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Abstract

We investigate the welfarefect of the strategic regulation such that induces a collusive leadership
of the organized domestic firms in an open market where foreign firms can enter. We formulate such a
strategic regulation in the quantity-setting competition where the domestic firms can collusively make
their decision before the entrance of foreign firms and demonstrate how strong this structuring works
from the view point of the domestic welfare by comparing to the optimal impoft/srbsidy policy. As
a result, we show when the products of firms are homogeneous, that strategic regulation always yields
strictly higher welfare than the optimal import #@riloes. This holds even when the policy maker per-
fectly engages in the domestic-industry protection and ignores the consumer surplus. We also investigate
the robustness of this result by considering the decentralized decisions of the domestic firms or the dif-
ferentiated products.
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1 Introduction

When a country opens its market and allows the free entry of foreign firms, it is often tempted to protect the
incumbent domestic firms. On the one hand, the policies on the price side (impfirtetax) are one of
the important tools for such a protectionism but on the other hand, many developing countféesucdiy
havehad some command-and-control policies théeat the quantity side (promotion of production, capac-
ity, or investment, etc.) to develop their home immature industry. In transition economy, rapid industrial
privatization (as “shock therapy” in Russia) is not usualy the case, command-and-control policies are of-
ten maintained in some fashion in medium term (as “gradualism” in CRitNgt only that, in the field of
political economy, it is called the “developmental state” the economic system for development, where the
government who is motivated by desire for economic advancement strongly intervenes in indfiatrsal a
(Woo-Cumings, 1999). The “developmental statgiviss typically observed in east Asia but it is also found
in Islamic and Buddhist Asia as well as in Africa and, historically, in Europe (Leftwich, 1995). Particularly
in the world-wide stream for open markets, the domestic industry does fi@iesutly developed even after
the domestic market is opened and thus, such an systemffeat #he quantity side may not be immedi-
ately abolished. This paper investigates how strong such policieats the domestic welfare in the open
economy where the foreign firms endogenously enter.

In the context of international trade, Etro [8] and [9] investigate the stratéfgicte of tarff and subsidy
in the endogenous market structdrkn particular, Etro [9] considers the market structure where the number
of the foreign firms is determined endogenously (free entry of the foreign firms) in the market with the
fixed number of domestic firms and shows the importf@ubsidy can enhance the domestic welfare and
explicitly induce the optimal level of the import téysubsidy. We adopt the similar market structure as Etro

[9] and consider the poliggegulatiort that control the domestic firm’s outgaapacity before the entries of

1See, among others, Buck et.al. [1].

2For instance, it is said, in Japan, the government (MITI) tended to regulate and conduct a industry before 1980's and instead,
a trade association self-regulates a industry after 1980’s and/makies the decisions made in that industry to be collusive and
committable, often, in order to use their domestic market as profit sanctuaries (Schaede 2000).

3Etro [10] also considers the endogenous market structure and investigatéettea market integration.

“Because we consider the convex combination of the domestic social welfare and the domestic firms’ profits as the objective



foreign firms. By comparing this policy to the optimal import thrive identify how strong it works on the
domestic welfare.

Our result is as follows: When the products of firms are homogeneous, the regulation always yields
strictly higher welfare than the optimal import trdoes. This holds even when the decision maker who
controls the domestic firm’s outpotapacity perfectly engages in the domestic-industry protection and ig-
nores the consumer surplus.

As for robustness of this result, we consider the decentralized decisions of the domestic firmsfterthe di
entiated products. Although we have assumed that the domestic firms collusively maximize their joint-profit
in the main part, it is debatable how successfully the firms can collude in the trade association. However,
even when each domestic firms commit to their oyt@agacity to maximize their own profit, our conclusion
is robust. When the products of firms aréeientiated, the regulation for the domestic-industry protection
can also yield strictly higher welfare than the optimal importffatoes, in particular, when the degree of
differentiation is relatively small. However, we can also find the cases where the optimal impbyieéds
higher welfare.

The rest of this paper is organized as follows. Section 2 formulates the model. Section 3 investigates the
case of homogeneous products and derives our main results. Section 4 investigates the ffasenbiadéd
products and discusses how our results are modified under proéfecedtiation. Finally, Section 5 contains

concluding remarks. Proofs of some results are provided in the Appendix.
2 Model
2.1 Basic setting

We consider an industry whenedomestic firms (firm L .., m) andn (> 0) foreign firms (firmm+1,...,m+

n) produce homogeneous offfidirentiated products and compete in quantity. d;e¢ R, be the output of

function of policy maker, our model can also be interpreted as a mixed-oligopoly model where the domestic firms are controlled as a
enterprise partially owned by the public sector. See Matsumura (1998) for the seminal work which investigates the partial privatized
public enterprise as a firm whose objective function is the above-mentioned convex combination. For the analysis free entries of
foreign firms in the context of mixed oligopolies, see Cato and Matsumura (2012, 2015).



firm i’'s products andy; € R, be the price of firm’s products ( = 1,...,m+ n). The each firm produces
its products according to a cost function: R, — R,. The foreign firms’ cost functions are identical
Cm+1 = ...,= Cmin = C (world-standard technology) and the marginal cost of domestic firms are supposed to
be higher than that of foreign firne(q;) > ¢'(q;) for all g; > O for alli = 1,..., m(including the symmetric
case with equality). Each foreign firm must pay a fixed entry ¢ast0 in order to be active in the market,
whereas the domestic firms are the incumbents in this industry and thus their entry costs have already been
sunk. We suppose the linear-demand structure, that is, inverse demand function frfirmduct is
PG Gmen) = A= Gi =D )1,
i#i
wherea > ¢/(0) for all i andb € (0,1]. The firms’ products are homogeneousif= 1 and they are
differentiated ifb € (0,1). The profit of firmi (excluding fixed cost) is defined as$(qi,...,0mm) =
Pi(dL.- - Gmen)Gi — Gi(q) for i = 1,....mandzi(qe.....qmn) = Pi(G2..- .. Omen)0i — Ci(Gi) — to; for
i=m+1,...,m+n, wheret € Ris an import tarff.
Utility function of a representative household is
m+n m+n m+n
U(@L - Omen) + G0 =2 ) G %[Z o + bZZQin]"‘CIO,

i=1 i=1 i=1 j=A

whereqp is the numeraire. This utility function induces the above-mentioned linear-demand structure. The

domestic social welfare (including téfrrevenue) is given by

m+n m m+n
W(a, -, Gmen) = U0, Grnen) = ) PilCs - Ornen)Cli + Y (s Q) + ) G
i=1 i=1

i=m+1
m+n m+n
= U(0n, > Gmen) = ) G(A) = D i, Gmen)- (1)
i=1 i=m+1

Structure of the game under quantity control As an objective function of the policy maker, we consider
the convex combination of the domestic social welfare and the domestic firms’ profi@)\+a Y., 7 =
(1-2)(U-2™" pigi)+ X", 7i, wherea € [0, 1]. Note that = 0 in this regime. Whemr = 0, the objective of

the policy maker is the domestic-welfare maximization, whereas wher, its objective is the joint-profit

4



maximization of the domestic firms, that is, the policy maker ignores the consumer surplus and perfectly
engages in domestic-industry protection. Since a controllability of quantities of firms depends on a context,
we consider two extreme cases in this regard. First, as the most controllable case, we analyze a centralized
economy where the policy maker can perfectly observe the quantity of each domestic firm and commit to

planregulate it as follows.

1. Policy making: The policy maker sets the planfiedulated output (capacity) of the domestic firm,

(91, -- -, 0m) € RT, to maximize the defined convex combination for same|[0, 1].

2. Entries decisions: The foreign firms choose to enter the market or not. The number of the foreign

firmsn > 0 is determined by zero profit conditian.

3. Market competition: The domestic firms selegt= q1,...,0m = qm and the foreign firms select

Om+15 - - - » Omn-

Later, as the most uncontrollable case, we analyze the first stage by supposing that each domestic firm,
instead of the policy maker, choosgsin order to maximize its own profit. This is the case where the
domestic firms have already established dominant positions as the incumbents and assume leadership in the
domestic market but their decision makings are perfectly decentralized ones. We denote with an apsterisk (

the equilibrium values under quantity control or decentralized decision making.

Structure of the game under import tariff We compare the presented quantity-control regime with the
case of a non-regulated open economy where the government can levy the imfiodntdhie products

of foreign firms. We focus on the comparison to the optimalfitdhiat maximize the sum of domestic
welfare and taff revenue. This is because we would like to show that even if the policy maker can perfectly
care about the welfare in téliriregime, the welfare can be larger in the quantity-control regime in the open
economy, in particular, even when that quantity control intend domestic-industry protection. The game runs

as follows.

5In this paper, we neglect the integer problem of the firms to enter the market.



