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Abstract. In this paper we study the optimal import policy in an oligopolistic
market with a given number of quantity-setting firms. In the absence of fixed
costs, we show that if the policy instrument is an import quota, the optimal
policy is either free trade or autarky, while if the instrument is a tariff the optimal
policy is neither free trade nor autarky. In the case of fixed costs, we show that
contrary to the traditional protectionist argument, a restrictive import policy might
increase domestic welfare by increasing domestic consumers’ surplus, instead of
increasing domestic profits.
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1 Introduction

There is a sizable literature studying the strategic import policy, i.e. the effects
of economic policy in a oligopolistic market subject to foreign competition [see,
for instance, Dixit (1984); Helpman (1984); Buffie and Spiller (1986); Eaton and
Grossman (1986); Laussel et al. (1988); Markusen and Venables (1988); Das and
Donnenfeld (1989); Krugman, 1989; Ono (1990); Krishna and Thursby (1991);
Barros and Cabral (1992)]. Such effects look different from those under perfect
competition, as often occurs in a second-best framework.
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Trade policy under positive fixed costs has been studied by Dixit and Kyle
(1985), Motta (1992) and Rowthorn (1992). The closest paper to ours’ is that by
Horstman and Markusen (1992). They show (in a model somewhat different from
ours’) that small changes in tariffs may yield large effects on welfare. However,
they do not characterize the optimal trade policy.

In this paper, we focus our attention on #seond-best import policy, i.e. the
optimal import policy with the restriction that the domestic market is oligopolis-
tic. In order to make our point, we take the simplest model, namely Cournot
equilibrium with a given number of firms and an unique foreign firm. The task
of this paper is to characterize the shape of the second-best trade policy under
two alternative policy instruments: quotas and tariffs.

We first analyze the no fixed cost case. We show the following:

1) When quotas are the only policy instrument, second-best is neither a small
guota nor a quota for which domestic production is almost zero (see Proposition
1(i)). The second best is either free trade or complete protection (see Proposition
1(ii)). If domestic firms are efficient (resp. inefficient) relative to the foreign firm,
complete protection (resp. free trade) is second-best. If domestic and foreign firms
are identical, we find conditions under which complete protection is second-best
(see Proposition 1(iii)).

2) When the only policy instrument is a tariff on output we show that domestic
welfare is increasing in the tariff when domestic output is zero, and decreasing
when the foreign firm is inactive (see Proposition 2(i)). We show that the second-
best tariff exists, is interior, and, under an additional assumption, unique. We also
find a sufficient condition for the optimal tariff to be positive (see Proposition
2(ii)). Similar results can be obtained if the tariff is proportional to sales.

We remark that in contrast with the previous literature, the above results are
not restricted to linear demand functions, and we identify general conditions on
the demand function ensuring that the second-best policy exists, is unique and
is located in the interior (tariffs) or in the corner (quotas). In fact, our analysis
shows that existence and unigueness are nontrivial issues.

Next, we assume that there is a uniqgue domestic firm with a technology
characterized by a fixed cost and a constant marginal cost. Consequently, the
reaction of the domestic firm to certain trade policies is discontindoie
show the following:

3) The second-best quota may be complete protection, free trade or a level of
imports in which domestic firm’s profits are zero but domestic output is positive
(see Proposition 3). We call the latter situatiRamsey pricing.

4) If the available instrument is a tariff, the solution may be interior or corner.
The latter may be complete protection or Ramsey pricing either for the domestic
or for the foreign firm (see Proposition 4).

1 Positive fixed costs are usually associated to free entry (see Krugman 1979; Helpman 1981;
Venables 1985; Horstman and Markusen 1986; Markusen and Venables 1988) However, none of
these papers focuses on the impact of the discontinuous behaviour of the domestic firm on the design
of economic policy

2



Summing up, under positive fixed costs, Ramsey pricing or protectionist tar-
iffs may be second-best. Moreover, the level of the optimal instrument may be
related to the underlaying parameters in a non intuitive way. Of course, these
conclusions are tentative until more general models had been analyzed, but this
is outside the scope of this paper.

The rest of the paper goes as follows. Section 2 presents the model. Sections 3
and 4 study respectively the cases of zero and positive fixed cost. Section 5 offers
our final comments. All proofs are gathered in an Appendix.

