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Abstract

We construct a monopolistic competition model considering different markups across industries
and firm-level heterogeneity of productivity. An excess entry occurs in low-markup (competitive)
industry, and vice versa in high-markup (non-competitive) industry. To achieve the optimum alloca-
tion, a social planner should implement an appropriate mix of policies, whose requirement is tighter
than the homogeneous-firm model under some situations. The total amount of optimum subsidy (tax)
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1 Introduction

Empirical studies substantiate noteworthy differences in both industry-level and firm-level. Aghion et
al (2005) and Epifani and Gancia (2011) demonstrate that the monopolistic power (price-cost margins),
hence the degree of market competition, varies widely across industries. Foster, Haltiwanger and Krizan
(1998) shows that firm-level productivity largely differs even in the same industry. In the theoretical
context, Melitz and Redding (2015) emphasizes afresh the effect of endogenous firm selection, which
comes from firm-level heterogeneity, for welfare analysis.

Thus in this paper, we construct a monopolistic competition model considering different markups
across industries and firm-level heterogeneity of productivity intra-industry. Then we analyze welfare
and policy implications. Our model shows that an excess entry occurs in low-markup (competitive)
industry, and vice versa in high-markup (non-competitive) industry, which is consistent with the result of
the homogeneous-firm model as Dixit and Stiglitz (1977) and Epifani and Gancia (2011). To achieve the
optimum allocation, a social planner should implement an appropriate mix of policies, whose requirement
is tighter than the homogeneous-firm model under some conditions. This comes from an endogenous
selection of firms, which is the key property of Melitz-type model. The intuition is as follows: if there
are excess firms in low-markup industry, a social planner imposes some tax in this industry to reduce
the number of firms. However this tax relaxes the competition, which can lower the productivity cutoff
when it is determined endogenously. In this case, low-productivity firms, which should not participate
in production from the point of social optimum, begin to produce. To make them exit, a social planner
should impose another instrument.

Our paper is related to two standard literatures. The one is literatures studying welfare and policy im-
plications using a model where the markup differs across industries. Dixit and Stiglitz (1977) constructs a
model with a monopolistic competitive industry and a perfect competitive industry, and shows that excess
resources are allocated in the perfect competitive industry. Bilbiie, Ghironi and Melitz (2006) considers a
model with endogenous labor supply, and shows that a misallocation is caused by the non-synchronization
of markups on consumption and leisure. Epifani and Gancia (2011) analyzes a monopolistic competition
model considering different markups across industries. However these models do not consider firm-level
heterogeneity. We consider not only industry-level heterogeneity but also firm-level heterogeneity.

The other is literatures studying welfare and policy implications using Melitz-type model, which



is firstly presented in Melitz (2003). Although Melitz and Redding (2015) shows that a social optimal
allocation coincides with a market equilibrium and that a policy intervention is not needed in basic Melitz
model, deviating from the assumption of basic Melitz model causes a resource misallocation. We divide
the causes of misallocation into three types. The first type of the cause is markup heterogeneity across
goods. If markups of some goods are lower than others, excess resources concentrate on low-markup goods.
Demidova, Rodriguez-Clare (2009) and Jung (2012) consider Melitz-type model in a small open economy.
They show that the resource misallocation is caused by the non-synchronization of markups on domestic
goods and imported goods, and that governments of small country have incentive to implement some
policies to improve their welfare. The second type of the cause is static externalities. Even in basic Melitz
model, there are some static externalities. However in this case, “consumer surplus effect” and “profit
destruction effect” are identical because of the property of CES utility form and monopolistic competition.
Then deviating from these assumptions causes a misallocation. Jung (2015) shows the misallocation and
the necessity of policy intervention by studying Melitz-type model with CES-Benassy ustility. Dhingra
and Morrow (2014) examines Melitz-type model with VES (variable elasticity of substitution) utility
where an elasticity of utility and an elasticity of marginal utility are not constant, and shows that the
market equilibrium is not optimum. The third type of the cause is dynamic externalities. If, for example,
there is some positive (negative) spillover in R&D activity, excess resources are allocated to production
(R&D) sector in the BGP equilibrium. Baldwin and Robert-Nicoud (2008) and Unel (2010) construct
dynamic Melitz-type model, and studies welfare and policy implications. Besides, a policy maker has an
incentive to implement some instrument for the purpose of strategy. Felbermayr, Jung, and Larch (2013)
and Pfluger and Suedekum (2013) construct Melitz-type model in an open economy model consisting
two large countries, and show that non-cooperative governments of large country have an incentive to
encourage domestic firms.

Our purpose to analyze in this paper is categorized just in the first type. We construct a model with
two monopolistic competitive industries which differ in monopolistic power (the degree of competition).
To concentrate our attention on the “heterogeneous markup distortion,” we assume CES utility form
and monopolistic competition, and we focus our analysis on statics. In the Appendix C, we consider
Melitz-type model with endogenous labor supply, and show that this setting is the special case in our

model.