1. Policy making: The policy maker sets the unit level of theffarie R (including the subsidy) to

maximize the sum of the domestic welfare and theftagvenue from the foreign firms.

2. Entries decisions: The foreign firms choose to enter the market or not. The number of the foreign

firmsn > 0 is determined by zero profit condition.

3. Market competition: The domestic firms selegt. . ., gn and with paying the tafii, the foreign firms

selectdmi1, - - - » Qmen-
We denote with the superscriptthe equilibrium values under import téti
2.2  When the number of foreign firms is exogenously given

Before proceeding with the main analysis, we briefly discuss the results when the number of foreign firms
is not endogenously determined but exogenously fixed, in order to clarify the importance of endogenous
market structure in this paper. Assuming that there is a single domestiairail) and that the number of
foreign firms is fixed at tem(= 10) in the case of homogeneous prodiict(1), Figure 1 illustrates how the
weight put on the domestic firm’s profit by the policy make} &nd the cost in@ciency of domestic firm
(y) affect the relative performance of quantity-control and impor#itaegimes W* — W').

The important point here is that even in such a simple numerical example, dependingnoly, the
guantity-control regime can yielabth higher and lowedomestic social welfare than the import-faregime
does. Fory = 0.2 (0.6), the quantity-control (import-tdk) regime results in higher domestic welfare for any
a € [0,1]. On the other hand, foy = 0.3, the quantity-control (import-tdf) regime results in higher
domestic welfare whea is suficiently small (large). However, as we will see below, this result drastically
changes when the number of foreign firms is endogenous; in that case, the quantity-controltegiyse
yields higher domestic welfare than the import{ftaregime, regardless of the policy maker’s objective and

the cost infliciency of domestic firms.



3 Homogeneous Products

In this section, we consider the case of homogeneous product:
Assumption 1 Firms’ products are homogeneous, i.e=4.

In this case, the inverse demand is reduce@(@) = a— Q by denotingp = p1 = P2 = - = Pmun
andQ = Y ™" q. There are multiple domestic firms and we allow general convex cost functions and cost

difference between the domestic firm and the foreign firms:

Assumption 2 m > 1 and cost functions satisfy(g;) > 0,¢’(q;) > O for all g; > 0 and for all i.
3.1 Quantity-control regime

In the quantity-control regime, the domestic firms’ outputs (capacities) is given in the first stage. We begin
with the subgame that follows given the total amount of these outﬁgts O + - -+ + Om (the second and

third stages). We can show that this subgame has a unique symmetric equifibiitms, let us denote

the equilibrium number of the foreign firms W(Q_D) and the equilibrium output of each foreign firm by

q*(dD). To facilitate the analysis according to our interest, we additionally assume the following.

Assumption 3 n*(0) > m, that is, the market is enough fruitful in the sense that the firms with world-

standard technology c that can be active outnumber the incumbents.

Note that sincen > 1, this assumption implies that(0) > 1, that is, at least one firm can be active if there
is no incumbents. Then, the necessary arficsent’ conditions to obtain the positive equilibrium outcomes
such thatn*(Qp) > 0 and thusy*(Qp) > O are the following zero-profit condition of a foreign firm in the

second stage and first-order condition of a foreign firm in the third stage:

p(Q)g" —c(@) - f =0, 2
p(Q") + p'(Q)" - c'(q") = 0, (3

6See Ino and Matsumura [11] in detail.

"Sufficiency for the first-order condition immediately comes from under our assumptions (the second order condition is globally
met). Sdficiency for the zero-profit condition comes from the fact that equilibrium profit of a foreign firm strictly decreasis in
the third stage.



WhereQ*(Q_D) =Qp+ n*((SD)q*(CED). From these conditions, we can show the following lemma.

Lemma 1 Suppose that Assumptions 1-3 hold. Then, @df< Q*(0), then ri(Qp) > 0, q*(Qp) = q*(0)
and Q(Qp) = Q*(0); and (i) if Qo = Q*(0), then r1(Qp) = 0 and Q(Qp) = Qo.

This is essentially the same result as is obtained in Ino and Matsumura &®ige the domestic
firms politically commit tog; = q; (i = 1,..., m) before the foreign firms’ entries, they assume Stackelberg
leadership towards the foreign firms in a free-entry market. The lemma indicates that as far as the given
outputs of the domestic firms (leaders) are in the level that allows a foreign firm (follower) to enter as in case
(i), each follower’s output does not depend on the leader’s oqu(nﬁ()) = g*(0)).° This further implies
that the equilibrium total output and price also do not depend on the leader’s oQtP@) = Q*(0)) since
the equilibrium price is equal to the follower’s average cost (zero-profit condition).

In the first stage, the optimization problem of the policy maker is

m
max 1_ W_,...,_, *,..., - + i _,-.-,_7 *,-..9 -
(e qm)eRT( a)W(0n Om. Q q’) a;m(m Om. d q’)

= (1= ) [U(@ G 0 0) = PQIQT + ) il G O, G). (4)
i=1

Taking Lemma 1 into consideration, the two components in the objective function are given by
1Q'(0 if Qo < Q'(0)

A if Qo > Q*(0),

LU _ a- Q" (0)Qp - X", ci(q) if Qo < Q*(0
Zﬂi(ql,...,qm,q*,.--,q*) — ( Q_( )_)QD . i=1 _|(q|) . Q_D Qx( )

— (@-Qp)Qo — Xl  ci(q)  if Qo > Q(0).

UG- ... 0md"....q") - p(Q)Q" = {

We can solve this problem by two steps. As the first step, consider the problem where foQgivere

distributeqy, . . ., qm to minimize 3, ¢i(G;) subject togy + - - - + Om = Qp and then, denote the minimized

8See Lemma 1 of their paper, which does not depend on linear demand structure. As they show, Assumption 3 is redundant to
obtain this result. However, we additionally make this assumption since later, we can avoid some troublesome procedure (but not so
fruitful for this paper) that arises by neglecting the integer problem of the number of firms.

%We can see a plausible graphical explanation of this result in Figure 2 of Ino and Matsumura [11]. Recently, the similar neutral
property in free entry market has been widely used in the literatures: e.qg., Etro [6], Etro [7], Cato and Oki [2], and Matsumura and
Matsushima [14].



cost byC(Qp), that is,

.....

Graphically speaking, it is clear th@t(Qp) must be the horizontal sum d...., .10 Thus, itis guaranteed
thatC’ is positive and increasing. In the second step, by substituting this minimize€(s), we can
reduce the problem (4) to

max (1- @)CS*(Qp) + IT*(Qp), (5)

whereCS*(Qp) = U(Q1. . ...Gm.q" ..., q") — p(Q*)Q* and

(a-Q'(0)Qo ~C(Qp) if Qo < Q*(0)
(a-Qp)Qp - C(Qp)  if Qp > Q*(0).

This problem gives us an aggregate output of the domestic firms in a subgame perfect equilibrium. Note

I"(Qp) = {

that the problem (5) has (at least one) solutions by the Weierstrass theorerﬁtsmcib) andH*(dD) are
continuous in@D and we can truncate the domain@s € [0, a]. Givena, we arbitrarily take one of these
equilibrium outputs and denote it @B(a).

Let QP > 0 be the perfectly competitive output of the domestic firms that is givep(®f) = C’(QP).

Then, the following lemma describes the equilibrium properties under the quantity-control regime.

Lemma 2 Suppose that Assumptions 1-3 hold. Take [0, 1] arbitrarily. Then, (i) if p(Q*(0)) < C’(0),
Qp(@) = 0, (i) if C’(0) < p(Q*(0)) < P(Q®), Qp(@) € [0,Q(0)] such that satisfies(Q*(0)) = C'(Qp(@)),
and (i) if p(Q*(0)) > p(Q®), Qp (@) € [Q*(0), Q1.

Figure 2 depicts the cases stated in this lemma. (i) is the case where the marginal costs of domestic firms
are so high that none of them can survive in the free-entry market(jg{q) = 0, as depicted in the left

panel. Since the foreign firms enter and prod@:€0), the equilibrium market outcome (total output and

OMore formally, sum up the inverse functions of,..., C, unless a marginal cost is constant, that is, defify¢ = {i €
{1,..., milc’ (q;) # 0 whenc/(g;) = y} andF(y) = Yiciy) & 2(y). Then, we obtain

C'(Qo) = Min[F4(Qp), &4 (Qo)s - - - » Cn(Qp)]-



price) is Point A. (iii) is the case where the marginal costs of domestic firms #ieisutly low to deter all
the foreign firms as depicted in the right panelr I 0, the welfare is maximized by choosing the perfectly
competitive outqu_E(a) = QP and ifa = 1, the joint profit of the domestic firms is maximized by choosing
Q_T)(“) = Q*(0) and exactly undercutting the free-entry price of the foreign firms. The equilibrium market
outcome is between these two points depending @n[0, 1], i.e., (5’6(&) e [Q*(0), Q"], as is Point C. (ii)
is the intermediate case where both the domestic firms and the foreign firms are active and the equilibrium
market outcome is Point B as depicted in the middle panel. The domestic firms produce positive but do not
undercut the price of the foreign firms, i.©_’,3(a) € [0, Q*(0)]. In this case, since some foreign firms enter
into the market, the price is independent of the outputs of the domestic firms and congié@i(a)) as
sated in Lemma 1 (i). Thus, the policy maker equates that price and a margina{Q@&)) = C’(Q’E)(a))
no matter what is.