2 The model

There is a unique consumer with utility functian(x) — px, wherex is the
consumption of the homogeneous good gnid market price. We assume that
u(0) = 0, u’(x) > 0 andu”(x) < 0 Vx. There aren domestic firms with cost
functions denoted by;(x), i = 1,...,n wherex; is the output of firmi. Let

X4 = Y., % be domestic output angq = p.xg — > iv, Ci(%) be aggregate
domestic profits. There is a unique foreign firm with a cost function denoted by
¢t (%) wherex; stands for imports. Thug = x4 + . Cost functions of both
domestic and foreign firms are increasing and twice continuously differentiable
for strictly positive outputs.

The instruments in the hands of the government are tariffs and quotas. We
assume that the decision on them is prior to the decision of firms on outputs,
i.e., the government acts as a Stackelberg leader [for different assumptions on
the timing of the game see Gdilez-Maestre (1993) and Collie (1993)].

Domestic welfare, denoted b, is the sum of producers’ and consumer’s
surpluses plus the rents captured by the government via tariffs, denotBd by
i.e.S = u(x) — px +mg + R. Assuming that the consumer is perfectly competitive
we have thap = u’ and therefore

S=u(x) — u'(X)% — ici x)+R. (1)
i=1

We assume that firms are profit maximizers taking as given the outputs of
other firms and the policy instrument. Assuming interiority for domestic firms,
first order conditions of a Cournot equilibrium, relative to a quota Q and a tariff
t.x read:

Pl +Xa) + %P (% +X4) — (%) =0 i=1..., %))

>

P +Xa) + % p'(% +Xx1) —C{(x) -t >0, Q>x. )

We will assume that for sufficiently large outputs costs are not recovered.
This allows us to restrict attention to a compact interval in which any possible
equilibrium must lie. All the subsequent assumptions must be understood as
referring to outputs in this interval. We now assume
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Assumption 1.

a) Vx, x, p’x +p’ <0, j=1,...,nf
b) p'—¢" <0, j=1,...,n,f.

This assumption (A.1 in the sequel) is standard in the Cournot model [see e.qg.
Friedman (1982) Assumption 3, p.496, and Brander and Spencer (1984)]. The
interpretation of A.1 is that marginal revenue declines faster than price and price
declines faster than marginal costs [see Helpman and Krugman (1989) p. 55].

A.1 implies that the profit function is strictly concave with respect to the
own output. This implies that (2) and’j2are sufficient conditions of profit
maximization and that the Cournot equilibrium exists and is unique [see Friedman
(1982), Theorem 1, p.496 and Collie (1992)].

Let x;, j = 1,...,n,f, be the output of firmj in the Cournot equilibrium
with no quotas. Another implication of A.1 is that firinproduces at least the
guota if the quota is smaller than equilibrium output of fifnwith no quotas.

This follows from the fact thak; is decreasing on domestic output. Thus, the
quota will also be denoted by whenQ < X;.

3 The case of no fixed costs

In this section we characterize the second-best policy when there are no fixed
costs. We first consider that no tariff is available. IS€k ) be domestic welfare

in a Cournot equilibrium relative to the quota. Let= 5(x) = p” (x)x/p’(x). 5

can be interpreted as the degree of concavity of the inverse demand function.
Then, we have our first result:

Proposition 1. Under A.1, the following properties hold:

i) Domestic welfare is decreasing in x; for small level of imports and increas-
ing in x for small domestic output. Therefore, the second-best quota is not very
small or such that the domestic industry produces almost zero.

i) If domestic firms are identical, the technology displays constant returns
to scale and (3(x) is non increasing on X, S(x) is quasi-convex on x and the
second-best is either free trade or autarky.

iii) If all firms (including the foreign) are identical, the technology displays
constant returns to scale, and either n = 1 and the inverse demand function is
concave or n > 1, then the second-best policy is autarky.?