Related literatures discussed above use various instruments to improve welfare.! It seems that these
instruments have different effects on endogenous variables in their model. Thus, we consider various
instruments in our model. Some instruments, consumption subsidy (tax) and sales tax, affect only
the number of entry. Other instruments, production subsidy (tax) and operating profit tax, affect two
endogenous variables: the number of entry and the quantity of production. The other instruments,
entry fixed cost subsidy (tax), operating fixed cost subsidy (tax) and ordinary profit tax, affect three
endogenous variables: the number of entry, the quantity of production and the productivity cutoff. And,
we find some ways to achieve the first best equilibrium by mixing these instruments appropriately. These
optimum policies depend on whether lump-sum transfer (tax) is available, and whether the productivity
cutoff determines endogenously.

The rest of this paper is structured as follows. Section 2 describes the model. Section 3 derives the
market equilibrium, and Section 4 describes the social optimum allocation. We analyze policy implication
in Section 5, and discuss the differences from homogeneous-firm model in Section 6. Section 7 provides

concluding comments.

2 Model

In this paper, we focus on one-shot and closed economy. We normalize the wage rate as the numeraire.
The number of representative households is exogenously given normalize as unity. They supply one unit

of labor inelastically. The utility of them is given by:

71 _p=1 o2 _p=17 577
ni o1—1 p na Go—1 p
. g1-1 . . g2-1 .
U=|u / (21 (7)) 5 dj e / (22 () %7 dj , (1)
0 0

where z; (j) is the consumption of differentiated goods of firm j in industry i, n; is the number of

producing firms in industry 4, p > 1 is the elasticity of substitution between industries, and ~; is a

I'Demidova and Rodriguez-Clare (2009) considers consumption subsidy, export subsidy, and import tariff. Jung (2012)
considers entry fixed cost subsidy and operating fixed cost subsidy. Felbermayr, Jung and Larch (2013) consider imported
tariff. Pfluger and Suedekum (2013) consider entry fixed cost subsidy and operating profit tax. Jung (2015) consider
operating fixed cost subsidy (tax).



parameter.?:> And o; > p is the elasticity of substitution in industry 4, which determines markup.*
ni

Representative households maximizes (1) under following budget constraint [ s{pi (j)z1 (j)dj +
0

c

no
[ s5p2(§) z2 (j)dj = E, where p; (j) is the price of firm j in industry i, s§ is the consumption sub-
0

sidy (tax) in industry ¢ when s < 1 (s > 1). E is the aggregate expenditure, which satisfies £ =1+ T,
where T is the lump-sum transfer (tax) when 7" > 0 (T' < 0). Then the aggregate demand function is

derived as

0= (mw) (7)) 0rF @

ng

where P; = | Mg [ (s5p; ()" da} s the price index i industry &, and P = [(1)” ()" 4 (32)” (P2) "V

0

is the price index.?

We consider three policy variables related to cost: entry s§, operating sf, and production s?”. When
s <1 (s> 1), the policy is subsidy (tax). Each differentiated goods are produced by producing firms,
which has heterogeneous producing technology. Initially, they must hire f£ unit of labor (they pay s¢ ff),
and draw a productivity from a distribution G; (¢). Producing firms in industry ¢ having productivity ¢
must hire éxt (¢) + f2 unit of labor (they pay %sfxl (@) + s2f4) to produce x; (¢) unit of goods, where

fid is the operating (overhead production) fixed cost in the domestic market.

Then the ordinary profit is expressed as m; (¢) = = (Sipl (¢) — %) z; (¢) — sife, where s > 11is

s 19
the sales tax and s;” > 1 is the operating profit tax. They choose monopolistic price to maximize their

ordinary profit as follows:®

3)

p

where s;'s7 —%= is the markup from the firm’s point of view in industry 4, which rises with s? and sf. In
i

our setting, the markup is not same across industries, which causes a misallocation.

2When p = 1, a relationship between industries is Cobb-Douglas form, and ; expresses the market share of industry 4.
When p > 1, a relationship between industries is CES form, and the market share of industry 7 is expressed endogenously

-1
w (£) o
There are some papers using such CES-CES utility form: Devereux and Leem (2001), Doi and Mino (2005), Kuch-
eryavyy, (2012), Lewis and Winkler (2015).
We examine the situation where the markup differs across industries, the productivity differs across firms, the rela-
tionship between industries is CES form and the utility of each industries is also CES form.

n; o;—1 P
2 A 7

o
5Note that P; is the minimum expenditure to satisfy [f (zi (3)) o0 dj =1, and P is the minimum expenditure
0

to satisfy U = 1.
6We assume that firms do not consider the influence on the price index (we assume a monopolistic competition).



Because of the existence of the operating fixed cost, producing firms in industry ¢ having low pro-
ductivity such as ¢ < c/)f choose not to operate, where productivity cutoff, (b‘f, is derived from following

zero-cutoff condition:

o (69) =0, (4)

i

where s9" > 1 is the ordinary profit tax.

We assume free entry, then the expected after-tax ordinary profit equals the entry fixed cost as follows:

d);nax
1
| i @)d6: ) =gt 5)
ot
Labor is demanded by entry, operating and production. Labor supply is exogenously given as unity.