The equilibrium domestic welfare of the whole game in the quantity-control regimqé’a(a)) =
CS*(C}B(a)) + H*(Q*D(a)) for givena. From the equilibrium properties induced in Lemmas 1 and 2, we

obtain
_ Q*(0) _
W (Qp(a)) = fo [P(Q) — min[C'(Q), p(Q*(0)]] dQ. (6)

Observe in each panel of Figure 2, the shaded area represents the right hand side of this inequality and the

welfare brought in the equilibrium (Point A, B, or C) is greater than or equal to this area.
3.2 Comparison to the import-tariff regime

In the import-tarft regime, the firms with heterogeneous costs, the domestic firmsMdghand the foreign
firms with c(q;) + tq;, compete in the third stage and the foreign firms enter the market in the second stage.
However, we can show that the subgames in these second and third stages have a equilibrium, where all

the foreign firms produce an identical outglitq' (t) represents the equilibrium output of a foreign firm

lUnder our setting, it is known as the third-stage game has a unique equilibrium. Therefore, there are no other equilibria except
for the symmetric equilibrium with regards to the foreign firms that we focus on. See, among others, Chapter 4 of Vives [18], which
provides an sfiiciently general explanation about the conditions where Cournot model has a unique equilibrium with heterogeneous
costs. Further, we can show in the third-stage equilibrium, the profit of a foreign firm is strictly negatiisestfficiently large.
Thus, there exists an equilibrium number of foreign firms in the second stage.

10



given the taff levelt, qiT(t) the equilibrium output of the domestic firng= 1, ..., m), n'(t) the equilibrium
number of the foreign firms, ar@' (t) = X7, g7 () +n' (t)q" (t). Then, the first-order conditions of a foreign
firm and the domestic firms are

p(Q") + p'(QN)g" - ¢'(@") - t < 0 with equality ifq" > 0, 7

p(Q") + p'(QNg - c/(g') < 0 with equality ifq" >0, i=1,...,m; (8)
and whem' (t) > 0, the zero-profit condition of a foreign firm must also be satisfied:

p(QNq" —c(@") -tg" - f =0. 9

The following lemma indicates that wher= 0, the equilibrium total output and output of a foreign firm are

the same a®*(0) andg*(0), respectively; and how the equilibrium outputs affeeted by the change in

Lemma 3 Suppose that Assumptions 1-3 hold. Theh(0p= Q*(0) > 0 and ¢ (0) = g*(0) > 0. As far as
q'(t) > 0, dQ'(t)/dt < 0and dd (t)/dt = 0. Further if g (t) > 0, dq' (t)/dt > O.

LetWT(t) = W(a (t),...,an). " (1), ....q' () be the equilibrium domestic welfare in the import-tari
regime givent. Note thatW' (t) includes the equilibrium taffi revenuetn' (t)q' (t) by the definition (1).

Then, we have the following proposition.

Proposition 1 Suppose that Assumptions 1-3 hold. Take= [0, 1] arbitrarily. Then, for all t € R,
W*((Sg(a)) > W' (t) with equality if and only if pQ*(0)) < C’(0)and t= 0.

Proof DenoteQ[(t) = X, g (t). Then, we can decompo¥®’ (t) into three parts (see also Figure 3 for

supplementary explanatié:

QL) m Q' (1)
T _ _ . T _ T T el
Wi (t) = Uo pP(Q)dQ 21 ci(q; (1) +ng® [p(Q) pP(Q (t))]dQ+t[Q ) — Qp(M)]- (10)

The first term that is in the bracket is the consumer surplus associated with the area Ie@’é(m]:ﬁmea

ABDC in Figure 3) and the domestic firms’ profit. The second term is the consumer surplus associated with

2Although the figure depicts and exemplifies the case whered and all the equilibrium outcomes are strictly positive, the
following our proof is valid for all the cases including the cases wher® or some outcomes are zero.

11



the area greater thaDE(t) (Area CDE in Figure 3) and the foreign firms’ profit (which is zero by (9)). The
third term is the taff revenue from the foreign firms’ outputs, which is denoted &) = tn'(t)q' (t) =
t(QT () — QG (1)) in this proof.
As for the first part, we obtain
() m QM
[ pde- IECOR [ pde-c@bo

Qb () Qb0 _
- fo [P(Q) - C'(Q]dQ < fo [P(Q) — Min[C'(Q). P O)]]dQ. (1)

where the first line is because! ci(qiT(t)) > C(QE(t)) by the definition ofC, and the this right hand side
of the first line (Area AFGHC in Figure 3) is further elaborated as in the second line gf@e- C’'(Q) for
all Q € [0, Q1))

As for the second part, the following rearrangement helps our comparison:

Q' () Q*(0)
[ [PQ-pQ@]de= [ "[pQ- HQO)]dQ
QL) QL)
QT () Q*(0)
- [ [P - pQ o] de- [ P - pQ )] dQ
QL) QT(t)

The first term of the right hand side (Area CIK in Figure 3, which the consumer surplus associated with the
area greater tha@[,(t) under the command-and -control regime) further satisfies

Q' | Q' _ |
f _ [P(Q - p(Q(O)]dQ < f [P(Q) — min[C"(Q), p(Q"(0)]] dQ (12)

Qp(h) QW

sincep(Q) > p(Q*(0)) for all Q € [QL(t), Q*(0)] (Note thatQ[(t) < Q*(0) by Lemma 3). The second
term’s integral (Area DIJE in Figure 3) equals the flarevenueT R(t). This is because wheq' () > 0
(Q5(M) < QT(1), g"(t) = 9" (0) = g*(0) by Lemma 3. Thus, (9) can be arranged toff@ (t))q"(0) —
c(g*(0)) - tg*(0) — f = 0. Subtracting (2) wittﬁD = 0, we obtainp(Q' (t)) - p(Q*(0)) = t. Therefore,
the integral ist(QT (t) — QL (1)) = TR(). Note that wherg' () = 0 (QF(t) = Q' (t)), the second term also
equalsT R(t) = 0. The third term’s integral (Area EJK in Figure 3) is zero when0 sinceQ' (0) = Q*(0)

by Lemma 3 and strictly positive when# 0 sinceQ' (t) # Q*(0) by Lemma 3; Note that sincg < 0,

12



p(Q) — p(Q*(0)) > O for all Q < Q*(0) if QT(t) < Q*(0) andp(Q) — p(Q*(0)) < O for all Q > Q*(0) if
Q' (t) > Q*(0). From these,

Q") Q) _ |
[ [PQ-p@]dQ+TRY < [ “[p(Q - minc'(Q.pQONIAQ  (23)
QL QL

with inequality ift # 0.

By (6), (10), (11) and (13), we obtaw*(@l‘)(a)) > W' (t) with inequality ift # 0. Finally, consider
the case wheré = 0. NoteTR(0) = 0 in this case. Whemp(Q*(0)) < C’(0), sinceé’g(a) < Q*(0) by
Lemma 2(i) and (ii),Q*(Q_E(a)) = Q*(0). Also Q" (0) = Q*(0) by Lemma 3 and thus, the consumer surplus
is the same in both the regimes. Further, in this case, the profits of domestic firms are zero in both the
regimes. This is because, whe(Q"(0)) < C'(0) (p(Q"(0)) < ¢/(0)), p(Q*(0)) + p'(Q*(0))ai — ¢i(a) < O
for all g > 0 sincep’ — ¢’ < 0. Thus,Q*(0) = Q'(0) and (8) impliesy’ (0) = 0 (QL(0) = 0). As for
the regulation regime, whep(Q*(0)) < C’(0), (5;‘3(01) = 0 by Lemma 2(i); and whep(Q*(0)) = C’(0),
C'(Qp) = p(Q*(0)) for all Qp € [0,Q; ()] by Lemma 2(ii) (the marginal cost has to be constant and
equal to the price in the relevant range). Therefore, we WaW®) = W*((j*D(a)) whenp(Q*(0)) < C’(0). If
p(Q*(0)) > C'(0) (p(Q"(0)) > ¢(0)), there uniquely existy > 0 such thap(Q*(0))+p'(Q*(0))q; —¢i(qf) = 0
sincep’ — ¢’ < 0. Therefore, sinc®*(0) = Q' (0) by Lemma 3, (8) implieqiT(O) = > 0. Thus, by noting
thatC’(QE(O)) < p(Q*(0)) by (8), (12) must satisfies with inequality— resulting\/&ﬁ((ﬁ;‘j(a)) > WT(1).
Q.E.D.