That a small level of imports reduces welfare has been proved in the case
of n = 1 by Eldor and Levin (1990). Proposition 1(i) shows that this property

2 Proposition 1 part iii) is different in the case bfidentical foreign firms with constant returns
to scale In this case, easy calculations show that i n and 3 < 2 + 1/n, gTSf(ff) >0 If

h=n, gTSf(Yf) < 0iff p() is concave And ith < nand A1l holds,é’%(%) < 0 Thus, the number

of foreign firms is a critical variable in the determination of the optimal quota The more foreign
firms are prepared to enter the domestic market, the less likely is that autarky is second-best since
with many foreign firms aggregate output is large, an&(if) is quasi-convex, domestic welfare is
maximized with free trade A similar case arises when only foreign firms have market power (see,
e g Helpman and Krugman 1989, p 63)
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holds for anyn. In addition, it shows that a quota for which the domestic output

is almost zero can not be optimal. The intuition behind Proposition 1(i) is that
the effect of an increase in quotas on social welfare can be decomposed in two
elements. On the one hand a positive effect, which comes from an increase in
aggregate output caused by the increase in quotas. On the other hand, production
of domestic firms falls, which is socially harmful since price is higher than
marginal cost. Thus ik; is zero the first effect vanishes so that only the second
effect remains (see Ono 1990) and if domestic output is zero only the first effect
remains.

An implication of Proposition 1(i) is that there exists a quota for which
the derivative ofS(x;) equals to zero — so the first order condition of welfare
maximization is fulfilled —but total welfare is minimized. Therefore, the optimal
quota can not be found by calculus. This suggests that the second-best trade
policy is either free trade or complete protection. This intuition is confirmed by
Proposition 1(ii), which identifies sufficient conditions on the demand function
ensuring this property. This result has been obtained by Eldor and Levin (1990)
and by Laussel et al. (1988) in the case of linear demand and one domestic
firm (the last paper allows for some product differentiation which can be easily
introduced in our model). Notice that A.1 and our assumptionscalow for
inverse demand functions of the forn= a — x®, with o > 0 or p= e~ with
b > 0 (in the last case, provided thathas an upper bound small enough).

It can be shown that, under A4, is decreasing with the (constant) marginal
cost of the foreign firm (see Collie 1992). Thus, an interpretation of Proposition
1(ii) is that if domestic firms are relatively efficient, the output of the foreign firm
in a Cournot equilibrium with no quotas is small and it is likely that it is located
on the decreasing part &( ). Thus, autarky is the best policy. Conversely, if
domestic firms are relatively inefficient it is likely that the optimal policy is free
trade. Therefore, it is likely that second-best policy agrees with the commandment
“Do not protect the inefficient” (or “do not allow foreign mediocrities to enter”).

Proposition 1(ii) says that second-best policy is either autarky or free trade. If
S() is decreasing at free trade, the quasi-convexit$(f implies that domestic
welfare is maximized in autarky. Proposition 1(iii) provides a sufficient condition
for S() to be decreasing at free trade.

Next we consider the case of a linear tariff on foreign output. The case
where the tariff depends on sales of the foreign firm (i.e. ad valorem tariff) can
be studied by similar methods.

It can be shown (see Collie 1992) that under A.1 there is a unique Cournot
equilibrium relative tot, i.e. a unique vector of outputs satisfying equations (2)
and (2). Let S(t), x (t), X (t) andx(t), respectively, be domestic welfare, output
of domestic firmi, output of the foreign firm, and aggregate output, evaluated
in a Cournot equilibrium for a given tariff.

We now concentrate on the characterization of the optimal tariff. In the fol-
lowing, we will assume constant marginal costs — denoted byand identical
firms (including the foreign).

Now, let us defing andt, respectively, by the following conditions:



p(x) —c=0. pkx()-c-t=0.

In words, facing a tarift the foreign firm chooses zero output, whilés the
tariff for which domestic firms will choose zero output. (Note thé a subsidy,
sincet is negative). We have the following auxiliary result:

Lemma 1. Let us assume A.1 and that p(x) tends to O when x tends to infinity,
then

(i) tandt exist, and
(i) x(t) isincreasing, X (t) is decreasing and x(t) decreasing.

Moreover t and t are unique.

Let t* be the second-best tariff, that is, the tariff which maximi3¢g. We
have the following result.

Proposition 2. Under A.1, constant returnsto scale and identical firms (including
the foreign), the following properties hold:

i) 1If n > 1, the domestic welfare is strictly decreasing at t = t and strictly
increasing att =t.

i) t* exists, ispositive and satisfiest < t* < tifn > 1. If 3() isnon decreasing
inx, S(t) is strictly quasiconcave and t* is unique.

Proposition 2(i) implies that a prohibitive tariff (that is, a tariff which implies
autarky) is never optimal. It also implies that it is not optimal to set a tariff
yielding a very small (but positive) level of domestic output. This result contrasts
with the one obtained in Proposition 1 for quotas since what is shown here is
that the second-best tariff is interior.