The labor market clearing condition is:

.
S MESE 4 [1— Gy ()] MESE+ M / éxiw)da(@ Y (6)
i=1,2 b

where M{ is the number of entry in industry 4, and n; = [1 — G; (¢f)] M¢ is satisfied.

3 Market equilibrium

In this section, we derive the market equilibrium (ME). From (2), (3) and (4), the ordinary profit of firms

in industry i having productivity ¢ is expressed as m; (¢) = s¢f¢ {((g)ﬂa:ll — 1} Substituting this into
(5) yields
b7 oi—1
I (5%e)" dGi(9)
b ME i s6g0T f€
{1 - Gz (qui,ME)} i 1\ == dz dz . (7)
o]

This equation determines the market equilibrium value of productivity cutoff, ¢¢.” The productivity
cutoff rises with s¢, whereas falls with s¢ and s¢". The same degree of change in s¢ and s¢ (s¢ and s¢")

does not affect ¢¢.

“In Appendix A, we derive the explicit solution by imposing specific assumption.
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Substituting (3), (2) is expressed as x; (¢) = (Po) * 105\/[; D (n)°E e max (4) (07 — 1), and
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o
the ordinary profit is expressed as m; (¢) = (P")_(p_:APJ;_I(W)pE stélmsf s (¢)7i 7! — sffid. Substitut-
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of
ing this expression of ordinary profit into (5) yields
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Substituting (8) into the demand function, the production of firms in industry 7 having productivity

¢ is expressed as follows:

eV () = {1 G (0] + st 17} Sy e D (0 1), 0

[ (@)7 1 dG; (4)
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The production of firms in industry i increases with s¢, s¢, s¢", s, whereas decreases with s?, and is
not affected by s¢ and s;.8

Dividing (8) of industry 1 by that of indusry 2, we obtain following relationship of the number of

entry:

p—1
(p]luax o1 —1
. 1
e 9P I el Dacy (¢)
M&MEY) o =1 c.Ps p{[1—G2(fbg’ME)}sg.fg-%—?Se‘g”f§ -2 4, ME
17_<01*1 oy 5285353 sh (oa—1)\ ()" 41 (10)
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d

7

€

s, s, 897, 577 and sP. (6) and (10)

The relative numbers of entry in industry ¢ decreases with s, s 2, 8", s,

determine the market equilibrium value of the number of entry, M¢.”?

8Various instruments affect x; (¢) through two channels. The one is through the market share of firm j in industry 4,

i o;—1 (p—1) o;—1 1. .
(75?;5?(@) (P%) (1) E = {sdfA 1 — G; (¢3)] + s¢somfe} s¢s3siPo; e (¢) . Subsiding (taxing) s,
[ (#)7i71dG(9)
pdME
s;-i, sg, 897, sfp and s? induces (impedes) competition, and decreases (increases) the market share of firm j in industry ¢, which

decreases (increases) x; (¢). The other is thorough the price from the household’s point of view, s¢p; (¢) = sSst's$ ojil ;

Subsiding (taxing) s§, s¥ and s{ drops (raises) the price from the household’s point of view, which increases (decreases)

z; (¢). A change in s§ or s7 have above two opposite effects, and completely offset each other.

9When p = 1, the market share in each industry is exogenously given, and the ratio of the numbers of entry is
ap _ B {[1oCa (98 M) [ s s begeg ss febadres ng) s¢ 57 5% and s° i
expressed as 77+ = . Subsiding (taxing) s¢, s¢", s;” and s? increases (decreases)
Mg o1 {{17G (¢dyME)}Sdfd+seso7'fe}scsopss ) 71 @ @
BT 1{%1 1/1 75181 J1f8181 91

the expected operating profit in industry 4, which induces (impedes) entry, and increases (decreases) the relative numbers
of entry in industry 4. Subsiding (taxing) s¢ and s¢ decreases (increases) the expected fixed cost, which induces (impedes)
entry, and increases (decreases) the relative numbers of entry in industry é. When p > 1, the market share in industry i is
now endogenous. Subsiding (taxing) s¢, s and s? drops (raises) the price index in industry ¢, which increases (decreases)
the market share in industry ¢ and increases (decreases) the expected operating profit in industry . Then this increases
(decreases) the relative numbers of entry in industry 3.



4 Social optimum allocation

In this section, we derive the social optimal allocation (SO). A social planner allocates resources to

maximize (1) such as:19

gmax - T gmax _ el K
max U= 1m [ [ (@1 ()™ dG1 (9) +72 [ (z2 () 2 dG2 (9)
zi($), 05, M7 b b4
s.t. > {Mfff +[1 =Gy (of)] Mg fif + Mg ?éxi (¢)dG; (¢)} <1
i=1,2 4
(11)
Solving this problem yields
L oi—1
I (5%)" dGi(o)
d,50 ¢i%C i
[1 -G (<z>i )} [1 e (#SO)} -1, = 7 (12)
259 (0) = {[1- G (68°0)] 54 1} o (- 1), (13)
J (@)7 7 dG; (9)
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=t [ ()77 dGi(¢)
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5 Policy implication

5.1 Comparison between the market equilibrium and the social optimum

allocation

To begin with, we make a comparison between the market equilibrium and the social optimum allocation

under laissez-faire economy (s¢ = sé = s¢ = s = 5" = s¥ = 58 = 1). From (7) and (12), ¢>MF =

10Tn the appendix B, we derive this maximization problem in detail.



