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Abstract

The effect of quotas on firms’ incentive to invest
in cost-reducing R&D is studied in a two-stage price-
setting duopoly game. A domestic and a foreign firm
choose initially R&D efforts and then set the prices
of their differentiated products in the doinestic mar-
ket. With a quota imposed at, or close to, the free-
trade level of nmuports, the domestic firm faces less
competition than under free-trade and chooses to in-
vest less in R&D. Countrarily, the constrained foreign
firmi invests more in R&D as the negative strate-
gic effect of a reduction in its cost is now absent.
These results differ from the Cournot duopoly case
in which R&D expenditures are lower for both ﬁnn.::.
We also show that as the quota becomes more re-
strictive, the domestic firm increases and the foreign
firm decreases its expenditures on R&D. Finally, we
show that domestic welfare is always higher under
free-trade than under any quota regardless of tile

degree of product substituability.
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1 Introduction

The use of trade policies aimed at protecting domestic industries is some-
times justified using the “infant industry” argument. Those in favor of this
tvpe of policies argue that trade protection is industry-promoting in the sense
that domestic producers. sheltered from foreign competition, can choose long-
run strategic variables'. which will ensure long-run gains in profitability?.
Investment in cost-reducing innovation is one of such strategic variables.
Proteccionjst measures have been shown to affect this variable choice in the
“wrong” direction, as shown by Reitzes (1991).

Reitzes (1991) looks at the impact of quotas (and tariffs) on strategic
R&D behavior. Using a two-stage Cournot duopoly game, where firms ini-
tially choose R&D levels and subsequently compete in quantities, Reitzes
shows that both the domestic and the foreign firm choose lower levels of
cost-reducing R&D when a quota is set at the free trade level of production
than under free trade. The reason for the decline in R&D is that, in the
presence of a quota, the strategic value of R&D vanishes. With a quota,

the domestic firm becomes a monopolist on the residual demand, and thus

!Examples of strategic variables are quality, R&D investment, expenditure on innova-
tion etc..

2This is the political economy argument towards infant industry protection. The eco-
nomic argument for industry protection refers to spillovers. Either of these two arguments
may be behind proteccionist practices. In this paper, we are concerned with the former
argument. The case of India. where industrialists wholeheartedly supported the erection
of import barriers, leading to the erection of substantial regulatory barriers, is an example
of the desire to ensure the ’growth’ of domestic industry through protection (Kujal, 1996). . -



chooses its cost-minimizing level of R&D expenditures. The {oreign firm,
constrained by the qua.nt.i.ty it may sell, will also have less incentives to in-
vest in cost reduction. With the exception of Reitzes (1991), very little has
been written on the effects of this type of protection on firms’ investment in
cost-reducing assets. '

In this paper, the objective is to study whether Reitzes’ (1991) results
still hold under price competition, since it is known that price competition
produces effects on incentives to innovate which differ from the Cournot
competition case. For instance. Bester and Petrakis (1993) show that if
the domesiic and the foreign goods are relatively close substitutes, Cournot
competition provides weaker incentives to invest in cost-reducing R&D than
Bertrand competition.

Contrary to Reitzes’ (1991) results (where both firm invest less in R&D)
it is shown that in a price setting game, when a quota is set at the free trade
level, the domestic firm lowers and the foreign firm increases its expenditures
on R&D. Under price competition, foreign investment in R&D has a nega-
tive indirect (strategic) effect on foreign firm’s profits: more foreign firm’s
investment in R&D makes the domestic firm lower its price, which in turn
results in lower price and profits for the foreign firm. This makes the foreign
firm “underinvest” in R&D. With the introduction of a quota, this negative
effect disappears and investment in R&D increases necessarily for the con-
strained case. Under Cournot competition, the‘ strategic effect has just the
opposite sign, which éxplains this reversal in results. On the contrary, and

as in Reitzes (1991), the domestic firm underinvests in R&D because, after




the 1mposition of the quota, it faces less competition from the foreign firm.