This proposition indicates that as far @{0) < p(Q*(0)),'® the quantity-control policy always yields
strictly higher welfare than the import téridoes regardless df and thus, the optimal import téiridoes.
An interesting thing is that this result holds for alle [0, 1]. Thus, even when the policy maker perfectly
engages in the domestic-industry protection and ignores the consumer surglug,(the quantity-control

policy induces a greater domestic welfare than the impofff @ah.

B0therwise, we have the case where all the domestic firms shut down by the entries of foreign firms both under the command-
and-control regime (Lemma 2 (i)) and the optimalfiari= 0.
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This result is obtained because the mechanisms to expand the profit of domestic firmSeaeatdi
between the two regimes. Etro [9] formalizes the mechanism in the impditiegime and induces the
optimal tariff level1* Import tarif affects the average cost of each foreign firm and thus, limits the entries
of foreign firms and increases the price. When there are the fixed number of incumbent domestic firms, this
price increase expands the market share of the domestic firms and shifts profits toward them. However, it
also causes the loss in consumer surplus (some part of the loss is canceleé bgviamiue). The optimal
import tarif must balance thesdfects. On the other hand, the mechanism behind quantity-control policy
causes commitmentfect: the domestic firms’ outpytapacities are restricted at the policy making stage.
Since this policy does noti@ct the average cost of each foreign firm, the policy maker can commit to expand
outputgcapacities of the domestic firms withoutecting the price. Since the loss of consumer surplus does
not occur, in order to shift profit toward the domestic firms, this commitment can induce more aggressive
expansion of the domestic firms’ market share and limitation of foreign firms’ entries th&nTais results
in a higher domestic welfare. Furthermore, since the consumer surplus i$aubéd, profits of the domestic
firms are only the matter to maximize the welfare. This is why even the domestic-industry protection works

better than the optimal tdfi
3.3 Decentralized decision making of domestic firms

In this subsection, we suppose that domestic figril, . .., m chooses; and maximize itown profit in the
first stage. Since the second and third stages are the same as in Section 3.1, Lemma 1 is valid also in this
analysis. Taking the result of this lemma into account, the domestid’finonoblem is
(a-Q(O)ai-c(@) if Qo <Q'(0)
(@a-Qo)gi —ci(@)  if Qp > Q*(0).
Let § € R, U {co} be firmi’'s price-taking output at the pricg(Q*(0)) that is defined as the maximum
element of{qi|p(Q"(0)) = ¢{(Gi)} or G = 0 (G = o) if ¢f(a) > P(Q*(0)) (¢ (@) < P(Q*(0))) for all g. Let
G € R, be firmi’s partial-monopoly output at the priqge{Q*(0)) that is given byp(Q*(0)) + p’(Q*(0))G =

gieRy

max :ﬂi(al,---yam’q*""’q*)={

14The optimal tarf level is positive when the demand is linear as in our setting. However, it is worth noting that when the demand
is highly convex, the optimal tafican be negative. See Etro’s paper in detail.
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c/(Gi) or g = 0if ¢/(0) > p(Q*(0)). By using these values, we can describe the equilibrium properties
under the decentralized decisions as in the following lemma. The output of domesticsfitm.., min an

equilibrium is denoted by,

Lemma 4 Suppose that Assumptions 1-3 hold. Then, (i\®*00)) < C’(0), the equilibrium is given by
g =Oforalli =1,...,m, (ii) if C’(0) < p(Q*(0)) < p(QP), the equilibrium is all the combinations that
satisfyy ™, @ € [0,Q*(0)] and {Q*(0)) = c/(¢f) for alli = 1,...,m, and (iii) if p(Q*(0)) > p(QP), the

equilibrium is all the combinations that satisi", " = Q*(0) andq € [§;, G] foralli =1,...,m

This is essentially the extension of the result obtained in Ino and Matsumura {2@i #)e case where cost
difference exists between domestic firms (leaders) and foreign firms (followers). The proof is quite similar
to their’s, thus we omit it.

Case (i) of Lemma 4 indicates that none of domestic firm can survive and the equilibrium structure in
this case is exactly the same as in the case (i) of Lemma 2. Case (ii) of Lemma 4 tells us that all the domestic
firms behave like price takers at the pripQ*(0)).X® This is because when some foreign firms enter into
the market, the price is constant regardless of the actions of domestic firms by Lemma 1(i). This implies
that the total cost is minimized, i.ep(Q*(0)) = C’'(Z", O). Thus, the equilibrium structure in this case
is also exactly the same as in the case (ii) of Lemma 2. Hence, in these cases, that is, when some foreign
firms enter in the equilibrium, the equilibrium domestic welfare under the decentralized decisions, which is
denoted a¥V*(qj, ..., 0m) = W(Q7, ..., O, q(Q_’{D), ey q(@E)), is exactly the same as under the centralized

decisionW*(Qg), whereQi, = 3", G. As a result, the same result holds as in Proposition 1 as follows.

Proposition 2 Suppose that Assumptions 1-3 hold. (Qp0)) < p(QP), for all t € R, W*(, ..., ) >
WT (t) with equality if and only if pQ*(0)) < C’(0)and t= 0.

It must be noted that we can haWé (q;, ..., Gy) < W' (1) if p(Q*(0)) > p(QP), which is the case (iii)

15See Lemma 2 of their paper.

18Some readers may think that the expressigh ¢ € [0, Q*(0)] in the lemma is redundant becapé®*(0)) = c/(¢}) seems to
identify @". This is true ifc] is strictly increasing. However, when some firm’s marginal cost is possibly consi(dat= p(Q*(0))
for someq; < Q*(0) as in our setting, this firm can select any levels of output in that range as an equilibrium output.
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of Lemma 4 where the domestic firms are fiacéent that they can deter all the foreign firms. The following

example sffices to show this.

Example Supposan=2,p=4-Q, andf = 1. Firm 1 is still uses a laggard technology with marginal
cost 1,ci(q1) = qp for all g1, but Firm 2 catches up with the world standard technology with marginal
cost 0,co(0p) = c(q) = O for all gp andg. Then, if there is no quantity-control regulation and no import
tariff, the equilibrium outcomes ang(Q'(0)) = 1 (Q(0) = 3) andq}(0) = q'(0) = 1.7 Firm 1 cannot

be activqu(O) = 0 under this price by (8) and thus!(0) = 2. As a result, the equilibrium welfare is
WT(0) = 9/2 + 1 = 5.5, which is the sum of the consumer surplus and Firm 2’s profit. Under the regulation
regime,q; = 2 andg; = 1 are supported in one of the equilibria and these committed quantities of the
domestic firmsgy + g; = 3, cause the entry deterrenc&(3) = 0, under the pricg(Q*(0)) = p(QT(0)) =1

(Q*(0) = 3). Since Firm 1’s profit is zero because of the marginal cost pricing, the welfare in this case is
obtained a®Vv*(q;, @;) = 9/2+1 = 5.5, which is the same a4 (0) calculated above. However, if we impose

the import tarff t = 1, the equilibrium price i9(QT (1)) = 2 (Q" (1) = 2) and Firm 2 occupies all the market
under this price, i.eq} (1) = 2, q{ (1) = 0 andn’ (1) = 0. Thus, the equilibrium welfare under this level of
import tarit WT(1) = 4/2 + 4 = 6, the sum of the consumer surplus and Firm 2’s profit, exceeds that in the
regulation regimé? Intuitively, this situation occurs because in the regulation regime, there is a equilibrium
where the firm who uses a laggard technology (Firm 1) commit to a large portion of the market. When some
firm catches up with the world technology, without the decision maker who can coordinately allocate market

shares among the domestic firms, the welfare improvement in the regulation regime may fail.

"The readers can easily check that these outcomes satisfies (7)-(2)0th

BIndeed} = 1 is an optimal level of import taffiin this example, sinc&/™ (t) = 11/2 + t — t?/2 anddW (t)/dt = 1 — t (which is
consistent to the expression (27) calculated later) viherd andW' (t) = 6 (which is the welfare obtained by Firm 2's monopoly)
whent > 1.
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4 Product Differentiation

In the previous section, we showed that the quantity-control regulation (quantity policy) for the domestic
firms always brings higher welfare than the optimal importfiggrice policy) in a homogeneous product
setting. We discussed that the rationale behind this result is the fact that in the regulation regime, more
aggressive behavior of the domestic firms restricts the entries of foreign firms more severely than in the
tariff regime. This aspect indicates that in the presence of prodfietatitiation, the variety of products
becomes smaller in the regulation regime than in théftargime. Since this is a negative welfaiféeet in
the regulation regime, it is important to investigate how the previous result in a homogeneous product setting
is modified under product fierentiation°

For this purpose, we introduce some alternative assumptions in the following analysis of this section.

