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Abstract

This paper examines the policy interactions between two governments in an
international duopoly model with vertical product differentiation, in which
the foreign firm produces the low-quality good and exports to the home mar-
ket. Whether the home government imposes a specific tariff or not, the for-
eign government has an incentive to set a minimum quality standard (MQS)
on its exports, and the level of MQS decreases as the specific tariff increases.
If the cost asymmetry between two firms is small enough, a foreign MQS
can induce the home government to set the tariff below the prohibitive level,
allowing more exports to the home country. However, if the foreign govern-
ment is inactive, the home government will always set a high tariff close to
the prohibitive tariff to allow a small trade from the foreign country. This
paper shows that a MQS policy adopted by the foreign government not only
helps the foreign firm behave as a Stackelberg leader to choose the quality
level ahead of the home firm, but also serves as a strategic instrument to
reduce the tariff imposed on its exports.



1 Introduction

The use of strategic trade policy to promote trade has been proven to be dis-
ruptive in world trade. One of the achievements of the GATT and the WTO
is to prohibit the use of subsidies, and it regulates the actions countries can
take to counter the effects of subsidies. It says a country can use the WTO’s
dispute settlement procedure to seek the withdrawal of the subsidy or the
removal of its adverse effects. Or the country can launch its own investiga-
tion and ultimately charge extra duty (known as “countervailing duty”) on
subsidized imports that are found to be hurting domestic producers.

The Agreement on Subsidies and Countervailing Measures (“SCM Agree-
ment”) defines what constitute subsidies that governments are not allowed
to impose. The definition contains three basic elements: (i) a financial con-
tribution (ii) by a government or any public body within the territory of a
member country (iii) which confers a benefit. The first part, a financial con-
tribution, seems to be a crucial part in the measure.! Thus, there could be no
subsidy unless there was a charge on the public account; for example, grants,
loans, equity infusions, loan guarantees, fiscal incentives, the provision of
goods or services, and the purchase of goods. It turns out that there are
many other government policies that do not involve financial contributions
but that can be used strategically to confer a benefit. This paper considers
one such policy: minimum quality standard.

Minimum quality standards (MQS) are usually used in closed economies
to improve the quality of goods produced in the market; for example: the
requirement of air bags and ABS, fuel-economy standards and automobile
emissions standards in the car industry. Usually the use of MQS is justified
by the existence of moral hazard or the cost of inspection by the government,
and appropriate use of MQS is welfare improving.?

There has also been work on analyzing the use of MQS for open economies.
One of the earlier papers was Krishna (1987), who analyzes the effects and
desirability of quotas, tariffs, and MQS when the foreign firm is a monopolist
in the home market. In a model of international duopoly, Das and Donnen-

'A stronger definition of subsidy, which was suggested by some member countries,
considers that forms of government intervention that did not involve an expense to the
government nevertheless distorted competition and should thus be considered to be sub-
sidies. This stronger definition was not adopted.

2See, for example, Crampes and Hollander (1995), Ecchia and Lambertini (1997), Ron-
nen (1991), and Crampes and Hollander (1995).



feld (1989) analyze the effects of quotas and MQS when both firms choose
quality and quantity simultaneously to compete in the home market. They
show that a MQS above the free trade level on the low-quality imports is wel-
fare deteriorating to the home country. Boom (1995) considers the effects of
different MQS levels set by two countries, with both firms competing in both
countries. Compared to the identical MQS case, if one country sets a higher
MQS than the other country, both firms are hurt while consumers in both
countries benefit, but the welfare effect is ambiguous. Lutz (2000) analyzes
and compares the two alternative standard-setting treatments of full harmo-
nization and mutual recognition in a two-country, two-firm model. Under
the condition that both firms must stay in the market, mutual recognition is
always the optimal policy.

However, little work has been done to analyze MQS when used as a
strategic trade policy. As the above papers show, MQS is often imposed on
industries that are characterized by imperfect competition. When the quality
levels of firms’ outputs are determined endogenously, and when firms compete
in quality (and possibly in price as well), the policy of MQS could have
important effects on firms’ profits and national welfare of the economies. This
means that there could be situations in which MQS can be used strategically
to improve a country’s national welfare. It is thus the purpose of this paper
to find out some of these situations, and to analyze the impacts of this policy.