We further show that Athese qualitative results depend also on how re-
strictive the quota is. As the quota becomes more restrictive the domestic
firm increases and the foreign firm decreases its expenditures on R&D. For a
restrictive enough quota. the (lomestic firm’s level of R&D expenditure may
exceed the free tracle level, and the foreign firm’s may decrease relatively
to the free trade case. These results are important since, unlike suggested
by the infant industry protection argument, strategic variable choices may
change in the “wrong™ direction: if less R&D takes place domestically while
the foreign firm increases its own effort to reduce costs, the relative domestic
production cost increases. This also renders less likely that protection will
be just temporary, if the domestic firm is to survive future competition. Do-
mestic RED efforts may increase, but this can only be achieved if the quota
is restrictive enough.

Finally. we show that domestic welfare is always maximal . under free
trade independently of the degree of product differentiation. i'his result con-
stitutes a strong argument against this type of proteccionist policies. If the
country wishes, nevertheless, to impose a quota, the “optimal quota” de-
pends on the degree of product differentiation. If the goods are close enough
substitutes, it is optimal to set the quota at zero, i.e., to completely shut
the foreign firm out of the domestic market. If the goods are significantly
differentiated, then the optimal quota level is the free-trade level of produc-
tion: This may explai‘n why in many developing countries, close substitutes

to domestic production were completely shut out of the market.
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The paper is organized as follows. In Section 2 the model is presented
and equilibrium under free trade determined. In Section 3, equilibrium after
the imposition of an import quota is determined for a sequential move price

setting game. Section 4 presents the welfare analysis and Section 5 concludes.

2 The model under free trade

There are two firms, one domestic and one foreign. Firms produce goods
which are imperfect substitutes and sell their production in the domestic
market only. Firms face the following (symmetric) demand functions?:

1

=TT [a(1 =) = pi +5p5), 4,J =12 (1

~ measures the degree of product differentiation. As v goes to zero,
each firm becomes a local monopolist. When 7 goes to one, firms’ goods are
almost perfect substitutes. To avoid corner solutions, we shall assume that
- < 0.827891. The domestic firm is denoted by 7 = 1, and thé foreign firm by
i = 2. Both firms have initially the same unit production costs, ¢. Firms can
invest in R&D in order to reduce their unit cost. In particular, by investing

T' firm ¢ will reduce its cost by A;.

Firms play a two-stage game. In stage one, firms simultaneously decide on

how much to invest in cost-reducing R&D. In stage two, given the (reduced)

3These are the demand functions of a representative consumer with utility u(z;,z;) =
alz;+z;)—(z} + :L'Jz- +29z;z;)/2+ m with m representing money. following Dixit (1979).
Resulting inverse demand is p; = a — z; — vz;5.
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unit cost, firms decide simultaneously on which price to set. It should be
noted that R&D has a co:ﬁmitment value in this context. Firms can use R&D
strategically to improve their position in the subsequent market competition
game. The problem is solved recursively for the equilibrium outcomes, i.e.,

we restrict our attention to the subgame perfect equilibria.
(i) the market competition stuge

Firm z chooses p; to maximize profits:
max[p; — (¢ — Az pis p))-

p; and 2, are taken as given. This defines each firm’s reaction function:

a(l —7)+c— A+ vp;
D= b,'(])jiﬂi) ( 7) 5 P.;. (2)

-

In figure 1, firms’ reaction functions under free trade are depicted. The

dashed line b;(p;) represents the price firm 7 will choose to set given firm j’s

]

price p;.
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(3)

Then equilibrium prices and profits are:
{la(l = 7) + (2 +7) = 2A; = vA;},

]
(4)

pi =
4 — 42

<&

__(pimc+ A} A2
=

Iy

and

{ii) the RED stage
Firm 2, given A;, chooses A; to maximize its profits (defined in (4). From

the first-order conditions and symmetry we obtain optimal R&D spending,
(5)

output and price for each firm:
2(2-7%)
A" = ———(a—¢),
D(x) (-4
. 4= A
X _2(2_72)A, (6)
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1

prEs——le(1 -5+ = A7 (7)
Firms’ profits are then given by
T‘-_ - 8 - 16‘/2 + 7’)‘4 - 7’6((L _ c)2 (S)
D(7)? - '

where D(v) = (1 + 4H2 ~ 7){4 = v%) = 2(2 = ¥?).