First, as mentioned above, we consider the casefidrdntiated product:
Assumption 4 Firms’ products are dferentiated, i.e., k& (0, 1).

Next, to dfectively focus on theféect of product diferentiation, we simplify the relatively general setting of

the last section as follows:

Assumption 5 There is a single domestic firm, i.e.,#nl, and cost functions of domestic and foreign firms

satisfy ¢(qi) = ¢’(q;) = Ofor all g; > 0 and for all i.

The latter assumption implies that the domestic and foreign firms have identical and constant marginal cost,
which is normalized to zero. Finally, we assume that the size of domestic markeficéestly large or
the entry costs of foreign firms areflaiently small that at least one foreign firm can profitably enter the

domestic market:

Assumption 6 a > 2/f.

19r0r the model that considers endogenous number of followers under the proieretrdiation, see a recent pagigic [20],
which elaborates the performance of the model by using similar linear demand and cost setting as our paper.
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In other words, this assumption corresponds to Assumption 3with 1. Under these assumptions, the

domestic social welfare given by (1) becomes

n+1

WL, - Onet) = U@L Gned) = D 7i(Cl. - - Che). (14)
i=2

In this section, we compare the equilibrium domestic social welfare under the regulation regime with that un-
der the tafit regime. As for the regulation regime, we consider the two extreme cases: “welfare-maximizing
regulation” and “profit-maximizing regulation.” In the former case, the policy maker maximizes the domes-
tic social welfare when deciding the level of quantity regulation. On the other hand, in the latter case, the
policy maker maximizes the domestic firm’s profit when setting the regulation. These two cases respectively
correspond to those witth = 0 anda = 1 in the last section. Under the téiregime, we assume that the

objective of the policy maker is to maximize the domestic welfare (including tasienue).
4.1 Welfare-maximizing regulation regime

First, we consider a regulation regime where the policy maker sets the output of domestic firm in order
to maximize the domestic social welfare. In the third stage of market competitiomnwitiO, for given

committed output of the domestic firqa € [0, a], the equilibrium output of each foreign firm is

ey=y _ a—bao
9@ =3 5 on (15)
Therefore, the equilibrium profit of the domestic firm is
(T T q .« a2-b)gr - (2-b+bn(1 - b))(qu)?
73(Q1) = 71(01. 97, ..., Q") = (2-b)as — ( (1-D0))(m) ’ (16)

2—-b+bn

and that of each foreign firm is'(Q1) = 7i(Qw. 9°, ..., q") = (q* ()% fori =2,...,n+ 1.
Next, we consider the second stage of entry decision. Let the equilibrium number of the foreign firms be
n*(qy) for givenq; € [0, a). Then, sincer*(q;) is decreasing im, n*(qy) is uniquely determined by the zero-

profit condition of the foreign firmst*(q1) = f, when lim_o 7*(q1) > f and zero when limo 7*(qp) < f.

18



Therefore,

a-(2-b)T-bq . _
@) - ot it G < (a-(2-b)yDb,

0 if q1>(a-(2-b)+/f)/b.
Note that whem*(qg;) > 0, we always havg*(qi) = \/T by the zero-profit condition*(q;) = f. Substituting

(17)

n = n*(qy) into (16) yields the domestic firm’s profit:
(@) = (2-b)yfa - (1-b)(@m)? if G <(@-(2-b)/f)/b,
! (a- g if Gy > (a—(2-b)y/)/b.
In addition, by substituting (15) and (17) into (14), we obtain the equilibrium domestic welfare forgiven —

& +(2-b)f - (a-ba)(3-b) /T - (1 - b)b(@y)?
2b

(18)

Wi (@) = W(Ge.q",....0") =

(19)

if g1 < (@a— (2-Db)+/f)/b, andW*(q1) = ag — (01)?/2 otherwise.
Finally, we consider the first stage of policy maker’'s commitment. The policy maker maxiiZes)

with respect tay; and this yields the equilibrium output of the domestic figy, as in the following lemma.

Lemma 5 Suppose that Assumptions 4-6 hold and define

4a2[(1 - b)%(10 - 9b + 4b2 — b3) — 2(3— b)(1 - b)"/?]

fu(b) =
w(b) (8= 3b— 2b2 + b3)2

(20)

Then, (i) if f< fyw(b), we have

. (B-byf
qlw—m,

and (i) if f > fw(b), we have

2a(1-b) - (4-3b+b?)4/f
2(1- b)b/f

. @3-bf
s ﬂl(qlw):( 4) ;

" (Cw) =

G =2 N (gy) =0, 7 (dyw) = 0.
This is a plausible result. When the entry cost of foreign fifnisso large as in (ii), the domestic firm deters
the entry of all the foreign firms, that is;(qj,,) = 0. Otherwise as in (i), the foreign firms are active in the
market, that isn*(j,,) > 0 and thusy*(q;,,) = /.

From the results in Lemma 5, the equilibrium welfare under the regulation regime is
4a%(1-b) — 4a(3-4b + bz)\/T+ (8 —3b - 2b? + b3) f

W (Gw) = 8(1- b)b

(21)
if f < fw(b), andw*(a;,,) = @%/2 otherwise.
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4.2 Profit-maximizing regulation regime

Next, we consider another regulation regime where the objective of the policy maker is to maximize the
domestic firm’s profit. Note that the equilibrium outcomes of the third and second stages are the same as in
the previous subsection and given by (15) and (17) respectively. Therefore, we begin with the first stage of
policy maker's commitment. The policy maker choosgsn order to maximize the domestic firm'’s profit

given by (18). Then, we have the equilibrium output of the domesticdjigas in the following lemma.

Lemma 6 Suppose that Assumptions 4-6 hold and defiile) & (2a(1—b))?/(2—b)*. Then, (i) if f < fp(b),

we have
_@-pyf o 2al-b)-Q2-b2Jf - (2-Db)f
Gr = Sa-p - "@e) = 20-bbyf (e) = g -p)
and (i) if f > fp(b), we have
- (2-b)+/f b-1)+(2-b)/f)la- (2-b) /T
1P:¥, @) =0, (@) < PO )Q[)(a (2-b) V)

This is a similar result to Lemma 5. When the entry cost of foreign fifns suficiently large, the policy
maker deters the entry of all the foreign firms, thatni§g;,) = 0. Otherwise, it is optimal for the policy
maker to allow some foreign firms to enter into the domestic market, thait(s,,) > 0 andg*(q;p) = \/T

From the results in Lemma 6, the equilibrium welfare under the profit-maximizing regulation is

422(1 - b) — 4a(3 - 4b + b?) \/T + (2—-b)?(2 + b) f
8(1-b)b

W*(03p) = (22)
if f < fp(h) and
(@a@2b-1)+(2-b)/f)a- (2-b)yf)

W (Ge) = 202

(23)
otherwise.
4.3 Import-tari ff/subsidy regime

Finally, we derive the equilibrium outcomes under the optimal imporfttatn the third stage of market

competition withn > 0, for givent, the equilibrium outputs of the domestic firm (firm 1) and each foreign
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firm (frmi=2,...,n+ 1) are

a(2 - b) + bnt
(2-b)(2+bn)’

a2 - b) - 2t

TO= 2-hetn

g (t) = (24)

respectively’® Then, the equilibrium profits of the domestic and foreign firms are respectively given by
m () =m(a;.a',....d") = (g ())? andx’ (t) = 7i(a.q".....q") = (@' ()2 fori=2,....n+ 1.

In the second stage, Iet (t) denote the equilibrium number of foreign firms for giiehen, sincer’ ()
is decreasing im, n' (t) is uniquely determined by the zero-profit condition of the foreign firmigt) = f,

when lim_o 7' (t) > f and zero when lig,o 7' (t) < f. Therefore, we obtain

(a-2yfH2-b-2t .
a0 = @b T if t<(a-2+f)2-b)/2,

0 if t>(a-2+/f)(2-Db)/2.

(25)

Note that whem' (t) > 0, we always havg' (t) = \/T by the zero-profit condition. By substitutimg= n' (t)

into (24), we obtain the domestic firm’s equilibrium output for givexs follows:

+— if t<(@a-2+f)(2-Db)/2
O \/_ ) " (26)
2 if t>(a-2+f)(2-b)/2.
From these results, we can calculate the equilibrium domestic waifa(d = W(qI’ qa...., q):
_h\2(a2 _ (2 _ B ~ a2
W (t) = (2-Db)%(@® - aB-b)/f + (2+b)f) + 2(2- b)(2b - 1) /Tt — (4 - 30)t 27

2(2-b)?b
if t < (a—2+/T)(2-Db)/2, andW' (t) = 3a?/8 otherwise.
In the first stage, the policy maker sets the importfitdarin order to maximize the domestic welfare

WT (t). This yields the optimal level of the import téit" as in the following lemma.

