stationary
equilibrium under “no tax distortion” with φ = 0 as the basis for all subsequent comparisons, and
then consider positive levels of tax progressivity by setting φ = 0.1, 0.2 and 0.3. To explore how
adjustments along the intensive and extensive margins respectively affect the macroeconomy, we
also examine alternative formulations with fixed labor supply and/or no endogenous entry and
exit decisions.

3.1

Variable Labor Supply with Endogenous Entry and Exit

Table 1 summarizes the steady-state effects of progressive taxation within our benchmark model.
Its second column presents the stationary equilibrium levels of macroeconomic aggregates when
there is no fiscal distortion (φ = 0)5 ; and columns 3-5 report the resulting percentage changes,
relative to the undistorted counterpart, as the degree of tax progressivity increases. We find
that the economy’s total output, consumption, capital stock, labor hours, and real wage all fall
under progressive taxation. On the contrary, there are substantial increases in the numbers of
entrants and incumbents, ranging between 29 and 91 percent, when φ rises from 0.1 to 0.3. These
equilibrium outcomes result from adjustments along both the intensive as well as the extensive
margins.
5

The preference parameter ψ in (26) is set to be 2.4 such that the steady-state level of hours worked is equal to

1/3.
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Table 1. Benchmark Model: Variable Labor Supply with Endogenous Entry and Exit Decisions
φ
Relative
Relative
Relative
Relative
Relative
Relative
Relative
Relative

Y
TFP
E
M
w
K
N
C

0

0.1

0.2

0.3

1.12
1.59
0.12
1.24
1.90
2.61
0.33
0.79

-14%
-0.2%
29%
29%
-17%
-26%
-11%
-17%

-21%
-0.4%
63%
63%
-29%
-39%
-14%
-29%

-27%
-0.5%
91%
91%
-40%
-51%
-18%
-40%

Note: We report the stationary equilibrium levels when φ = 0,
and all the remaining entries are in terms of percentage changes
when φ = 0.1, 0.2 and 0.3 respectively.

To help understand the preceding quantitative results, Figure 1 plots the tax rates versus firms’
productivity levels under different tax progressivities, whereby the horizontal axis corresponds to
our distortion-free formulation. Notice that when φ > 0, the tax rate increases as the productivity
rises. In particular, below-average productive firms are subsidized whereas above-average counterparts are taxed. Under more progressive taxation, the levels of tax and subsidy rates, as well as
the proportion of firms that are taxed, all become higher. For example, the fraction of taxed firms
increases from 70% when φ = 0.1 to nearly 80% when φ = 0.3.
In terms of adjustments along the intensive margin, we note from Figure 1 that more (less)
productive firms face higher (lower) tax rates as the tax progressivity rises. This distorts the
relative prices faced by heterogeneous establishments, which in turn leads to resource misallocation
that reduces (raises) factor demands for more (less) productive firms. Figure 2 depicts firms’
truncated labor demand with different productivity levels under various values of φ 6 . It shows that
employment will move from more to less productive firms when the fiscal policy rule becomes more
progressive. This result can be understood as follows. Consistent with the U.S. data, incumbents
with lower (higher) levels of productivity in our model account for a large (small) share in the total
number of firms and a small (large) fraction of usage in productive services. It turns out that the
decrease in labor demand from more productive firms quantitatively dominate the corresponding
increase from less productive establishments. As a result, the economy’s aggregate labor, and thus
real wage, capital, output and consumption, all fall along the intensive margin.
6