¢f’so,i = 1,2 is satisfied. Moreover, from (9) and (13), we obtain M¥ (¢) = 279 (¢),VYe,i = 1,2.

%

MGVME e, SO
1

However, from (10) and (14), LeTE > pbso 1S satisfied when o1 > 09. From n; = [1 -G (¢f)] Mg,
2 2

nIME SO

n}\w > Zlﬁ is also satisfied when o1 > 02. Then we get the folowing proposition:
2 2

Proposition 5.1. When the markup differs across industries and the productivity differs between firms,
the quantity of firms’ production and the productivity cutoff are optimum. However, the number of entry
and the product variety are excess in low-markup (competitive) industry, and vice versa in high-markup

(non-competitive) industry.

This proposition suggests that intra-industry allocation is optimum, whereas inter-industry allocation
is suboptimum. The former result is reflected our assumption; CES utility form, and monopolistic
competition.!! The latter result is caused by markup heterogeneity, which is consistent with “the Lerner-

Samuelson intuition” saying that synchronization of markup is needed for efficiency allocation. 2

5.2 Optimum policy with lump-sum transfer (tax)

Next, we want to find the optimum policy to achieve the first best equilibrium. First of all, we consider

the situation where the lump-sum transfer (tax) is available. From (7) and (12),

e
2% 1 (15)

d,ME

must be satisfied to achieve ¢, = d)?’SO. Since the productivity cutoff is optimum in the market
equilibrium, a social planner should choose instruments so as not to affect ¢¢. Then the same degree
of change in s¢ and s¢ or (s and s¢") are required if (s)he adopts the policy related to operating fixed
cost, entry fixed cost and ordinary profit. The intuition is as follows: If, for example, a social planner
subsidizes only entry fixed cost, the number of entry increases. This tightens competition, which raises
productivity cutoff. Then not high-productivity firms, however which should participate in production

from the point of social optimum, decide not to produce goods. Therefore, in order to make them operate,

a social planner should subsidize operating fixed cost too.

HDeviating from the assumption of CES utility form or monopolistic competition distorts intra-industry allocation. Jung
(2015) considers CES-Benassy utility, and Dhingra and Morrow (2014) considers VES utility with Melitz-type model. In
their model, an intra-industry resource allocation is suboptimum because “consumer surplus effect” and “profit destruction
effect” is not equal. Considering other settings analyzed in homogeneous-firm model such as translog utility (as in Feenstra
(2003)) and oligopolistic competition in prices or quantity (as in Lewis and Winkler (2015)), one should find that these
factors make intra-industry allocation suboptimum.

12See Bilbiie, Ghironi and Melitz (2006, p15) for details.



From (9) and (13),

op

{1 (687) ] stat + it} 2 = [1 - Gu (689 | 11 (16)

5y

must be satisfied to achieve zME (¢) = 27¢ (¢). Since the quantity of firms’ production is also optimum

in the market equilibrium, a social planner should choose instruments so as not to affect z; (¢). Then

the same degree of change in s{¥ and s?, (s¢, s¢ and s?) or (s¢, s¢" and s) are required if (s)he adopts
the policy related to operating fixed cost, entry fixed cost, production cost, operating profit and ordinary

profit. 13

From (10), (14), (15) and (16),

cPcs
o1 —1 o9 555,55

=1 (17)

cPcs
o1 02— 1s{s]s]

must be satisfied to achieve M&™MF = Mf’so. This condition is equivalent to s$p; (¢) = s5p2 (¢) Vo,
which says that synchronization of the price from the household’s point of view is needed for efficiency
allocation. 4

(15), (16) and (17) are a necessary condition to achieve the optimum allocation. Since we consider
various instruments, there are some options to achieve the first best equilibrium. Hereafter, we assume
that industry 1 is more competitive than industry 2, g1 > o9, for convenience’ sake.

The first instrument is using a consumption subsidy (tax). Since consumption subsidy (tax) does not
affect the productivity cutoff and the quantity of firms’ production, a social planner can achieve the first

best equilibrium controlling only consumption subsidy (tax) to synchronize the price from the household’s

point of view by imposing the consumption subsidy (tax) in noncompetitive (competitive) industry as

e _ 9P _ cor _ P _ s _
5 . s{=s8{=s5 =5 =s57=57=1
=0 >1 (18)
2
sd=s5=s =5 =sh=s5=1

As far as (18) is satisfied, we can also achieve the first best equilibrium to intervene only one industry

(i.e. the first best equilibrium can be achieved by setting s{ = "}T—jl so27 and s5 = 1).15

13See footnote 8.

141t is worth emphasizing that the first best equilibrium can be achieved even when the markup from the firm’s point of
view, s¥s%-Zi- is not synchronized.