Lemma 7 Suppose that Assumptions 4-6 hold and defif@®)f= a%(4 — 3b)?/(4(3 — b)?). Then, (i) if
f < fr(b), we have

o (2-b)(2b - 1)/T () = a4 -3b) - 2(3-b) /T () = (3-b)?f

4-30 b4-30)yf  F (4 - 30>’

2L ater, we can confirm that botf] (t) andq' (t) in (24) become positive in the equilibrium with> 0. See Footnote 21.

(28)
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and (ii) if f > fr(b), the optimal import tayf'is any t such that

. (a—2\/27)(2—b)’

and we have i(t") = Oandx/(t") = a%/4.

Note that the optimal import tafigiven by (28) becomes negative (i.e., import subsidy)4f 1/2.2* When
products are dticiently differentiated such th&t< 1/2, it is optimal for the domestic government to attract
more foreign firms by providing import subsidies in order to increase product variety in the domestic market.

From the result in this lemma, the maximum domestic welfare under the impdftrégime is

a2(4 - 3b) — a(12- 130 + 3b) /T + (3 - b)*f

T Ty _
W) = 2b(4 — 3b)

(29)
if f< fr(b), andW'(t") = 3a?/8 otherwise.
4.4 Comparison

Now, we compare the domestic social welfare under each regulation regime with that under the optimal
import tarif/subsidy. From Lemmas 5-7, entry by foreign firms is completely deterrédiffy(b) under
the welfare-maximizing regulation, if > fp(b) under the profit-maximizing regulation, andfif> fr(b)

under the taff policy. The following lemma summarizes the properties of these thresholds.
Lemma 8 fr(b), fw(b), and $(b) have the following properties:

(i) fr(b) <a?/4if and only if be (1/2, 1).

(i) Forbe (0,1),0< fr(b) < a?/4 and &(b) < fr(b), where R= W, P.

These three thresholds and the equilibrium entry behavior under each regime are illustrated in Figure 4. Ac-
cording to Figure 4(a), in the comparison between welfare-maximizing regulation afidtdsidy regimes,

there are three cases whier> 1/2: entry accommaodation realizes under both regimes<f © < fy(b),

21By substitutingt™ in (28) into (26), we obtain the equilibrium output of domestic fimgd&™) = (3 - b) 4//(4 - 3b) > 0.
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entry accommodation under trand entry deterrence under regulatiorfif(b) < f < fr(b), and entry
deterrence under both regimesii(b) < f < a?/4. Whenb < 1/2, there are the following two cases: entry
accommodation realizes under both regimes<f © < fw(b), and entry accommodation under subsidy and
entry deterrence under regulationfif(b) < f < a?/4. From Figure 4(b), we can see that the situation is
similar in the comparison between profit-maximizing regulation and optimdi/safsidy regimes.

First, we explore the relative performance of the welfare-maximizing regulation and the optimal im-
port tarif/subsidy. In the previous section, we showed that in a homogeneous product setting, the welfare-
maximizing regulation (i.e.q¢ = 0) always achieves higher domestic welfare than the impofi/sarbsidy
policy. The next proposition shows that even in the presence of prodieteaitiation, such regulation can

(but not always) lead to greater domestic welfare than the optimal impdftgabisidy policy.

Proposition 3 Suppose that Assumptions 4-6 hold and define

(5479 - 433F/3 + 8(54V79 - 433)/3 - 35
9(54V79 - 433)./3

b= ~ 0.212

Then, the relative performance of the welfare-maximizing regulation and the optimal impgisusidy is

as follows:

(i) for b < b < 1, we have W(T,,) > WT(t") for any f € (0,2?/4], with equality when b= b and
f < fw(b),

(i) for 1/7 < b < b, there exists a threshold, {b) € (0, a?/4] such that we have Wg,,) > W' (t") if

and only if f> iW(b),
(i) for 0 <b < 1/7, we have W(,,) < WT(t") for any f € (0,a%/4].
The exact expression cifw(b) is provided in the Appendix. In Figure 4(a), the colored area indicates
the parameter ranges where the welfare-maximizing regulation regime yields higher domestic welfare than

the optimal import taft/subsidy regime. Note that under optimal importftasubsidy regime, the domestic

government imposes an import térior b > 1/2, whereas it provides an import subsidy fox 1/2 (see
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Lemma 7). Therefore, in this proposition, the welfare level under regulation regime is compared with that
under import tafi regime forb > 1/2 and with that under import subsidy regime box 1/2.

When products are lessftirentiated lf > 1/2), since product variety is less important for domestic
consumers, the main concern of the government which maximizes domestic social welfare is to expand the
domestic firm’s market share. In this case, the regulation regime can achieve higher domestic welfare than
the optimal import-taft regime for the same reason as in the homogeneous product setting: while the import
tariff leads to a price increase which harms domestic consumers, the quantity regulation does not have such
a negative impact on consumer surplus.

However, when products are relativelyfférentiated l§ < 1/2) and domestic consumers place higher
value on product variety, this superiority of regulation regime is not necessarily guaranteed. In this situation,
the advantage of regulation regime becomes smaller because aggressive expansion of domestic firm’s output
can have a large negative impact on consumer surplus by limiting the number of foreign entries. In contrast,
the import-subsidy regime becomes more advantageous because the government can attract more foreign
entries and allow consumers to enjoy product variety. When products fiigenily differentiated, since
the variety expansionfiect induced by the import subsidy is predominant, the optimal impoft tagime
results in higher domestic welfare than the welfare-maximizing regulation regime.

Next, we compare the domestic welfare under the profit-maximizing regulation regime with that un-
der the optimal import-taff/subsidy regime. In the homogeneous product case, we showed that profit-
maximizing regulation (i.eq = 1) has the same welfare consequences as the welfare-maximizing regulation
and always yields higher domestic welfare than the impoffftsubsidy. As the next proposition shows, also
in the presence of productfterentiation, the profit-maximizing regulation has similar welfafeas as the

welfare-maximizing regulation.

Proposition 4 Suppose that Assumptions 4-6 hold. Then, the relative performance of the profit-maximizing

regulation and the optimal import tgfisubsidy is as follows:
(i) for 1/2 <b< 1, we have W(a;,) > W' (tT) for any f € (0, a%/4], with equality when = a2/4,
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(i) for (4 - V10)/3 < b < 1/2, there exists a thresholgp(b) € (0,a%/4] such that W(d;p) = WT(tT) if

andonly if0< f < ip(b).

(i) for 0 < b < (4 - V10)/3, we have W(T},) < WT(tT) for any f e (0,a%/4], with equality when
b= (4- V10)/3and f < fp(b).

The exact expression %(b) is provided in the Appendix. The colored area in Figure 4(b) represents the
parameter ranges where the profit-maximizing regulation regime leads to higher domestic welfare than the
optimal import-tarff/subsidy regime. By comparing Figures 3(a) and (b), we can see that the performance
of profit-maximizing regulation relative to the optimal t@subsidy is similar to that of welfare-maximizing
regulation; that is, the profit-maximizing regulation yields higher domestic welfare than the optimal import
tariff/subsidy policy if and only ib is suficiently large.

However, we can find a fierence between the properties of two types of regulations in Propositions 2(ii)
and 3(ii), that is, wheb falls within an intermediate range. In these two cases, while the welfare-maximizing
regulation is superior to the optimal import subsidy wtids large enough, the profit-maximizing regulation
dominates the import subsidy whéns not so large. The intuition behind thidigirence is as follows. Under
welfare-maximizing regulation fof > fy(b), the government deters foreign firms by implementing marginal
cost pricing (i.e., settingy,,, = @) and achieve$V'(qy,,) = a?/2, which is independent of the size of entry
costs. On the other hand, under optimal import subsidy, larger entry costs make it more costly to induce
foreign entry and result in lower domestic welfare. Therefore, féiicantly large entry costs, the relative
advantage of welfare-maximizing regulation becomes stronger.

In contrast, under profit-maximizing regulation for> fp(b), since the government sets the domestic
firm’s output at the minimum level necessary to deter foreign firms, larger entry costs induce the government
to reduce domestic firm’s output. In particular, when entry costs dfieigmtly large (i.e., close te?/4), the
domestic welfare level is almost the same as under unconstrained monopoly. Therefore, as entry costs are

larger, the profit-maximizing regulation is less likely to achieve higher welfare than the import sébsidy.