To visualize the changes in labor demand across different tax progressivities, we have truncated firms’ productivity levels up to si = 2. Otherwise, the increase in labor demand would be hardly seen as the scale of the rise in
labor demand is relatively small compared to the corresponding decrease.
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Next, we examine adjustments along the extensive margin, as shown in Figure 3 with the mass
distribution of firms under different values of φ. When the tax schedule becomes more progressive,
the mass distribution of establishments moves up, which implies that the equilibrium number of
firms in operation is higher. Intuitively, our postulated fiscal policy that subsidizes below-average
productive firms will raise the expected value of an incumbent firm as the tax progressivity rises.
This in turn encourages more potential entrants to enter the market until the free entry condition
Wet = 0 is satisfied. As a result, the economy’s total numbers of entrants and incumbents, as well
as aggregate production, all increase along the extensive margin.
Overall, Table 1 shows that in response to a higher tax progressivity, the decreases in capital
and labor services from the intensive margin due to resource misallocation dominate the opposite
increases in factor demands from the extensive margin due to the expansion of producing firms.
It follows that total output and consumption will fall. Table 1 also illustrates that the measured
aggregate TFP, represented by the model’s Solow residual, remains virtually unchanged when the
tax scheme becomes more progressive. Generally speaking, the economy’s aggregate productivity
is affected by the total number of firms engaging in production as well as how productive factors
are allocated across heterogeneous establishments. As it turns out, the negative impacts on the
aggregate TFP due to resource misallocation is almost cancelled out by the positive effects from
the increase in the total number of operating firms within our benchmark specification.

3.2

Variable Labor Supply without Endogenous Entry and Exit

For the sensitivity analyses, we first shut down the extensive margin by fixing the number of
firms in operation the same as that in the steady state of our benchmark model without any
fiscal distortion, i.e. Mt = 1.24 for all t, while maintaining variable labor supply and a positive
degree of tax progressivity. Therefore, there are no new entrants entering the market and all the
adjustments will be made along the intensive margin. Table 2 reports the percentage changes in
key macroeconomic aggregates, relative to the baseline distortion-free economy (Table 1, second
column), when the tax schedule becomes more progressive and there is no endogenous entry and
exit decision.

11

Table 2. Variable Labor Supply without Endogenous
Entry and Exit Decisions
φ
Relative
Relative
Relative
Relative
Relative
Relative
Relative

Y
TFP
M
w
K
N
C

0.1

0.2

0.3

-31%
-20%
0%
-18%
-41%
-28%
-18%

-44%
-29%
0%
-31%
-57%
-37%
-31%

-54%
-36%
0%
-43%
-69%
-45%
-43%

Note: We report the percentage changes compared
to those in the second column of Table 1 when φ =
0.

Compared to the free-entry counterpart, an increase in the tax progressivity φ yields a further
leftward shift of the labor demand curve through the intensive-margin adjustments alone. It follows
that the resulting reductions in the steady-state levels of employment and real wage, as well as in
capital service and total output (by 31 to 54 percent), are relatively larger. In addition, since the
number of producing firms is postulated to be a constant within this formulation, the measured
aggregate TFP will fall (by 20 to 36 percent) in that productive resources are misallocated across
establishments. These results imply that allowing firms to freely enter and exit the market can
mitigate the negative impacts of idiosyncratic tax distortions imposed on them.

3.3

Fixed Labor Supply with Endogenous Entry and Exit

Next, we weaken the adjustment mechanism along the intensive margin by postulating the household’s labor supply to be a fixed constant (= 1/3), which is equal to the steady-state level of hours
worked in our benchmark model without tax distortions. In this case, the labor market equilibrium
condition is changed to
Z
Nt =

n̂it (si )µt (si )dsi = 1/3, for all t and φ ≥ 0.

(27)

Moreover, since productive inputs can move freely across firms and every firm faces identical
relative prices, the capital-to-labor ratio will be the same across establishments in each period. It
follows that at the model’s stationary equilibrium with fixed labor supply and constant interest
rate

12

R
n
bi (si )µ(si )dsi
r
1/3
= = R
=
,
b
w
K
k̂i (si )
ki (si )µ(si )dsi

n̂i (si )

(28)

which in turn implies that the percentage change of real wage will be identical to that in aggregate
capital stock.
Given the presence of endogenous entry and exit decisions, Table 3 shows that more progressive
taxation leads to a smaller decrease in aggregate capital (by 17.5 to 39 percent) than that in our
baseline undistorted specification. As can be seen in Tables 1 and 2 under variable labor supply,
the steady-state level of employment falls as the tax progressivity φ rises. By contrast, hours
worked always remain unchanged within the current formulation, hence they are higher than the
corresponding varying-labor counterparts. Since capital and labor are complementary factors in
firms’ production technology, the reduction in aggregate capital will be relatively lower due to a
weaker intensive margin. On the other hand, the total numbers of new entrants and operating
incumbents both increase substantially, ranging from 43 to 133 percent, because of adjustments
from the extensive margin. As in our benchmark model, the strength along the intensive margin
turns out to be quantitatively stronger, thus economy’s total output will fall by a smaller (3.9 to
11.3) percentage.