150ne can easily generalize this point that a social planner must intervene in K — 1 industry to achieve the first best

? %1% oy —10



The second instrument is using a sales tax. Since the sales tax does not affect the productivity cutoff
and the quantity of firms’ production, we can achieve the first best equilibrium controlling only sales
tax to synchronize the price from the household’s point of view by imposing the sales tax in competitive

industry as

R (19)

The third instrument is using a production cost subsidy (tax). Since the production cost subsidy
(tax) increases (decreases) the quantity of firms’ production, a social planner must control not only
the production cost subsidy (tax) to synchronize the price from the household’s point of view, but also
other instruments not to make the quantity of firms’ production suboptimum. One way to control
firms’ production is using an operating profit tax, which increases the quantity of firms’ production. To
synchronize the price from the household’s point of view, a social planner imposes production cost tax in
competitive industry. However, this raises the price, which decreases the production. Then in order to
keep the firms’ production optimum, (s)he also imposes the operating profit tax as

c d e or s
s{=s8{=s{=s{"=5]=1
sf=sP =l 25 (20)

a1 0'271
c _ od _ qe _ O
82—82—32—82

P _ or — P _ o5 _
=359 =5y =55 = 1.

Since the same degree of change in s¢ and s¢ (s¢ and s¢") has equivalent effect to the change in s;¥

, we
can achieve the first best equilibrium by controlling the operating fixed cost subsidy (tax), the entry fixed

cost subsidy (tax) and the ordinary profit tax instead of the operating profit tax as

d_ e _ P cC _ 0P _ or _ o5 _
o . s$7 = 87 = 57 s{=s5; =57 =s7=1
7%7:0'1 0’21>1 (21)
82 o1 g2 —
d _ qe _ P C __ 9P _ cor _ o8
85 = S5 = 85 85 =8y = 83" =55 =1,
s§=s¢=5"=55=1
D d or o1—=1_o2 ! 1 ! !
s1=81 =87 = %51 >1 ) (22)
c _ o€ — 9P _ cor _ P _ s _
85 = 89 = 85 = 59 59 Sy =385=1

equilibrium when the number of industry is K.

10



Moreover, there are other ways to obtain the first best equilibrium by mixing above policies appro-
priately. For example, a social planner can achieve the optimum allocation by imposing the sales tax in

competitive industry, and imposing the consumption subsidy in noncompetitive industry as

. sf=sl=s{=s =5" =57 =1
e I (23)
85 o1 og—1

d e _ 0P _ cor _ P _ s _

85 =385=258y =385 =5y =355=1

Proposition 5.2. When the markup differs across industries, the productivity differs between firms
and the lump-sum transfer (tax) is available, the first best equilibrium can be achieved by implementing

following instruments:

Imposing the consumption subsidy (tax), s§, in noncompetitive (competitive) industry.

o Imposing the sales tax, s, in competitive industry.

e Imposing the production cost taz, st, and the operating profit taz, si¥, in competitive industry.

e Imposing the production cost subsidy (taz), s¥, the operating fized cost subsidy (taz), s¢, and the

entry fized cost subsidy (tax), s¢, in noncompetitive (competitive) industry.

77

e Imposing the production cost taz, st, the operating fized cost taz, sf, and the ordinary profit tax,
s97, in competitive industry.

7

e Mixing policies appropriately.

5.3 Optimum policy without lump-sum transfer (tax)

In the previous subsection, we allow the lump-sum transfer (tax). However in practice, this assumption
seems not to be feasible. Thus in this subsection, we find the optimum policy to achieve the first best
equilibrium under the situation where the lump-sum transfer (tax) is not available. In this subsection,

we focus on the case of p = 1 to obtain explicit results.

11



As we consider various instruments, the lump-sum transfer (tax) is expressed as

o
(sf—1) f pi (¢) wi (6) dGy (¢) + (sf — 1) [1 = Gi (&f)] £ + (s = 1) f7
[ o
T=3 M +(1fsl%) J (m(¢>>+s§ff)d0i<¢>+(1—si%) | ml@)dGi(e) b (24)
i—1,2 o &
o7 i
(-1 [ e (@)dGi(0)+ (1-%) [ pi(0)wi(6)dCi(9)
¢ e

If the lump-sum transfer (tax) is not available,

T=0 (25)

must be satisfied. Then four necessary conditions, (15), (16), (17) and (25), should be satisfied in order
to achieve the optimum allocation.

Even when the lump-sum transfer (tax) is not available, there are some options to achieve the first
best equilibrium.'® The first instrument is imposing the consumption tax in competitive industry, and

imposing the consumption subsidy in noncompetitive industry satisfying

c _ o1—1 d _ge _ 9P _ cor _ P _ o5 _
51 = “o (’y 0171—1—7202 1)>1 s{ =s] =35 s =87 =s5]=1

_ o2—1 d _ se _ 0P __ or __
55 = F- ('y 01_ +7202 1)<1 S5 =385=35y =389 =35

The second instrument is imposing the production cost tax, the operating fixed cost tax and the entry
fixed cost tax in competitive industry, and imposing the production cost subsidy, the operating fixed cost

subsidy and the entry fixed cost subsidy in noncompetitive industry satisfying

P __ d__ e o1—1 o1 o2 op or _ oS __
§1 =81 =51 =", (7101_14—7202_1) >1 si=s =s7"=s7=1
(27)
P __ .d_ .e o2—1 _
Sy = 85 = 55 = T ('y ey e e e 1)<1 85 =158y =385 =s5=1

If the lump-sum transfer (tax) in not available, the requirements for optimum allocation become
tight.!” And if we use instruments which cannot be the form of subsidy, we cannot achieve the first best

equilibrium in the same way like as (19), (20) and (21). However, mixing polices appropriately enable us

16We implicitly assume that the sales subsidy, the operating profit subsidy and the ordinary profit subsidy are not
available. However, if these instruments are available, there are more instruments to obtain first best allocation where the
lump-sum transfer (tax) is not available.