Proposition 2(i) has been proved in the case ef 0 by Brander and Spencer
(1985). However they did not study the second order condition, so that they did
not prove neither existence nor uniqueness. In the case 1, Collie (1991)
argued that* is positive if p(x) is “sufficiently concave”. However, although he
calculates the second order condition foloeal maximum, he did not provide
sufficient conditions ensuring existence, uniqueness and interiority of second-best
tariffs. In the case of cost differences between domestic and foreign firms, Dixit
(1988) has analyzed the prohibitive tariff, when it is second-best.

4 The case of positive fixed costs

In this section we analyze the case of positive fixed costs. In this case, the
behavior of firms becomes discontinuous at certain points and this complicates
the analysis of the optimal trade policy. In order to keep the analysis tractable,
we will simplify further the model by assuming a unique domestic firm with

3 Notice thatt* is not always decreasing on the degree of competition hLbe the number of
foreign firms Ifu(x) = ax —x?/2,t* = (a—c)(2n+1)/(h+2(n+1)?) Thus, forh largedt* /dn > 0
(see Helpman and Krugman 1989, p 186)
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constant marginal cost (this is Assumption 2 below). Even in this case, we will
see that the main conclusions obtained in this section are considerably more
complex than those obtained in Sect. 3. These conclusions must be understood
as a warning that the results obtained in Sect. 3 do not generalize to the case of
positive fixed costs. More general assumptions than A.2 will produce even more
ambiguous results.

Assumption 2. There is a unique domestic firm whose cost function is given by
c(x) =K +cx ifx; > 0andc(0) =0.

Let x (%) be the profit maximizing output of the domestic firm as a func-
tion of imports. Under A.1 a) this correspondence is single valued as long as
domestic profits are positive. If domestic profits are zero, there are two outputs
-one positive, the other zero- maximizing profits. In this case we assume that
the domestic firm produces a positive output. Tk ) is single valued. Let
X(%) = % (%) + % . Define

%= {x | p(x(e))xi (%) —cxi(%)) =0, x(x)>0}.

In words, % is the output of the foreign firm for which the maximum profits
of the domestic firms are zero, i.e. the output corresponding to limit pricing of
the foreign firm. We now show the following

Lemma 2. % exists and if x; (%) > O, it is unique.

Proof. If Yy, 0 > p(y)y — c(y), thenx; = 0. If 3y such thatp(y)y — c(y) > 0

the median value theorem and our boundness assumptions imply the existence
of X . Let us prove uniqueness. Suppose there are two diffegerdenoted by

% andX- and without loss of generality assume tlat< %.. Then we have

0 = p(X(R))Xi (%) — oxi (%) > p(xi (Re) + %)% (%) — (% (%))
and
PX(Xe )X (%) —cxi (%) = 0.
But sincep( ) is decreasing

PG (/) + X)X (K1) — (% (%)) > pX (%)X (X/) — cxi (%) = O
which contradicts the first equality. O

Lemma 2 simplifies the task of finding the second-best quota since it shows
that the functiorS(.) can be decomposed in two parts. IKOx < %X, S(.) looks
as in the no fixed cost case. When="x;, S(.) is multivalued but (according with
our assumption or; (.)) we take the maximum value. Since in this allocation the
domestic firm is earning zero profits this is reminiscent of Ramsey pricing and the
corresponding welfare is denoted B{R). If X < X, S(%) = u(X:) —p(X¢ )X . Let
S(A) be the welfare at autarky;o the minimum output for whicl8(A) = S(x),
X # 0 andxq; the maximum output for whicls(R) = S(x) (X0 and X1 might
be c0) (see Figs. 1, 2).

Proposition 3. If A.1 a) and A.2 hold, A.1 b) holds for positive outputs and 3(x)
isnon increasing in X, the optimal quota exists and is characterized by
7



S(x¢)

X¢

X¢ X1o

Fig. 1. Domestic welfare as a function of importsS{%) < S(0)

S

S(x¢)

X¢

Fig. 2. Domestic welfare as a function of importsS{%) > S(0)

(& If S(A) > S(R) we have two possible cases
(@i) x =0 ifx <xo
(@aii) x =x  ifx > %o

(b) if S(A) < S(R) we have four possible cases
(bi) =0 ifx <Xxo
(bii) % =X ifXo <X <%
(b.iii) X =% if X <X < X1
(iv) X =% ifX > X1

The case in whicl5(A) > S(R) works like the non-fixed cost case: if the
foreign firm has a relatively high marginal cost, total protection is the second-
best policy (case ai) and if the foreign firm has relatively low marginal cost,
free trade is the second-best policy (case aii). In other words, the choices are
total protection or free trade and the desirability of them depends on the relative
efficiency of the foreign competitor.