Like other strategic policies, MQS is likely detrimental to its trading
partner, and thus will likely draw retaliation. This paper will also analyze
one retalitory policy: a tariff. If, however, the country that imposes MQS
anticipates that its trading partner is going to retaliate, it may impose a
higher MQS.

Since MQS is usually not seen as a trade promotional policy, it is allowed
by at least the current version of SCM Agreement. In other words, it may
be more difficult for an importing country that is facing a MQS to argue
for retaliation at the WTO. However, this paper argues that some domestic
policies such as MQS can be used strategically in an international context,
and should not be ignored by the SCM Agreement.

To analyze the strategic nature of MQS in an international context, we
consider a two-country, two-firm model, with demand in one of the countries
only. We show that the exporting country (foreign) that has a firm producing
the good of a low quality can use a MQS to improve the firm’s profit and
its welfare, at the expense of the firm in the importing country (home), even
though such a policy will encourage both firms to improve the quality of their



outputs. Even though the policy benefits the consumers in the home country,
it could hurt the home country’s welfare. This will induce home country to
retaliate with a tariff. However, the outcome depends on the timing of the
policies. Under the present WTO arrangement, it is possible that a country
may make the first move and wait for the other country to react (complain
to the WTO). In such a case, the first country will want to impose a MQS
higher than than that without retaliation.

The remainder of the paper is organized as follows: Section 2 considers a
closed economy in which a monopolist chooses the quality level of its output
to serve a local market. Section 3 extends the model to two countries, with
one firm in each of the countries. How the two firms compete in quality
and prices is examined. An asymmetry between the countries is introduced,
with the firms possessing different technologies of quality improvement and
with market demand only in the country with an advanced firm. The use of
minimum quality standard by the government of the country that has a firm
with an inferior technology in quality improvement is investigated in Section
4. Section 5 shows how the advanced country can retaliate with a tariff.
However, if the advanced country has to wait for the MQS before a tariff is
imposed, the inferior country can take advantage of this sequence of policies
and get a higher welfare. Section 6 provides some concluding remarks.

2 The Model

Consider a product with various quality levels. It can be produced by two
firms, one in each of two countries. Label the countries home and foreign,
and the firms home firm and foreign firm. Demand exists in the home coun-
try only, implying that any output of the foreign firm will be exported to the
home country. In home, there is a continuum of consumers indexed by @,
uniformly distributed in the interval [#, 6]. The parameter # represents con-
sumers’ marginal willingness to pay for quality: Consumer # has unit demand
for the good and his utility function is:

U — fs; — p; if buying one unit of the good with quality s; at price p;.
10 otherwise.

In this section, we focus on the home country, assuming no trade and thus
no production by the foreign firm. So the home firm is a monopolist in the
local market.



In the home economy, there is a single firm, which is able to produce the
product of a quality sy with a unit cost . We assume that 20 —0 > « /so > 0.
As explained below, the condition implies that the entire market is always
fully covered by the product of the home firm, i.e., every consumer in the
home market will choose to purchase one unit of the good in equilibrium.
This section considers a closed home economy.

2.1 Product with a Fixed Quality

Assume for the time being that the quality of the product is fixed at so.
The market equilibrium depends on whether the market range is big enough.
Two cases can be considered.

Case (A): 0 < (0+ a/sg)/2

Suppose that the home firm chooses to serve [0y, 0] of the market and set
the price of the output at p, = 0ysg, where subindex “h” denotes variables of
the home firm. Its problem is to choose the optimal value of 6, to maximize
its profit, m, = (foso — a)(0 — ), where § — 0 is the demand. The first-
order condition gives 0y = (6 + a/sg) /2.3 The market price is equal to pf) =
(6so + ) /2, producing a monopolist profit of 7§ = (fsg — «)?/(4s0).

Note that this case exists when 0 < 08, or 20 — 0 < a/s¢. The portion of
the market [0, 69) is not served by the firm.