17Compare (18) and (26) ((22) and (27)).
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to achieve the optimum allocation. For example, we can achieve the first best equilibrium by imposing
the sales tax in competitive industry, and imposing the production cost subsidy, the operating fixed cost

subsidy and the entry fixed cost subsidy in noncompetitive industry as

s _ o1—1 g1 [eD) c _ d_ e _ 0P _ or _ P _
1= o1 (7101—1+7202—1)>1 sf=s{=s1=s; =s7"=s51=1
(28)
P _ d__ e _ o2—1 g1 o2 c _ 0P _ or _ o5 __
sp=sy=s5="3"(mzt7Trsa) <l 85 =8y =85 =s5=1

Proposition 5.3. When the lump-sum transfer (taz) is not available, the requirement for optimum
allocation is tighter than the case where the lump-sum transfer (tax) is available. Even so, the first best

equilibrium can be achieved by imposing instruments appropriately.

6 Comparison with homogeneous-firm model

Finally, we discuss the differences from the homogeneous-firm model. In the homogeneous-firm model,
the productivity in industry i is identical and exogenous, ¢;, and the proportion of the number of variety

to the entry is also exogenously given, [1 — G (¢;)]. Then (9) and (13) change as

M (9) = {[1 = Gi (&:)] sLfid + sesy fe} S s (00— 1)

(29)
259 (@) = {[1 = Gi (@) f&+ f¢} bi (00 — 1).
And, (10) and (14) also change as
(MlewME)% _ (0’1*1 o2 sgsgs;‘;)p {[lfaz(éz)}sgngrS;Sgrf;}??pp <0271) (ﬂ)p (ﬁ)p_l
R C = IR & GO eNES PR E VAV (30)

(rps0)ea=t  {[1-Ga ()]st firstsgrp} B \TTH AT A0

_ S0P
(oS e (0
p |

In the following, we consider two questions by comparing the heterogeneous-firm model and the
homogeneous-firm model. The one is whether the requirement to achieve the first best equilibrium
differs. The other is whether the total amount of subsidy (tax) to achieve the optimum allocation differs.

We will begin by considering the former question. In the homogeneous-firm model, from (29),

op
{[1 = Gi (6:)] s? i+ 55577 f5} Zip =[1-Gi(d:)] fH+ ff (31)

i
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must be satisfied. From (30), (17) must be satisfied. Then two necessary conditions, (17) and (31),
should be satisfied in order to achieve the optimum allocation. The most important difference between
the heterogeneous-firm model and the homogeneous-firm model is the existence of endogenous firm selec-
tion (the existence of equation (7) and (12), hence the condition (15)). In the heterogeneous-firm model,
the productivity cutoff and the average productivity are determined endogenously. Then a government
intervention, even when this policy seems to be desirable, can create another distortion through endoge-
nous firm selection. To control this distortion, tighter restriction is required than the homogeneous-firm
model. In particular, it is noteworthy when we use instruments affecting productivity cutoff: s¢, s¢, and

s¢7. In the homogeneous-firm model, (21) and (22) change as

a_ sH{[1=Gi(d0)] i+ 11} —s5 f5 e L
sf _o1—1 o2 1 s1 = [1*G1(<231) fi Si =5 = Sflw — Si -1 (32)
T Top o1 §
85 o1 op—1 sd — Sg{[l—G2(¢2)]f§i+f§}—s;f§ o O gor gt 1
z [1*G2(¢;2) g 3 =8y =89 =85 =1,
- op s
st{[1=Gr (60| i+ 41} =507 f1 s¢=s¢=sP=s5=1

P _ o1—1 oo d _
s =2—=-"2->1 s{= =
1 —1 1 _ d
i [1 G1(¢1)]f1 c d e op or P s

52:32282252 252 252252:1.

(33)

Note that the optimum conditions of heterogeneous-firm model, (21) and (22), are included by those
of homogeneous-firm model, (32) and (33). Thus, the necessary condition of heterogeneous-firm model
becomes tight than the homogeneous-firm model. Then in the homogeneous-firm model, we can achieve
the optimum allocation by using instruments by which we cannot achieve the optimum allocation in the

heterogeneous-firm model. For example, we can achieve the first best equilibrium to control only s? and

o1—1 oo
o1 oz2—1

SS{1=G1 (60| i+ 11} 11

d_
and s{ = [i=Gi (o )]77

sd by setting s} =

Proposition 6.1. When firms’ productivity is heterogeneous, the requirement for optimum allocation is

tighter than the case where firms’ productivity is homogeneous.