Table 3. Fixed Labor Supply with Endogenous Entry
and Exit Decisions
φ
Relative
Relative
Relative
Relative
Relative
Relative
Relative

Y
TFP
E
M
K and w
N
C

0.1

0.2

0.3

-4%
1%
43%
43%
-18%
0%
-8%

-8%
2%
89%
89%
-29%
0%
-17%

-11%
3%
133%
133%
-39%
0%
-26%

Note: We report the percentage changes compared to
those in the second column of Table 1 when φ = 0.

Per our earlier discussion, the measured aggregate TFP depends on the number of firms in operation as well as the resource allocation across establishments with different levels of productivity.
Table 3 shows that in the economy with fixed labor supply, the positive impacts from a significantly
higher number of producing firms exceeds the negative effects from misallocation of resources. As
a result, the model’s Solow residual will increase (by 1 to 3 percent) as the tax schedule becomes
13

more progressive. This finding implies that whether idiosyncratic tax distortions raise aggregate
productivity is governed by the variability of hours worked.

3.4

Fixed Labor Supply without Endogenous Entry and Exit

Finally, we examine the specification that exhibits fixed labor supply together with no endogenous
entry and exit decisions, and report the associated steady-state effects under different degrees of
tax progressivity in Table 4. Qualitatively, the economy’s aggregate output, consumption, capital
stock, real wage and measured TFP all fall when the tax schedule becomes more progressive.
Quantitatively, these decreases are smaller than those shown in Table 2 when the household’s
hours worked are endogenously determined. The intuition for this result is the same as that
discussed in the preceding subsection. Under a constant level of hours worked which weakens the
strength along the intensive margin, the magnitude for the resulting reductions in macroeconomic
variables will be relatively lower than the matching formulation with variable labor supply. Since
the total number of producing firms remains unchanged (i.e. without the extensive margin), we
also find that (i) the decreases in aggregate output, capital stock and real wage, shown in Table
4, are larger than those in Table 3 when firms can freely enter the market; and (ii) the measured
TFP will fall in that the adjustments only come from the intensive margin.

Table 4. Fixed Labor Supply without Endogenous Entry
and Exit Decisions
φ
Relative
Relative
Relative
Relative
Relative
Relative

Y
TFP
M
K and w
N
C

0.1

0.2

0.3

-11%
-4%
0%
-24%
0%
6%

-19%
-8%
0%
-38%
0%
-1%

-26%
-10%
0%
-50%
0%
-7%

Note: We report the percentage changes compared to
those in the second column of Table 1 when φ = 0.

4

Conclusion

We have analyzed the long-run general equilibrium effects of progressive taxation in an otherwise
standard one-sector neoclassical growth model with heterogeneous firms characterized by different levels of productivity. Our postulated fiscal policy rule affects key macroeconomic variables
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through the channels of both intensive and extensive margins. Along the intensive margin, more
progressive taxation shifts resources from more productive firms to less productive and subsidized
establishments. This in turn decreases the economy’s total output, consumption, capital stock,
labor hours and real wage. Along the extensive margin, the expected value of an incumbent firm
becomes higher as the tax progressivity rises. This encourages more potential entrants to enter the
market, thus raises the total number of firms in operation as well as aggregate production. In the
benchmark model with variable labor supply together with endogenous entry and exit decisions,
we find that the adjustment effects from the intensive margin associated with resource misallocation quantitatively dominate those from the extensive margin due to an expansion of producing
firms. On the other hand, the measured aggregate TFP remains virtually unchanged when the
tax schedule becomes more progressive. To obtain further insights about these results, we also
examine alternative specifications with fixed labor supply and/or no endogenous entry and exit
decision. Our analyses show that the quantitative implications of progressive taxation are sensitive
to the variability of hours worked and the presence of entry regulations.
This paper can be extended in several directions. For example, progressive taxation may distort firms’ technology adoption decisions, and thus reduce the aggregate productivity. In addition,
financial frictions might as well affect resource misallocation and the entry decisions of potential
firms. Hence, the interplay between different distortions and their consequent impacts on macroeconomic aggregates would be worth exploring. Finally, while this paper analyzes the effects of
within-sector distortions at the firm’s level, cross-sector frictions may also play an important role
within a macroeconomy. We plan to pursue these research projects in the future.