Note that under price competition a firm has less incentives to invest in
cost-reducing R&D than under a pure cost-minimizing strategy. There is a
negative strategic effect when firms compete in prices. As a response to firm
7’s reduction of unit cost. its rival decreases its price (see (3)), thus shifting-in
i's demand function. Firm 7 has now to reduce its price in order to sell the
same output. By lowering its R&D expenditures beyond the cost-minimizing
level. a firm can commit to a softer competition in the subsequent market

game.

3 Equilibrium under import quotas.

In this section we assume that the domestic government precommits to a
given quota level & before the firms decide how much to invest in R&D. For
illustrative purposes we shall concentrate on the anaLlysis of the case where
a quota is set at the free-trade level of imports. A similar reasoning applies
to the case of more restrictive quotas. Henceforth, firm 2 (the foreign firm)
is assumed to be restricted to sell no more than Z units, with Z being set at

the free-trade level of imports as defined by (6).
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3.1 The best response functions

As szown by Krishna (1989). the imposition of quantity restrictions alters
firms® i»est response functions in the market competition stage®. Let us define
fipy. 7+ as the foreign firm’s price level that yields a demand for its good just
equal te T. Clearly, this is a function of the price selected by the domestic firm
M- In Sgure 2, f(p1,%) is represented by the dashed line between b,(p,) and
b1{p2). Since the quota is set at the free-trade equilibrium level of production,
this line has to go through the free-trade equilibrium point (the point where
the original reaction functions bi(p;) intersect). Above f(p;,Z), the foreign
firm 1s bound by the restriction while below it the restriction is not binding.
Firm 2°s best response is not altered from the free-trade case if p; < p” since
optimal pricing decisions do not involve firm 2’s production exceeding Z: the
domestic firm’s price is low enough for firm 2’s production to be below its
free trade level, now the quota level. However, if the domestic firm’s price
exceeds the free-trade equilibrium price, i.e. if p; > p*, then, in the absence
of a quota, the foreign firm would like to produce more than z. But that is
no longer possible. The foreign firm’s best response is then to select a price
high enough so that its demand is just equal to the quota level Z. In this
case, the best response function coincides witﬁ the f(p;,Z) line. Firm 2’s -

best response function is depicted in figure 2, given by the kinked full line

4The derivation of the best response functions that follows draws on Krishna (1989).
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and s defned byv:

ba(py) i £ p7.
1',.’(1)115:) =
f(pr.&) i py > p.

T'sing 1) this can be written as:

; - {”(1 —7)+c— D+ 9y
f. py..0 = max 5

(1l =)= (1 —72);T'+71>1}.
L=t us zow turn to the determination of the domestic firm’s best response
“unciion. _et us define F(ps, T) as the function that determines the domestic
orice leve. which. given p,, vields a demand level for the foreign product
=xacily e':;'::al to ¥. Graphically, F(p,.7) coincides with f(p;, &), since one
“unction i: the inverse of the other, by definition. When firm 2 is bound
Sy otze qunta level, then domestic firm's demand depends only on its own
srice: py = « — 1y — v%. Hence, above F(py,7). the domestic firm’s isoprofit
-urves are horizontal and there is a unique price, p;, which maximizes its
srofits. Ir this case, some consumers are rationed by the (low-priced) foreign
irm. Ass:zme the following rationing rule: consumers lucky enough to buy
-he foreigz firm’s good, are able to resell it costlessly in t};e market. This
situation is equivalent to the foreign firm selecting a best reply to 5,. This,
‘n turn, grarantees a profit level of V to the domestic firm, the same as the
profits that a Stackelberg leader, who makes the quota bind on the foreign
firm. can zchieve.
Below £(p;,7), the domestic firm’s isoprofit curves remain the same as
under free-irade. As a result, isoprofit curves are kinked along F(p,, Z), and

moreover they are not convex anymore. If the foreign firm’s price is higher

11



than p,, then the domestic firm can reach a profit level higher than V by
choosing not to make theA foreign firm bound by the quota. If, however, the
foreign firm’s price is lower than p,, the domestic firm can always guarantee
profits of ¥V by choosing f;. Firm 1’s best response function is given by the

two dark dashed lines in figure 2 and is defined by i)l(p-z,:t):

) P if p; <,
pr=bi(p2, 3) =

bi(p:) if p2 2 1)

It should be noted that firm 1’s best response function is not continuous

and that it assumes two values when p; = p, (the same profit level V can be

reached charging either f, or f,).