Next, we shall consider the latter question about the total amount of optimum subsidy (tax). From
.
(24), the lump-sum transfer (tax) is a function of M¢, [ p; (¢)z; (¢) dG; (¢)
¢

max max
o8 &3

N (pi)f(pfl)p(pfl)(%)pE 1
- e

(]
i Si

- cP a5
i Ji  5;8;5; e $;8i Si
7

f él’z (¢)dG; (¢) = (Pi)_(p_l)l\lj[(:_1>(“/i)pE oi—1__ 1 and ]‘ i (8) dG; (¢) = (Pi)_(p_;)il]\:z;l(%)pE I T
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For the present, we shall confine our attention to the case where the elasticity of substitution between
industries is unity: p = 1. From (10) and (30), as long as the proportion of the number of variety

to the entry is identical: [1 -G, (gb?’ME)} = [1-Gi(¢)] ML of the heterogeneous-firm model is

bl M;
(p;uax
also identical with that of the homogeneous-firm model. Moreover, [ p; (¢)z; (¢)dG; (¢) = }}IES%,
¢;i T k2

g g
iE 7;—1 _ iE .

fd %.’I;’L (¢> dGz (d)) = ’]Y\/[f stlf;sf O'O_i s and J; i (¢) dGrL (¢> = U’:Mf 781?5%?85 — Stzifzd [1 — G,L (d);‘l)] are 1n-

dependent from the property of distribution as long as M/ is not affected by it. Therefore, the property

of distribution does not affect the total amount of subsidy (tax) when p = 1.

Once we generalize the assumption of the elasticity of substitution between industries: p > 1, however,

¢max
i

%g of the heterogeneous-firm model is now dependent on the property of distribution: [ (gb)a"’_l dG; (9).
2

Then ]\1\2: of the heterogeneous-firm model does not coincide with that of the homogeneous-firm model un-

L . citt o b o
less fd (¢)7"7 " dG; (¢) = ¢; is satisfied by chance. Moreover, fd pi (¢) z; (¢) dG; (¢), fd éxi (¢)dG; (¢),

% b %

qb?)ax
and [ m; (¢)dG; (¢) are influenced by the property of distribution through the price index. Thus the

¢

total amount of subsidy (tax) is dependent on the property of distribution when p > 1.

Proposition 6.2. Although the property of the distribution does not affect the total amount of subsidy
(taz) to achieve the optimum allocation when the elasticity of substitution between industries is unity,
it affects the total amount of subsidy (tax) when the elasticity of substitution between industries is more

than unity.

7 Conclusion

We analyzed the situation where the markup differs across industries with considering firm-level hetero-
geneity. As Melitz and Redding (2015) emphasized, we found the situation that the effect of endogenous
firm selection plays the important role for welfare analysis when we consider the production cost subsidy
(tax), the operating fixed cost subsidy (tax) and the entry fixed cost subsidy (tax). In practice, these
instruments are often used as a major tool to control the degree of competition in particular industry.
And many theoretical researches analyze the effect of such policies. Our results imply that a firm-level
diversity matters in such situations, and that a policy mix can be useful tool to improve welfare.

In this paper, we focused on the difference of the markup across industries to analyze the “heteroge-

neous markup distortion.” Of course, there are other factors to distort allocation. Especially, studying the
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static externalities by generalizing the assumption of CES utility form and the monopolistic competition

is of special interest to us. Thus, analyzing the effect of endogenous firm selection on welfare and the

optimum policy in such situations can be important future work.
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A Appendix

In this appendix, we derive the explicit market equilibrium solution by assuming a Pareto distribution
with G; (¢) =1 — ¢~ %, ¢ € (0, 4+00) where k; > ; — 1 is a parameter.

Then, (7) can be expressed explicitly as

1
GEME o;—1 sdfd 1
' ki — (0; — 1) sgs{" ff
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(9) can be expressed as

o o, — 1 sdfd ~ sds7P
SL‘{\/IE (¢) = (9) |:k1 oy — 1) 550" ¢:| Tff (0s—1)

When p = 1, (10) can be expressed as

d,ME d rd soP

Mg _ (@%858’585> {[1-Ga(00)] st + sy 5} %
= p o M
Ms o1 Y2 s§shss {[1 — Gy ( i,ME)] sdpd 4 S(I,S(ljrfia} Sslzl)p

Combining this equation and (6) yields

-1
sitfi-an (op M+ [ st [1-an (6 ME) 45007 5] SS;);,: (o —1)
:21, Th

c 0D s ded[{_ d,ME e .or re
2 Sheh Shoh Shfh[l Gh(% +sgspT g

Me,]\lE_ Yi
) - I, M E
i s¢sfPsso {sdrd[1-ci (e M) +sssomss | n

Moreover, if we assume a Pareto distribution, we get

-1

d .e oP or d P e .or P e .or P
YeME _ Ti— 1 Vi Vu (8555 s ki + siisp — sisi"sh) (on — 1) + s57"spkn
; _ E - I
Oh

. C o€ 0P qor oS fel.. ¢ od g€ OP qor P s
oi  sisys; sy sy [k sy st s s, s7s) 87k,

h=1,2

B Appendix

In this appendix, we solve the social optimum problem (11). We solve this optimization problem by
dividing it into the following three steps.