Case (B): > (0 +a/sg)/2

In this case, § > 98, and the monopolist prefers to serve the whole market.
It will set the price of the product at p; = fso, earning a profit of 7} =
(030 — ) (0 — 0).

In the rest of the present paper, we consider only case B in which the
monopolist, when alone in the market with a fixed quality level of its product,
chooses to serve the whole market.

2.2 Product with Quality Determined Endogenously

Suppose that the monopolist is able to improve the quality of its product:
By spending a cost of ¢, = c(ep), the firm is able to improve the qual-
ity of the product by e, € [0,00). The new quality level is s, = s + €.

3The profit function is strictly concave in 6y, ensuring that the second-order condition
is satisfied.



The quality improvement cost function satisfies the following conditions: (a)
c(0) = ¢ (0) = 0; (b) c(ep), (en) > 0 for e, > 0; (c) ’(ey) > 0 for e, > 0;
(d) ¢(en) is sufficiently large when ey, is large. The last assumption is made
to ensure that the firm will not want to choose a very large quality improve-
ment value. A possible cost function ¢, is illustrated in Figure 1.* With an
improvement in the quality of the product, the monopolist still prefers to
serve the whole market (case B). So it will set a price at 0s, = 0(so + ep,).
Its problem becomes

max(d(s + ) o — c(e)}(# ~ 6).

The first-order condition is
d(en) = 0. (1)

A solution with ej, € (0, 00) is guaranteed because the derivative of the profit
function with respect to ey, is (a) positive at e, = 0, and (b) negative when
ey, is sufficiently large. Strict convexity of the cost function c(ep) implies
that the the solution represents a maximum and is unique. The equilibrium
quality improvement is depicted by point H in Figure 1, at which the slope
of the cost function is equal to 6.

3 International Rivalry

Suppose now that export by the foreign firm to the home country is allowed.
For the time being, no government interventions are considered so that free
trade exists. Variables of the home (foreign) firm are distinguished by a
subindex “h” (“f”). Assume again that the range of the market is not too
big so that either or both of them will choose to serve the whole market.®
Both firms have assess to the technology to produce the product of a quality
level of sy, and both firms decide whether to improve the quality of their
outputs by paying a cost.

We consider the following two-stage game. In stage one, firm 7 chooses
to improve the quality of its output by e; € [0,00), after paying a cost of
¢;, where ¢, = c(ep), ¢y = Ac(ey), and A > 1. The parameter \ is used
to represent the inferior quality improvement technology possessed by the

4Ignore the curve labeled ¢y for the time being. ~
°In other words, the condition for case B exists, 20 — 0 > a/s.



foreign firm.® The quality level of the firm ¢’s output is equal to s; = e; + s,
1 = h, f. In the second stage, the firms compete in the home market in a
Bertrand way, with the price set by firm ¢ denoted by p;. Consumers, taking
the quality levels and prices set by the firms, choose the output from the firm
that produces a higher utility level. For example, consumer ¢ will choose the
output of the home (foreign) firm if fs, — p, > (<) 0sy — ps. Let 6 by
the consumer who is indifferent to the product produced by the firms, i.e.,
Osy, — pn, = Os § — py. By rearranging the terms, we have

Sp — Sf

Thus the necessary and sufficient condition for both firms supplying a positive
output to the market is o
0<6<8. (3)

The demand functions for the home and foreign firms are as follows, respec-
tively:

Yl

gn =
qr =

>

I ™
—~~
I
2%
N—r

(4b)

For the time being, assume no government interventions, with the foreign
firm freely exporting its output to the home market. The profit functions of
the home and foreign firms are given as follows, respectively:

T = [pn—a—clen)lqn (5a)

mr = [py—a—Acles)lqy. (5b)

To obtain a subgame perfect equilibrium, the two-stage game is solved

by backward induction. Differentiate each firm’s profit function in (5) by its

own price, taking the other firm’s price level and the quality levels as given.
Solving the reaction functions, the second-stage equilibrium prices are

peo= a+glee) +acle) + @ -Den—e)]  (6a)

pr o= atglde) +2en) — (8- Blen—cp), (6D

6The technology gap may be due to more experience of the home firm. In general,
firms tend to choose different quality levels of their products and the present assumption
is one way to avoid symmetry between the firms.