3.2 Equilibrium with séquential moves



When firms choose prices simultaneously. there is a unique equilibrium
in mixed strategies in the'ma.rket. competition game where the foreign firm
chooses p, and the domestic firm randomizes over (p;,p;), (see Krishna
(1989)). In this equilibrium the domestic firm always obtains profits of V:
the profit level that a domestic firm could attain as a Stackelberg leader that
makes the quota bind on the foreign firm. The domestic firm is, thus, indif-
ferent between being a price leader or choosing its price simultaneously with
its rival. The foreign firm, however, obtains strictly lower profits than the
Stackelberg follower's profits®. As a result. we argue that it is reasonable to
assume that the foreign firm will let the domestic firm set its price before it
chooses its own. since by acting as a Stackelberg follower in the price com-
petition game it guerantees higher profits. Hence, the imposition of a quota
changes the nature of the game. We therefore assume that the firms choose
their prices sequentially with the domestic firm being the Stackelberg leader
and the foreign firm the Stackelberg follower in the price setting game (as in
Harris (1985))°.

So far we have only treated the case of a quota imposed at the free-trade

$This is true since a Stackelberg follower (foreign) firm sets a higher price than in the
simultaneous move game (p2 > p:_,) and, moreover, it sells always at the quota level . As
we saw, under simultaneous choice of prices, the foreign firm sells at the quota level onty
when the domestic firm sets its price at p;, while it sells less than # when the domestic
price is p1. in the mixed strategy equilibrium. Thus, the foreign firm attains higher profits
whenever it acts as a Stackelberg follower.

$Note that qualitatively similar results hold even when firms set their prices simultane-
ously. For the reasons mentioned above and given that mixed strategies in the simultaneous
move game significantly complicate the ahalysis, we have opted for exposing the sequential
move game only. The analytical treatment of the Bertrand game is available upon request.

13
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level of imports. A similar analysis applies to more restrictive quotas. In
what follows. we take as givell that the imposition of any quota alters the
sequence of price choices in the market game.

The game becomes a 3-stage game. In the first stage. both firms select
R&D levels. In the second stage. the domestic firm sets its price. and in the

third stage. the foreign firm selects its price.
(1) stage-3

Given ). A, and py, the foreign firm sells I, and charges the market

clearing price:

p2=fp1,E) =a(l —=9) = (1 =7")T + 2p (9)

(i1) stage-2

The domestic firm is now a constrained monopolist facing a residual de-
mand 1, = Dg(p;) = ¢« — 4% — p;. Then its profit maximizing price and

output levels are:
a+c—9% — 4

n= 9 ’ (10)
:v1=a_c_;$+A1A. (1)

Resulting profits are

_ (a"C—’Yf'i‘Al)z_A_?
= " 5

T

(12)

14
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It should be noted that the domestic price and profits do not depend on
A,. Note also that, when the quota is binding on the foreign firm, R&D has
no strategic value for the domestic firm. Hence, it will simply choose the
cost-minimizing level of R&D, acting as a constrained monopolist.

Substituting (10) into (9). we ob.ta.in tle foreign firm’s price and profits:

P2 =

a2=7)—(2=9))F+ (c = Ay )y .
5 ! (13)

2

A
—-c+A2}:Z'—72 (14)

Note that, whatever the reduction of its unit cost, the foreign firm always

o {0(2— )= (2=798)7+ (c— A1)y
Ty = o

&

sells at the quota level. As a result, its marginal revenue from a reduction in
its unit cost is simply equal to the quota level itself. Hence, the imposition
of the quota removes the negative strategic effect which was present under

free-trade price-competition.
(i) stage-1

Maximizing profits as defined by (12) and (14), and solving the first-order
conditions, we get the optimal R&D levels for the domestic and the foreign
firms:

Ai=a—c-7z (15)
Ay=z (16)
Domestic R&D decreases with the quota level. As the quota becomes more

restrictive on the foreign firm, the domestic firm’s residual demand increases

15



and thus also the profitability of a reduction in its unit cost. Contrarily,
foreign R&D levels increase with the quota level and in a one-to-one relation.
This is because, as we saw, the foreign firm’s marginal revenue of a reduction
n unit cost is equal to the quota-., while the marginal cost is A,.