15

References
[1] Armenter, Roc and Amartya Lahiri (2007), “Endogenous Productivity and Development Accounting,” unpublished manuscript, UBC.
[2] Barseghyan, Levon (2008), “Entry Costs and Cross-Country Differences in Productivity and
Output,” Journal of Economic Growth 13, 145-167.
[3] Barseghyan, Levon and Riccardo DiCecio (2011), “Entry Costs, Industry Structure, and
Cross-Country Income and TFP Differences,” Journal of Economic Theory 146, 1828-1851.
[4] Boedo, Hernan Moscoso and Toshihiko Mukoyama (2012), “Evaluating the Effects of Entry
Regulations and Firing Costs on International Income Differences,” Journal of Economic
Growth 17, 143-170.
[5] Buera, Francisco J., Joseph Kaboski and Yongseok Shin (2011), “Finance and Development:
A Tale of Two Sectors,” American Economic Review 101, 1964-2002.
[6] Buera, Francisco J. and Yongseok Shin (2013), “Financial Frictions and the Persistence of
History: A Quantitative Exploration,” Journal of Political Economy 121, 221 - 272.
[7] Caselli, Francesco and Nicola Gennaioli (2013), “Dynastic Management,” Economic Inquiry
51, 971-996.
[8] Guner, Nezih, Gustavo Ventura and Xu Yi (2008), “Macroeconomic Implications of SizeDependent Policies,” Review of Economic Dynamics 11, 721-744.
[9] Guo, Jang-Ting and Kevin J. Lansing (1998), “Indeterminacy and Stabilization Policy,” Journal of Economic Theory 82, 481-490.
[10] Hansen, Gary D. (1985), “Indivisible Labor and the Business Cycle,” Journal of Monetary
Economics 16, 309-327.
[11] Hopenhayn, Hugo A. (1992), “Entry, Exit, and Firm Dynamics in Long Run Equilibrium,”
Econometrica 60, 1127-1150.
[12] Hopenhayn, Hugo A. and Richard Rogerson (1993), “Job Turnover and Policy Evaluation: A
General Equilibrium Analysis,” Journal of Political Economy 101, 915-938

16

[13] Hsieh, Chang-Tai and Peter J. Klenow (2009), “Misallocation and Manufacturing TFP in
China and India,” Quarterly Journal of Economics 124, 1403-1448.
[14] Khan, Aubik and Julia K. Thomas (2008), “Idiosyncratic Shocks and the Role of Nonconvexities in Plant and Aggregate Investment Dynamics,” Econometrica 76, 395-436.
[15] Largos, Ricardo (2006), “A Model of TFP,” Review of Economic Studies 73, 983-1007.
[16] Restuccia, Diego and Richard Rogerson (2008), “Policy Distortions and Aggregate Productivity with Heterogeneous Establishments,” Review of Economic Dynamics 11, 707-720.
[17] Rogerson, Richard (1988), “Indivisible Labor, Lotteries, and Equilibrium,” Journal of Monetary Economics 21, 3-16.

17

Figure 1. Tax Rates versus Firms’ Productivity
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Figure 2. Intensive Margin: Truncated Labor Demand
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Figure 3. Extensive Margin: Mass Distribution of Producing Firms
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