22Also in the presence of productfilirentiation, we can discuss the case of decentralized decision making where there are
multiple domestic firms and each of them chooses its output level to maximize its own profit. In this case, as in 3.3 of homogeneous
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5 Concluding remarks

We have investigated the quantity-control poliegulation that controls the domestic firms’ oufjoapacity
before the entries of foreign firms. By comparing this policy to the optimal impoff tae have found that
such a policy can have stronger impact on the domestic welfare than the img#rt tari

As an alternative policy option to quantity control or import fisubsidy policy, we can consider im-
posing price regulation or price ceilings on domestic incumb&Binding price ceilings could work as
a commitment device that induces the domestic incumbents to expand their outputs and thereby limit the
entries of foreign firms. Although we expect that price ceilings would result in similar outcomes to those of

guantity control in this study, we leave a detailed analysis of this issue for future research.

product setting, when some foreign firms enter the market in the equilibrium, the equilibrium structure and domestic social welfare
are the same as under the (centralized) profit-maximizing regulation. A more detailed analysis of this case is available upon request.

23There are several studies analyzing tifieeis of price ceilings under imperfect competition. For example, Molho [16] and
Chang [5] respectively explore théfects of price ceilings in a closed economy under Cournot and Stackelberg oligopoly. Mat-
sushima [15] focuses on a monopolist’s location choice between two countries and analyzes how imposing a binding price ceiling
in one country fects the location choice and overall social welfare.
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Appendix

Proof of Lemma 1

() (Q*(0),g*(0)) is one of the solution of the system of equations (2)(3). Suppose this system of equation
have a solution@’, g’) other than Q*(0), g*(0)). Since 0= p(Q*(0)) + P'(Q*(0))g*(0) — c'(g*(0)) =
p(Q)+p (Q)d —c' (') and the left-hand side of (3) is strictly decreasing botQirandg*, Q*(0) =
if and only if g*(0) 2 . Therefore, Q*(0), g*(0)) # (Q’, q) implies thatQ*(0) < Q" andqg*(0) > ¢,
or Q*(0) > Q" andqg*(0) < . Suppose thaD*(0) < Q" andg*(0) > . Then, 0= p(Q*(0))g*(0) —
c(a*©O) - f > p(Q*(O) —c(d) - f = p(Q)] —c(q) — f, which is a contradiction. Note here that
the first inequality is valid sincp(Q*(0))—c’(q) > O for allq € [/, g*(0)] by (3) and the second one is
sincep’(Q)q’ < 0. Similarly Q*(0) > Q" andq*(0) < (' leads a contradiction. ThusQ{(0), g*(0)) is
the unique solution of the system of equations (2)(3) with regar@ind®). WhenQp < Q*(0), since
there uniquely exists’ > 0 that satisfie€*(0) = Qp + 'q*(0), that isn’ = (Q*(0) — Qp)/q*(0) > O,
(', g*(0)) is the unique solution of (2)(3) with regard in*(q). Thereforen*(Qp) = 1, *(Qp) =
q°(0), andQ*(Qp) = Q*(0) must holds.

(i) Suppose that*(Qp) > 0. Then, we must hav®*(Qp) > Q*(0) sinceq*(Qp) > 0 andQp > Q*(0).
Then, from (3),q°(Qp) < q(0) since 0= p(Q(0)) + P'(Q*(0))a*(0) — ¢'(a*(0)) > P(Q*(Qw)) +
P'(Q"(Qo))a(0)-¢'(a"(0)) andp'~¢” < 0. From (2),f = p(Q"(0))a*(0)-c(q*(0)) > P(Q*(Qo))ar*(0)-
c(g*(0)) > p(Q*(Qp))J* (Qp) — c(g*(Qp)), which is a contradiction, where the last inequality is be-
causep(Q*(Qp)) — ¢'(q) > 0 for q € (q°(Qp), g*(0)) by (3). Thereforen*(Qp) = 0. It immediately
follows thatQ*(Qp) = Qp. Q.E.D.

Proof of Lemma 2

(i) Suppose thap(Q*(0)) < C’(0). Then,p(Q*(0)) < C’(Qp) for all Qp > 0. By Lemma 1p(Q*(Qp)) <
p(Q*(0)) for all Qp > 0. From thesep(Q*(Qp)) < p(Q*(0)) < C'(Qp) for all Qp > 0. Therefore, any
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additional increase iQ_D strictly reduce both the welfare and the profits of the domestic firms as well

as the convex combination of them. Th(ﬁg(a) =0 foralla € [0, 1].

(i) Suppose’(0) < p(Q’(0)) < P(Q"). WhenQp = Q*(0), Q(Qp) = Qo by Lemma 1. Sinc&’(0) >
QP by the assumption of the present case, the welfare and the profits of the domestic firms are strictly
smaller wherQp > Q*(0) thanQp = Q*(0) by the definition ofQP. Therefore, (+ a)CS*(Q*(0)) +
*(Q*(0)) > (1 - @)CS*(Qp) + IT*(Qp) for all Qp > Q*(0). Thus, by the existenc: () must be
in [0, Q*(0)]. For allQp < Q*(0), Q*(Qp) = Q*(0) by Lemma 1, that is, the total output (price) is
constant. Thus, the first-order conditipfQ*(0)) = C’(Q_B(a)) must be satisfied.

(iii) Supposep(QF) < p(Q*(0)). WhenQp < Q*(0), Q*(Qp) = Q*(0) by Lemma 1 an@’(Qp) < P(Q*(0))
by p(Q°) < p(Q*(0)). Therefore, sinc€S*(Q*(0)) = CS*(Q_D) andIT*(Q*(0)) > H*(Q_D) hold,
(1-2)CS'(Q(0)) + T"(Q"(0)) > (1~ a)CS*(Q) + IT*(Qp) for all Qp < Q*(0). WhenQp > Q,
sinceQP > Q*(0) by the assumption of the present ca®&Qp) = Qp by Lemma 1. Thus, by the
definition of Q°, the welfare and the profits of the domestic firms are strictly smaller \,@;en QP
thanQp = QP. Therefore, (+ @)CS*(QP) + IT*(QP) > (1 — @)CS*(Qp) + IT*(Qp) for all Qp > QP.
Thus, by the existencéjg(a) must be in R*(0), Q. Q.E.D.

Proof of Lemma 3

Sincec/(q) > ¢/(q) foralli = 1,...,m, q"(0) > O by Assumption 3. Thus, when= 0, (Q"(0),q(0))
satisfies (7) and (9) with equality.Q{(0), g*(0)) satisfies (2) and (3), and this system of equation is ex-
actly the same as (7) and (9) with equality. Since the said system of equation never has multiple solutions,
(Q'(0),97(0)) = (Q*(0). a*(0)).

As far asq' (t) > 0 (n"(t) > 0), (7) and (9) are satisfied with equality. Totallyffdrentiating these two

equations yields

-1 -1-c¢’|[dQ"(t)/dt] [1
-q" p-c —t||dg'(t)/dt| " [g"|
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Note thatp — ¢’ —t > 0 by (7). Hence, we haveQ' (t)/dt = [(p-¢ —t) +q" (L + ¢”)]/A < 0, where
A=—-(p-¢ -t)—q"(1+¢”) <0, anddq' (t)/dt = 0.

Further, supposeplT (t) > 0. Then, (8) is satisfied with equality andidirentiating this yields

dg’ )"
dt 1+c¢” dt

Q.E.D.

Proof of Lemma 5

Defined;, 43, andgd,, respectively as

a-(2-nf . @-byf
N T

~.)\2
L Gw = S p) @] =2

Ay = arg_max{ac_]l -5
a1

whereq],, is the maximizer of (21) with respect tp. Note thatw*(q,) is continuous at; = g;. Since we

have
. . 2a(l-b)-(4-3b+b?)4f
B w = 2(1-b)b

g2, is valid as long ag < 4a%(1 - b)?/(4 — 3b + b%)2. Similarly, since we have

. (2-byf-al-b

qgw_ 1 b

qd,, is valid as long ag > a?(1 - b)?/(2 - b)2. Note that since

48°(1-b? aX(1-b)> a’b(1-b)*8-5b+b?
(4-3b+b?)2  (2-b?  (2-0)?(4-3b+b?)?

for all b € (0, 1), bothgd,, andgg,, are valid fora?(1 - b)?/(2 - b)? < f < 4a%(1 - b)?/(4 - 3b+ b?)2. By
solvingW*(cf,) = W*(q‘ljw) with respect tof, we obtainfy(b) given by (20) and we can confirm that for

allbe (0,1), 2 2
4a2(1 - b)

a2(1 - b)?
(4-3b+ 022

PR fw(b) <

29



Therefore, iff < fw(b) wherew*(q3,,) > W*(q‘l’W) holds, we haveyy,, = dj,. On the other hand, if
f > fw(b) wherew*(qj,,) < W*(q‘iw) holds, we havey;,, = q‘iw. By substituting these domestic firm’s
output into (17) and (18), we obtain the equilibrium number of foreign firms and domestic firm’s profit.

Q.E.D.