Figure 3 depicts A;asa function of the level of the quota & imposed on

the foreign firm.

t A '2
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150 : o
X, NN, X~ X
Figure 3

Finally, prices, quantities and profits can now be determiPed:

m=c (17)
pr=a(l=7)-zZ(1-7")+cv (18)
fHh=a-c—7% (19)
fo=12Z (20)

i = M (21)

16
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fr=Sa- Q-+ aed -] (22)

-

Domestic profits increase as the quota hecomes more restrictive, since

more residual demand allows the domestic firm to attain higher profit levels,

while foreign profits decrease’.

Proposition 1 : The domestic firm invests less in cost reduction (Al < A7)
Jor a quota set at, or close to, the free-trade level (X = 2*) than under free

trade. s the quota (Z) becomes more restrictive. Ay increases.

Proof: With a quota set at the free-trade level, i.e., with Z = z*, the
resulting investment in cost-reducing tecnology (A;) will be below the free

trade value (A®):

Ajpmary= Ba—0) 20—

D7) D 2

A; 1s decreasing in T since A} = ¢ —¢c—7%. u

Proposition 2 : The foreign firm invests more in cost reduction (Az >
A™)than under free-trade when a quota is set at, or close to, the free-trade
level. Investment in RED decreases with the restrictiveness of the quota. If
the quota is sufficiently restrictive (in particular for T < A*), the foreign

firm invests less than under free trade.

“this is easily shown.
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Proof: With a quota set at the free-trade level, i.e., with ¥ = 27, the result-
ing investment in cost-redkucing technology (A;) will be above the free-trade
level (A"): A,z = ") = a~ > A" (from (6)). Since A, = z, this implies
that, for levels of restriction less than free trade level of innovation T < A™,

the foreign firm will invest less than it does under free trade. n

When a restraint is set at the free-trade level of imports the foreign firm
chooses to innovate more and the domestic firm less®. The results under
price competition differ from those obtained under Cournot competition,
where bOtl'l the domestic and the foreign firm lower their R&D expenditures
after the imposition of the quota (Reitzes (1991)). The reason is that, under
Cournot competition. foreign R&D spending has a positive indirect (strate-
gic) effect on foreign firm’s profits, while under Bertrand competition this
effect is a negative one. Under price competition, a foreign firm’s increase
in R&D spending leads the domestic firn to lower its price, which in turn
results in Jower price and profits for the foreign firm. The foreign firm thus
“underinvests” in R&D when there is free trade. Once a quota is imposed
this strategic effect vanishes. since the domestic price no longer depends on
foreign firm’s choice of R&D spending. Consequently, more investment in
cost-reducing R&D takes place in the constrained case than in the uncon-
strained case. The effect on the unconstrained domestic firm is just the

opposite. It spends less on R&D after the imposition of the quota because

81t should at this point be stressed that both propositions 1 and 2 hold under the
simultaneous move game. Proofs are available from the authors upon request.

18
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it faces less competition (since the [oreign firm is now constrained).

4 “Welfare

In this section two questions are analyzed: () If a quota is to be imposed
on the foreign country. which is the optimal quota level that the domestic
country should select. if the objective is to maximize domestic welfare? and
(17} Does thjs restriction on trade improve domestic welfare?

To compute the consumer surplus. recall that preferences are quasi-linear®

Hence.

—~

.
. 1

CS = a(d) + 29) -

+ &4 29EdE . L
5 — 1T — P22,

Using (17) - (20) and simplifving. we get:
1 oy
CS = 3{(a- o) + (1 —+H)7Y (23)

Total domestic welfare (T'117) is defined as the sum of the consumer surplus

and the domestic firm's profits:
TW =CS + 7.