6



and the resulting profits are

1 _

T = §(€h —es)(20— 0 — g)° (7a)
wr = glen—en)g— 20407, (7h)

where g = g(en,er,A) = [c(en) — Ac(ef)|/(en — ey) for e, > 0, ef > 0. It
is clear that because the foreign firm is inferior in quality improvement, in
equilibrium we must have e, > ey, which is the case we will focus in this
paper. The derivatives of g(es, er) are

_ 99 dlen)—g

gh = 8€h N €p — ef (8&)
_ 09 g—X(ep)

9gr = 86]” — en — ef (8b)
_ Jdg  clef)

9 = 8)\ a Ep — ef‘ (8C)

To determine the signs of the derivatives in (8), refer to Figure 1, where ¢;, =
c(en) and ¢; = Ac(ey). Suppose that the home and foreign have chosen ej,
and e}, respectively. So g(ep, ef, A) is equal to the slope of line FH. Consider
the following condition:

9> Aep). 0
Lemma 1 Suppose that condition (9) holds. Then

(a) g >0;

(b) €n > €3

(c) clen) > Acley);
(d) gn, g5 >0, gx <O0.

Proof. Note that ¢(ef) > 0, part (a) follows immediately. Part (a)
implies part (b), as evident from Figure 1. Part (c) comes from the definition
of g and parts (a) and (b). Part (d) comes from conditions (8). m

The usefulness of Lemma 1 is that, as will be shown later, if both firms
are producing positive outputs, the output chosen by the foreign firm ey must
be small enough so that condition (9) holds.



Recall the marginal consumer given by (2). Using function g(ep,ef, \)
and the price equations (6), the marginal consumer can also be defined as

0+0+g
—

0 = (10)

The necessary and sufficient condition (3) for a duopoly equilibrium with
positive outputs by both firms reduces to

20— 0 < g<20—0. (11)

We now turn to the first stage, in which the two firms choose quality
levels to maximize their own profits. Define the following function:

O(en ep;A) = (20 — 0 — g)(20 — 0 — 2¢), + g). (12)

It is easy to show that the partial differentiation of home firm’s profit function
in (7a) with respect to e, taking ey as given, is equal to O(ep, es; A)/9. Thus
the first-order condition is ©(ep, ef; A) = 0, which, according to (12), implies
two solutions,

20 —0—2c,+g = 0 (13a)
20—-0—-g = 0. (13b)

Note that the solution in (13b) implies zero profit of the home firm. Use
subindices to denote partial derivatives of function © (e, ef; A); for example,
©, = 00/0ey,. The second derivative of the profit function with respect to
en, is equal to ©,/9, where

O = (20 — 0 — g)(gn — 2¢}) — gn(20 — 8 — 2¢}, + g), (14)
where ¢}, = (ep,). For the solution given by (13b), equation (14) reduces to
O = 2gn(c;, — g) > 0.

Suppose now that condition (13a) holds. Then 20 — § > g, and
On = (20 — 0 — g)(gn — 2¢4) <0, (15)

where the sign is due to the assumption that the quality improvement func-
tion c(ep,) is sufficiently convex so that 2¢) > g, > 0. Thus the solution in

8



(13b) gives a minimum and that in (13a) leads to a maximum. Thus we now
assume that condition (13a) holds but not (13b). Condition (13a) gives the
reaction function of the home firm, e, = Ry, (ey).

The same analysis can be applied to the foreign firm. Denote the partial
derivative of the foreign firm’s profit function (7b) with respect to es (keeping
ey, constant) by ®(ep, ef; A)/9, where

Dlen,ep;N) = (9—20+0)(g+20 — 0 — 2c}), (16)

where ¢, = Ac(ey). The first-order condition is ®(ep, ef; A) = 0. From (16),
two roots exist:

g+20—0—2¢; = 0 (17a)
g—20+0 = 0. (17b)

Following the same analysis given above, the root given by (17b) corresponds
to a minimum, with the foreign firm earning zero profit. The solution cor-
responding to (17a) gives a maximum, as long as gy — 2¢f < 0.” Condition
(17a) gives the foreign firm’s reaction function e; = Ry(ey), as long the for-
eign firm is making a positive profit.® At this maximum, (11) implies that
g > 20 — 0. Alternatively, we can say that if it is known that the foreign firm
produces a positive output, (17a) implies that condition (9) is satisfied, and
by Lemma 1, g5, gf > 0.