However the case in whicB(A) < S(R) contains new features: A positive
guota less than the Cournot equilibrium output of the foreign firm might be
optimal and the desirability of free trade as second-best policy is not always
related to the relative efficiency of the foreign firm: for high values of the marginal
cost of the foreign firm total protection is second-best (case bi in Proposition 3),
for high-intermediate values of the marginal cost free trade is second-best (case
bii), for low-intermediate values of the marginal cost a quota;aé Second-best
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(case hiii) and for low values free trade is second-best again (case biv). In other
words, S( ) is no longer quasiconvex and the second-best policy is difficult to
characterize. The bottom line is now “do not protect the very inefficient, protect
the very efficient and be careful with the intermediate cases!” (see Figs. 1 and
2)4

Let us turn our attention to tariffs. To simplify the analysis, we assume that
t <t and thatS(t) < S(A) if t < t (i.e. domestic monopoly gives more welfare
than foreign monopoly: this is true under linear demand).ttete the second-
best tariff in the fixed cost model (recall tht is the second-best tariff in the
non fixed cost case).

Proposition 4. Let us assume that the cost function of the foreign firm is
C(x)=F +cx if x > 0and C(0) = 0. If Ala) and A.2 hold, A.1 b) holds for
positive outputs, and 3(x) is non decreasing in x, the optimal tariff exists and is
characterized by

a) t* >tift <t <t*and S(t) < S(A) (see Fig. 3);

b) t** =tift <t < t* and S(t) > S(A) (see Fig.4);

¢ t* =t*ift <t* <t (seeFig.5).

d) t**=tift* <t <t (seeFig.6).

0

t ot

Fig. 3. Optimal tariff ist** >t

According to Proposition 4, the second-best tariff depends on the efficiency of
both firms, measured by their fixed costs. If the domestic firm is efficient we have
three possible cases: A prohibitive tariff for high (case (a)), Ramsey pricing
for the foreign firm for intermediate levels &f (case (b)) and an interior tariff
if F is small (case (c)). If the domestic firm is inefficient then the second-best
policy is Ramsey pricing for the domestic firm (case (d)).

Contrary to the continuous case, the second-best tariff might be not interior.
Dixit (1984, 1988) and Venables (1986), also obtained boundary solutions for
the case of no fixed costs but cost differences between domestic and foreign
firms. However in those models the prohibitive tariff is the only non-interior
solution, while our model offers additional possibilities (cases b and d). It is

4 With respect to the likelihood of cases a) or b) it can be shown that if the inverse demand
function is linear,S(A) > S(R) iff K is relatively high
9



/ NG)

t t

Fig. 4. Optimal tariff ist** =t

0]

t ottt

Fig. 5. Optimal tariff ist** = t*

S

t 1

e

Fig. 6. Optimal tariff ist** =t
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interesting to note that the intuition behind this two cases is very different from
the traditional protectionist arguments. The conventional intuition supporting a
protectionist tariff is that it helps the strategic position of domestic firms, thereby
increasing domestic profits, although consumers are worse-off. However, in case
(d) domestic profits are zero. Thus a protectionist tariff is not used here to increase
domestic profits but to increase domestic consumption and consumers’ surplus.

5 Final comments

In this paper we have studied the second-best import policy in an oligopolistic
market. Under zero fixed costs, if the policy instrument is a quota, the second-
best policy is either free trade or autarky, while if the instrument is a tariff the
second-best policy is an interior solution. Contrary to previous contributions, we
identify general conditions under which those results hold. Under positive fixed
costs, we show that contrary to the traditional protectionist argument, a restrictive
import policy might increase domestic welfare by increasing consumers surplus,
not domestic profits.

In order to make our point we have chosen a particularly simple model. Thus,
important topics like product differentiation, interaction of domestic and foreign
markets, price-setting firms, dynamic issues, free entry, and subsidies to domestic
firms are not covered by our model. We hope that our paper will stimulate similar
research to ours on these areas.