Proof of Lemma 6

Defineqf, andq‘fP respectively as

(2-b) T

e = argmaf(2 - b) Via - (1= @) = S5

— a
qu = argmaxa - qi)g. = 5
(¥} 2

Note thatr}(q:) is continuous atj; = g;. Sincea > 2\/7 by Assumption 6, we obtaig; — qu =(2-
b)(a-2+/f)/2b > 0. This implies thatr} (o) is strictly decreasing foqy > of;. Thus,qj, = ofp if ofp < 0
andqgj, = q; if of; > g;. By substituting these domestic firm’s output into (17) and (18), we obtain the

equilibrium number of foreign firms and domestic firm’s profit. Q.E.D.

Proof of Lemma 7

Denote the maximizer of (27) with respectttby

o (2-Db)(2b-1)4/f
a 4-3b '

Note thatq! (t), n"(t), andx] (t) are continuous at = (a — 2+/)(2 - b)/2 and so iSW'(t). In addition,
whent > (a- 2\/7)(2 - b)/2, we haveW' (t) = 3a?/8, which is constant with respect to Therefore, if
t? < (a-2+/f)(2-b)/2, we have™ = t2. On the other hand, if > (a—2+/f)(2-b)/2, the maximum value
of WT(t) is 3a?/8 and any taff level higher than or equal t@( zﬁ)(z — b)/2 is optimal for the policy

maker. By substituting these optimal thtevel into (25), we obtain the equilibrium number of foreign firms.
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In addition, sincerI(t) = (qI(t))z, we can derive the equilibrium domestic firm’s profit by using (ZB)E.D.

Proof of Lemma 8

() From the definition offr(b), we havef{(b) = —-5a%(4 — 3h)/(2(3-b)®) < O for allb € (0,1) and

(ii)

fr(1/2) = a?/4. These imply thafr(b) < a?/4 if and only ifb € (1/2, 1).

First, we show the properties &(b). From its definition, we havé/(b) = —-8a%b(1-b)/(2-b)®> <0
for all b € (0,1), fp(0) = a2/4, andfp(1) = 0. These imply that & fp(b) < a?/4 for allb € (0,1). In
addition, we have

a2(28 - 44b + 2007 — 36%)(4 — 12b + 1207 — 3b%)

43— b)%(2 - b)? (30)

fr(b) - fp(b) =
Since this is positive fob € (0, 1), we conclude thatr (b) > fp(b) for b € (0, 1).
Next, we focus orfy(p). From (20), we havéw(0) = a?/4, fw(1) = 0, and

. 4d%(1-b)
(8- 3b— 202 + b3)3

fiy(b) = |172- 333 + 333? - 1860° + 540" - 9b° + b°

—V1-Db(148- 28% + 2100° - 920° + 260" - 3b°)| . (31)

Since the expression in the bracket of (31) is positive fao &li(0, 1), we havef,, (b) < 0 forb € (0, 1).
Therefore, we can see thakOfy(b) < a2/4 for allb € (0, 1). In addition, we have
612
4(3-0)%(8 - 3b — 2b? + b3)2
—16(3- b)*((1 - b)?(10— 9b + 4b? — b%) — 2(1- b)/?(3 - b))] .

fr(b) — fw(b) = |(4-3b)%(8 - 3b— 207 + b?)?

We can confirm that the expression in the bracket of this equation is positive foed0, 1). There-

fore, we haveft(b) > fw(b) for b € (0, 1). Q.E.D.
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Proof of Proposition 2

First, we focus on the parameter rangebaf (1/2,1) andf e [fr(b), a?/4]. In this case, Lemma 8 implies
that foreign entry is deterred under both regimes and that the equilibrium welfare is giver{dy,) = a®/2
andWT' (t") = 3a%/8. Therefore, we always haW&*(qj,,) > W' (tT).
Second, we focus on the parameter range ®{0, 1) andf € [0, fw(b)), where some foreign firms enter
in the equilibrium under both regimes and the equilibrium welfare is given by (21) and (29). Then, we have

(=4 + 24b — 2707 + 14b° — 3b%)

W (@) - W' (tT) = 8(1- b)b(4 - 3b)

(32)

The sign of the right-hand side of (32) is determined by the sigadof 24b — 27b? + 14b% — 3b* in the
numerator. Since this is positive if and onlybit> b, we havew(q;,,) > WT(t") if and only if b > b.

Finally, we focus on the parameter rangebot (0,1) andf e [fw(b), min{a?/4, fr(b)}), where the
equilibrium welfare is given bW*(q;,,) = a?/2 and (29). Then, we have

a2(—4 + 7b - 3b?) + a(12 - 13b + 30) /T — (3 - b)f

W (G) - W) = S —

(33)

Note that the sign of the right-hand side of (33) is determined by the sign of the numerator. Then, this is

positive if and only ifiw(b) < f < fyy(b), where

a2(4 - 3b)(2 - b— b(&—13D))

a2(4 - 3b)(2 - b+ Vb{@—30))
2(3— b)?2 ’ ‘

Fulo) = 2(3- D)2

MCR

By direct comparison, we can confirm thit(b) > a?/4 for all b € (0, 1). Then, we only have to focus on
iW(b) and we have the following three cases. First, when(0, 1/7], we can confirm thaﬁw(b) > a?/4.
Therefore, in this case, we always ha(a;,,) < W'(t"). Second, foib € (1/7,b), we havefw(b) <
iw(b) < a?/4 < fr(b). Therefore, we haveVv'(qy,,) 2 WT(t") if and only if f = iw(b). Finally, when
b € [b,1), we can see thajw(b) < fw(b). Therefore, in this case, we always hate(q;,,) > WT(t").
Q.E.D.
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Proof of Proposition 3

First, we consider the parameter rangédaf (1/2,1) andf < [fr(b), a?/4]. In this case, Lemma 8 implies
that foreign entry is deterred under both regimes and that the equilibrium welfare is given by (23) and
WT(t") = 3a?/8. Then, we have

(2-b)(a-2)@aEb-2)+2(2- b))
8h? ’

W*(Gp) - W' (tT) = (34)

Whena = 2/f, we can easily see tha¢*(q,) = W' (t"). On the other hand, whem> 2/f, the sign of
the right-hand side of (34) is equivalent to the sigrggfi(b, f) = a(3b - 2) + 2(2- b) \/T Sincegqq(b, f)
is increasing inf andggq(b, fr(b)) = a(2 + b)/(8-b) > 0 forb € (1/2,1), gqq(b, ) is positive for any
b€ (1/2,1) andf € [fr(b), a?/4]. Therefore, we havev* () > WT (t").
Second, we focus on the parameter range ®f0, 1) andf € [0, fp(b)), where some foreign firms enter
in the equilibrium under both regimes and the equilibrium welfare is given by (22) and (29). Then, we have

(=4 + 200 — 240? + 14b% — 3p*) f

W () - W' (") = 8(1- b)b(4 — 3b)

(35)

Note that the sign of the right-hand side of (35) is determined by the siga #2200 — 24b? + 14b3 — 3b* in
the numerator. Since this is positive if and onlpit (4 - V10)/3, we havew*(q;p) > WT(t") if and only
if b> (4— V10)/3.

Finally, we focus on the parameter rangebok (0,1) andf e [fp(b), min{a?/4, fr(b)}), where the
equilibrium welfare is given by (23) and (29). Then, we have

a?X +aY+[f - Zf
202(4-3b)

W (@p) - W (") = (36)

whereX = -4+ 7b—3b%, Y = 16— 24b + 130 — 3b3, andZ = 16— 1% + 10b? — 2b3. Let the numerator of
(36) be denoted bgga(b, f). Note that forb € (0, b), the discriminant ofjga(b, f) = 0, Y2 +4XZ, is negative.
In this case, since we hagga(b, f) < 0 for anyf > 0, we always hav&V*(q;p) < WT(th.

On the other hand, fdy € [6, 1), we havegya(b, f) > 0 if and only ifip(b) < f < fp(b), where

a2(Y2 + 2XZ - Y VYZ + 4X2)
272 ’

a2(Y2 + 2XZ + Y VYZ + 4X2)

To(b) = -

£ -
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By direct comparison, we can confirm th_hpt(b) < fp(b) for all b € [b,1). Then, we only have to focus
on fp(b) and we have the following three cases. First, whea [b, (4 - V10)/3], we can confirm that
fp(b) < fp(b). This implies that we always havwd/* (o p) < WT(t") in this case. Second, fdr e ((4 -
V10)/3,1/2), we havefp(b) < fp(b) < a?/4 < fr(b). Therefore, we havev*(q;p) 2 WT(t") if and only

if f = fp(b). Finally, forb € [1/2,1), we can see thatr(b) < fo(b). Then, in this case, we always have

W (&) = WT(ET). Q.E.D.
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Figure 1: Comparison of domestic social welfare when the number of foreign firms is exogenously fixed.
This is a numerical example assuming that 100,b =1, m=1,n = 10,¢ (1) = yqi, andc;(q;) = 0 for
i=2..11.
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Figure 3: Comparison of domestic social welfare under quantity-control arfitireggimes.
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