Then, using (21) we get

~)
~

o

TW = (a — ¢}’ = v%(a — ¢) +

I

(24)

NS

#See footnote 2.
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It can easily be seen that total domestic welfare initially decreases with Z,
it reaches a minimum at z" = v(a — ¢) and then increases with z. Hence, it
reaches its maximum either at Z = 0 or at £ = 2* depending on the degree
of product substituability.

Figure 4 represents total welfare'as a function of the product differenti-
ation parameter, v'%. TW(z = 0) represents total welfare when the foreign
firm is shut out of the market, which is given by (a — ¢)? and is indepen-
dent of the degree of product differentiation. TW(z = z*) represents welfare
when the quota is set at the free-trade level of production. It can be shown
that shuting out the foreign firm is optimal for the domestic government if
v < 0.391247. while imposing a quota at the free-trade level of imports is
optimal for v > 0.391247.

On the other hand, under free trade total welfare is TWgr = CSg + #~,

where (see footnote 2)
CSp = 2az" — 2% — yz"* — 2p"2”

Using (6) - (S) and simplifying, we get: :

9 16~ — 24~2 — §~3 4 5__ .6
TWy = 4416y — 2474 -8+ 8y +9° -7 (a—c)? (25)
(4 +4y =492 =3 +74)?

10WWe will restrict our attention to ¥ < 0.827891 since this condition is necessary to
guarantee 77 > 0.



1.5(a-¢ );'

T\\.F
2 .-
(a-c) : TW(x=0)
:\:T\\'(;=\‘)
. . > v
1.391247 1.827891
Figure 4

In figure 4. total domestic welfare under {ree trade is represented by the
upper line. That is. {free trade leads to a higher domestic welfare than the
optimal restriction for any value of the product substituability parameter.

One can then conclude that. if a quota is to be imposed, it is optimal to
set ¥ = a” il v < 0.391247 and to set ¥ = 0 if v > 0.391247. This is along
the line of the import substitution argument: closer substitutes to domestic
goods are subject to tighter import restrictions. However. welfare is higher if
there is free trade. This result is true for any degree of product differentiation.
The reason is that quotas act as collusion facilitating practices. As a result,
consumers pay much higher prices after the imposition of the quota. and
thus consumer surplus is reduced substantially. The increases in domestic
firm's profits, on the other hand. is not enough to compensate for the loss

in the consumer surplus. This constitutes a very strong result against the

imposition of quotas.



5 Conclusions

This paper shows that. under price competition. when a quantity con-
straint is imposed at the free trade level of production. or close to it. the
foreign firm increases its expenditures on R&D. The domestic firm. however.
chooses to spend less than in the absence of that quantity restriction. These
results differ from the Cournot competition case analvzed by Reitzes (1991).
Under price competition. foreign investment in R&D has a negative strategic
effect on foreign firm'’s profits: more investment in R&D by the foreign firm
makes the domestic firm lower its own price. which in turn results in lower
foreign firm'’s price and profit levels. With the introduction of a quota this
negative effect disappears and foreign firm's investment in R&D necessarily
increases. Under Cournot competition, the strategic effect has the opposite
sign. which explains this reversal in results for the foreign firm.

We further show that this paper shows that, as the quota becomes more
restrictive. the domestic firm increases its spending on R&D while the foreign
firm decreases it. In this sense, results in line with the "in%ant-industry"
argument in favor of protection can be achieved with a quota but only if it
is sufficiently restrictive. Additionally, we show that the optimal quota level
(i.e. the quota level that maximizes domestic welfare, given that a quota
T will be imposed at or below the free-trade level of production) depends
on the degree of product differentiation. For large enough values of v (in

particular for v > 0.391247) it is optimal to have the foreign firm shut out of

[V
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the home market(t = (). Otherwise. the level of restriction that is optimal
is the free trade level of pr.oduct.ion. As in the “infant industry™ argument,
industries producing close substitutes to potential imports desire protection.
Finally. it is shown that domestic welfare is always lower iu the presence
of a quantity restriction than under free trade. This result is independent
of the degree of product differentiation. or the level of the restriction. This
constitutes a strong argument against the imposition of quantity restrictions,
such as quotas and VERs. The empirical evidence from countries that used
this tyvpe of regulatory policv clearly does not lend support to the infant

industry protection argument either.
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