Appendix

Proof of Proposition 1.
Part (i): Using (1), it is easy to compute

n
s U’<d7xd+l>—p’<d7xd+1>xf—p— q’d—x'
i=1

de

|
o
g2
I
-c\
x
Y
ol
2|2
+
=
~
I
(-
o
g2

Since for all firms for which the first order condition is fulfilled with inequality
dx /dx; = 0, using (2) we get that

s _  ,dxg ,
o u§—pr<—+1> Z(p+>qp)

oy (P oS
P’ <de +1)—p ;X'de . 3)

Next, we will show that A.1 implies tha§2 > —1 and that$ < 0, =
1,...,n (for the case of identical firms see Buffie and Spiller 1986 p. 68). First,
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first order conditions of profit maximization imply thatf increases, neithet
norx, i =1,...,n can be constant. Then, for a particular firm, $ayve have
four possible cases.

X increases and, increases (@)
X increases ang; decreases (b)
x decreases angl increases (c)
x decreases ang] decreases (d)

It is easy to see that Assumption 1 implies that cases (a) and (d) above are
impossible. Suppose that (c) is true. Then it must be that case (c) holds for every
i =1,...,n. But sincex = x + Xqg this is impossible, so case (b) holds for all
firms and thereforé[f;‘—; > -1 andg—)’g <0,i =1,...,n. Thus, this part follows

from these inequalities and equation (3) above. O

Part (ii): Letg = % /Xq. Then

A5 _ (oD g) . B
&__pxd(q<de+l)+de>

d . p'+xp”  _  n@+t)+p
d¢  n('+xp)+p  (n+1)(@+n+ng’

Thus )

ds —1-0/n

S 9 p/n

dxg (n+)(g+1)+p4

By A.1 8 > —n(g + 1) and thus (7 1)(q+ 1)+ 3 > 0. Disregarding the case

in which x4 = 0 (in which we know that> > 0), £ =0 iff q = /(1 +3/n)
(g > 0 by A.1). The last equation implies that tkefor which % =0, denoted
by X/, is unique since is increasing or andg is non increasing on (which
in turn is increasing withg). Finally if x; > x{, q increases and decreases so
ng >0 and ifx < ¥/, by identical reasoniné’% <0. ]

Part (iii): It is easily calculated that
(98 o\ L i (NP — '+
S (E(Xf)) B S'gn< N +xp’+p—c’ )’ @

Under constant returns the previous expression simplifies to

ng+n?—1

Mg+ (¥ 1P ®)

. s _ .\ _ ..
Sign (&(xf)> = —Sig
where the denominator is positive (by A.1). Thusiif 1
. das _ .
S|gn<&(xf)) = —-Signg .

If n > 1, A1 implies that the numerator of (4) is positive, so part (iii) is
proved. O
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Proof of Lemma 1. To show existence, let be such thap(z) = c. Now choose
t such that the first order condition of profit maximization for the domestic firm
is satisfied when this firm producesandz = x(t).

Letx* be the aggregate output corresponding to a Cournot equilibrium where
the foreign firm is inactive. Under A.I* exists. Lett = p(x*) — c. Facing a
tariff t the foreign firm will choose zero output.

Let us now prove part (ii) of the lemma by caIcuIatiﬂ?g and ddi[‘ from the
first order conditions of profit maximization of every firm, i.e.

p+XiP/—C=O= i=1...,n and
p+xp —c—t=0.

Differentiating, we obtain that

dx _ p'+p'/n+p”x ©)
dt — p'[p/(1+2/n)+p"(x +X/n)] ’
& . ™)
dt — n[p’(1+2/n)+p”(x +x/n)]
Now, we can calculate
b ok dx
d  ~ dt ot
_ p/ + p//xi (8)

PP +2/n)+p (% /)]

But, according to our assumptions, (6), (7) are negative and (8) is positive,
which completes the proof. Moreover, singét) is strictly increasing and (t)

is strictly decreasing, andt are unique. O
Proof of Proposition 2.
Part (i): Let
ds dx dx; , adx dXg dxg
—_ = - —_— - —_— o —_ _+t— 4+
a P P P e Ca e M
o ds d d
=X xp o+ 2 _
dt - dt [p Xfp C] + dt [t +C p] + Xf .
At the Cournot equilibriunp —c+p’x, =p —c —t +p’% =0, so that
ds  dx PR
— =t - + — + X .
G ot [t —2x%p'] G P 9)
If t =t > 0 thenx = 0 and the above derivative is negative in view of Lemma
1. If x =0 thenp = c andt = p'x so that®® = —p'x (‘c’k—x - %’) +X, which is
positive in view of Lemma 1. O