Thus, the Nash equilibrium with positive outputs by both firms can be
described by the following conditions:

O(en,ep;A) = 0 (18)
@(eh,ef;)\) = 0. (19)

Using the derivatives of function g and the first-order conditions of the firms,
we can show that ©f = @, = 2(e;, — ef)gngs > 0. Denote the Nash equilib-
rium by (e}, €}), which satisfies conditions (18) and (19). Once the quality
improvements chosen by the firms are determined, the market prices and
firms’ profits can be obtained from conditions (6) and (7). The Nash equi-
librium, denoted by point N, occurs at the intersection point of the two
schedules.

"The second-order condition is satisfied: ®; = (g — 20 + 0)(gy — 2cf) < 0.

81f the optimal quality improvement level and the corresponding output implied by
(17a) lead to zero profit, the foreign firm is indifferent to this outcome and no production.
In this case, we assume that the foreign firm will choose not to produce.

9



In the above analysis, it is assumed that both firms produce positive
outputs of the product. In general, when the technology gap between the
firms is not big, i.e., A is only slightly greater than unity, the firms will share
the market approximately equally. We now want to see what difference it
will make if the technology gap becomes larger. Treating A as a parameter,
we increase it exogenously.

Lemma 2 An increase in the technology gap between the firms will increase
home firm’s profit but lower foreign firm’s profit. However, the impacts on
the consumer surplus and home welfare are ambiguous.

Proof. Differentiating equations (18) and (19) with respect to A yields

o)) | oo | = | acten s envierep)

Solving these two equations, we get

dey,  Osy
oe” 0s"
_fr _ Z°Ff
7\ 7\ <0 (21)

Using (20), we have

drp  On"  Omy det
Do T Y (22)

because 07} /ON = 26(6?)(5’ —0)/3 >0, O /de; = —(6 — 0)(6 — 0) < 0 and
de't/OX < 0. We also have

dn” on" o't He
f f fYep
Do e, o 0 (23)

because 07’y /0N = —20(6?)(9 —0)/3 <0, On'}/den = (0 — 0)(6 —0) > 0 and
dejr/OX < 0.

dacs®  oCcs” n oC'S™ Oey! n oC S Oety
dA N o\ 8€h o\ 86f oA ’

where dC'S™ /OX = c(e?)(20—0—0)/3 < 0, 0C'S™/Dey, = (0—0)(20—0—0) /2 <
0 and dCS™/de; = (0 — 0)(20 — 6 — 0)/2 > 0. The direct effect of A on

10



consumer surplus is always negative, but the indirect effect is ambiguous
because the opposite effects of high quality and low quality on consumer
surplus. Thus, the overall effect of A on consumer surplus is ambiguous a
priori. Similarly, the overall effect of A on the home welfare is ambiguous a
priori. m

Because of equation (23), let A° be the value of A so that the resulting
7' = 0, i.e., the foreign firm would earn zero profit. It is thus indifferent to
improving the quality of the product and producing nothing. As assumed,
the foreign firm will choose to produce and export nothing. We can define
the corresponding value of g as g° = (ej; (%), €F(X%), X%).

The Nash equilibrium can be illustrated in a simple diagram. In Figure 2,
schedule AB represents condition (18) and schedule CE represents condition
(19). Their slopes are given by

fonl - _ D1y
(96]0 AB @h

fonl - _ 215
def e ®n 7

where the signs of the slopes are based on the analysis given above. The
diagram shows the case in which schedule CE is steeper than AB.” The
diagram also shows schedule HK, which represents g(en, e, A°) = ¢¢ ie.,
the locus of (e, ef) that, when A = \°, will give a value of ¢ equal to ¢°.
Schedules CE and HK intersect at point D.