We let x; denote the labor devoted into the production activities in industry ¢ and 7; denote the
proportion of labor devoted in industry i. First, given M¢, ¢¢ and x;, we solve the following problem of

the production in industry :

d);nax im o, —1
max | M7 [ (i (4)) 7 dG ()
(z%nax 1
s.t. Mg [ g2i(9)dG () = i
2
oy ¢Enax g;—1 O-ji !
Solving this probrem yields z; (¢) = M,ax(‘ls) xi- Then X; = |M¢ [ (z;(¢)) =i dG (¢)
My [ (6)7i G (9) o

of

(2

(ﬁinax o;—1
can be expressed as X; = |Mf [ (¢)7 "' da (¢)] Xi-
¢}
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Second, given 7;, we solve the following problem of the allocation in industry i:

pras o
max Mg [ ()71 dG (¢) Xi
oL My 41

st xi+ ME[1—G(of)] £+ Mg fe =,

Solving this problem, we get (12) and Mf¢ = Z—W Substituting this expression of M into
zi (¢) = ¢;nax(¢) X: vields (13).
Mg [ (¢)7i71dG(e)
¢4
‘ 1
- L . 7i—1
Then X; can be expressed as X; = (1;) 7 ¢ l‘flz[l—cv‘(dﬁl)b“’—lrf" J (9)7 " dG (¢) "U—:l
T K2 k2 ¢id
Finally, we solve the problem of the allocation between industries:
p—1 p=11751
max U = [71 (X1) 7 +72(Xs) > ]
1,72
s.t. m + N2 = 1
p—1
. . by s o1-1 1= 1)
o1-p o o (o) [+ ] I ()77 dG1(9) () =1
Solving this problem, we get —) e = *1 — (”f’_l 0011) (
(17771) oo —1 . . ¢12nax 1dG og—1 ﬂL_ll) 2 1
72 [1-Gy(0§)]rd+s{ 4,{21 () 2(9) (L)
1=p
i . {;+ o1 —1
_ i 1 s (Mpyortt 11 7L 1-c(ef)|ri+rf ..
From MZG = %W, we obtain 1 02:/17 — (n1) 02:/1) [ ( 1)} 171 52:;1; ) Comblnlng
DT (Mg5) 72 =m)72=1 f | L 72
72 [1-c(eg)]rd+s5

these two equations yields (14).'8

C Appendix

In this appendix, we consider the situation where households supply labor elastically. And we show that
this setting is a special case of our model in the sense that households consume high-markup differentiated
goods and no-markup leisure good.

Each household has one unit of time, and distributes it into labor and leisure. Then, we rewrite the

¥When p = 1, we obtain n; = P W Substituting this into Mg = Z—’W, we obtain Mf’so =
o1—1 12551 v i)l Tl

viL “jil
a,-([l—G(dfi‘So)]ff“'ff) " %#72 a;ﬁl .

i
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maximization problem of households as

_91_p—1 -1
ni 01 1 o1—-1 5 o1
max U = 71[f($1()) dj +y(1—=L) 7
z1(j),L 0
ni
s.t. [ sfe1(G)pr () dj = XL+ T
0

where L is the aggregate labor supply, p < o7 is the elasticity of substitution between the differentiated
goods and the leisure good, and s” is the labor income subsidy (tax) when s < 1 (s > 1). Solving this

maximization problem yields

1 (7) = 1P1(J) ( ) ) (P#) ()" (5r +7)

1—L—P%(P£) ()" (& +7)

where Pr, = () is the price of leisure good. P = {(fyl)’3 (Pl)f(ﬁfl) + () (PL)f(ﬁfl)} = is the price
index. Note that the price of the leisure good is equal to the after-subsidy (tax) wage, which is no-markup.
Thus, we can interpret the leisure good as the homogenous good produced in perfect competitive industry.

The market equilibrium value of the productivity cutoff and the production of firms in industry 1 are
expressed as (7) and (9). The first best equilibrium value of these are expressed as (11) and (12). The
labor market clearing condition is

ey
M / éx1 (¢) dG1 (@) + MY fY + [1 - G4 ((25‘11)] Mlefij f1-L)=1,

(10) and (13) can be rewritten as

p—1
ME ME)alfl (0_1_1 1 )P 1 1 (’Yl)ﬁ é1 o1 o1—1
or o7 | 2- )" dGy (¢
(=tm 7S L= (of) g s}y 7T AT ¢>fd ( )ﬂ 1 ?
5 p
o1—p . ¢max o1 —1
(Mp=@) =t 1 1 n\ | oi—1
(T = T e () Joerdae)
1

Obviously, these expressions are basically the same as discussed in section 3 and section 4, and we
can achieve the optimum allocation in the same way discussed in section 5. Therefore, Melitz-type
model with endogenous labor supply is a special case of our model, and “labor distortion” is included in

“heterogeneous markup distortion.”
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