Part (ii): Casen = 0: Expression (9) becomes
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ds _dx

T gt

From the first order condition of profit-maximization, it follows that
dl _ 1
dt  p(B+2)

which, substituted in our previous expression%éf gives

dj 1
d p@+2)

which is positive, under A.1, if < 0. Also, whent is such thak is near enough
to zero, then‘é—f is negative. Finally, domestic welfare is zero when= 0.
Thus, S(t) can be redefined on a compact interval and the proof of existence is
completed, sinc&(t) is a continuous function df.

First order condition of welfare-maximization impIie%? = 0 so that the
optimal tariff must satisfyt* = —xp’(5 + 1), which is positive under A.1. Now,
we will show that if3'(x) > 0, thenF (t) = —[t +xp/(3+1)] is strictly decreasing
which implies thatS(t) is strictly quasi-concave, sinde(t) has the same sign
as— and both equal to zero just once. Thus, we compute

S X (B+1)], (10)

dF _ ,d TN
G TP TP x0T |
But, according to our assumption%ﬁ( = ‘é—’t‘ < 0, since G d" < 0. Thus,

by A.1 the above derivative must be negatlve TherefB(¢g) is strlctly quasi-
concave and the optimal tariff is unique.

Case n > 1. Sincep(x(t)) — ¢ = 0, from the first order conditions of profit
maximization of the foreign firm we obtain that= x p’. Thus,t is negative.
Thus, according to the proof of existence in the case0, S(t) must be strictly
increasing fort < t. On the other hand, Part (i) of this proposition implies that
there exists some < t yielding higher welfare than any > t. Therefore, no
tariff outside the intervalt] t] can yield larger social welfare. Thus the Weirstrass
theorem and the continuity @&(t) ensures the existence.

Sincet* belongs to {,t], from Lemma 1(ii) it follows thatt < t* < t.
Therefore, expression (9) is the relevant derivativéS@) in order to obtairt*.
By substituting (6) and (8) into (9) we obtain

%f - ,TlA[t —2p'% + (p' + /0 + % ) + NAX]
—_ 1 / " ! 1
= ﬁ[t +2n(p" +p"x )% + (P +p" % )x] (11)

whereA=p/(1+2/n) +p”(x +% /n) <0 (from A.1).
From the first order condition of welfare-maximization, the above derivative
is equal to zero, which under our assumptions yields a poditive
14



Now, it remains to show that i’(x) > 0, thenS(t) is single picked, which
ensures that* is unique. From the first order condition of a Cournot equilibrium,
it follows thatt = p’(xt —x;). Thus, by using the definitions @f(x) andg = x4/,
we can rewrite (11) as

ds

+ = PXem+ -+ sa-a?-a/n}

X
= P g2m+ 1/ +a) - /- )]+ 6}
But sign{%g} is the same as the sign bf(t) where this is defined as

H(t) =2(n+1)/(1+a) - q/n@L—-a)]+ 5.

By Lemma 1x andq are strictly decreasing ihy, while 5 is non decreasing in
x. ThereforeH (t) is strictly decreasing im and S(t) is quasiconcave, so that
is unique. O

Proof of Proposition 3. Existence of the optimal quota follows from the closed
graph ofS( ) andx € [0,X]. The characterization follows from the fact that
Proposition 2 implies thaS(.) is quasi-convex on [&], and S(.) is strictly
increasing on X, co) (sinceg—xsf =u —p-p'x =—p')% > 0) (see Figs.1 and
2). O

Proof of Proposition 4. Cases a) and b) follow fror(t) < S(A) for t <t and

by noticing thatS(t) is strictly increasing in [tt], due to Proposition 2(ii) (see
Figs. 3 and 4). Case c) is obtained by using a similar argument as in Proposition
2(ii) and noticing thatS(A) < S(t) < S(t*) (see Fig.5). Case d) follows from
S(A) < S(t) and he fact thas(t) is decreasing in_[tt] (see Fig. 6). O
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