Based on the above analysis, the reaction curve of the foreign firm is
represented by the part of the vertical axis OF plus DC, the part of CE
above schedule HK when the foreign firm is able to get a positive profit
when reacting to the home firm’s quality improvement. The resulting Nash
equilibrium is at point N, at which DC and AB intersect.

The lemma can be illustrated in Figure 2. An increase in A will shift
schedule AB down and schedule CE to the left. Let the new schedules be
AB’ and C'E/, respectively, intersecting at the new Nash equilibrium point N/,
(e, €}'), with both firms making smaller quality improvement than before.

Since the Nash equilibrium depends on the value of A\, we can express
the quality improvement levels chosen by the firms as the following functions

9This is the usual “stability” condition. While in the present one-shot game stability
has no meaning, the present condition gives “normal” comparative static results.
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ep = ey (A) and e} = e’}()), which depend negatively on A. Graphically, if we
increase A\ gradually, the resulting Nash equilibria trace out a locus shown in
Figure 3. Let us call this the quality competition (QC) schedule.'®

Along the QC schedule, the change in function g(e, ef, A) along the QC

schedule is
dg _ 99 den , 99 9¢; | 09 _,

dA N 8€h o\ 8€f oA\ O\ ’

Let \° be the value of A so that g° = g(ej (%), e}(\9),\) = 20 — 6. Recall
that with g = ¢¢, the profit of the foreign firm is zero. In Figure 3, schedule
HK represents the equation g(ey, e, A°) = ¢¢, which gives the combinations
of the firms’ quality improvement levels, when given \°, so that the value of
¢ remains at g¢.!!

However, when A = \°, there is a strategy for the home firm to earn
a profit more than what point N’ represents. What it should do, as the
following proposition shows, is to regard itself as a monopolist, as Section

2.2 describes.

Proposition 1 There exists a critical value \° so that if A < \°, an inter-
national duopoly equilibrium exists with both firms earning positive profits.
If X > )\°, then the home firm will behave as a local monopolist, with zero
import from the foreign firm.

Proof. We have already analyzed the case in which A < A°. When A = \°,
the foreign firm earns zero profit at the Nash equilibrium, and we assume that
it will choose not to enter the market. When A > A\, the foreign firm earns
negative profit at a Nash equilibrium, and it is better off by not entering the
market. As for the home firm, when A\ > \°, the home firm can choose the
monopolistic equilibrium, which will give it the highest possible profit. It
does not have to worry about the possible entry of the foreign firm as it will
get negative profit if it does try to enter the market. m

10The quality competition schedule is defined by the two parametric equations: ey =
ep(A) and e} = e}()). By lemma 2, it is positively sloped, and the value of A increases
along the schedule toward the vertical axis.

" There may be a question of whether the QC schedule and schedule HK do not cut each
other at a point when ej;, and ey are non-negative. The answer is in the negation because
if g > g¢, then when ey = 0, ¢/(ef) = 0 and 7/ is increasing in e;. This means that when
g > g¢, the foreign firm will want to improve its output quality, and QC schedule will not
cut the vertical axis first before cutting schedule HK.

12



4 Minimum Quality Standard

In this section, we analyze the use of a minimum quality standard (MQS)
policy by the foreign government while the home government still allows free
trade. We want to analyze how the foreign government may use this policy
to improve its national welfare, and how it may hurt the home country.

We assume that the foreign government is able to announce and pre-
commit a policy before the firms compete. To do so, we extend the model
introduced above to a three-stage model. The second and third stages are
similar to the two stages in the previous model, with the firms competing in
quality and then in price. In the first stage the foreign government sets a
MQS for the output of the foreign firm, 5. In other words, the foreign firm
has to produce an output of quality not less than 5 before the product is al-
lowed to be exported. For a reasonable analysis in this section, A is assumed
to be not so great so that an international duopoly exists with or without
the government policy.

As usual, the game is solved by backward induction. Because the present
second and third stages are the same as the two stages of the previous model,
except that the quality level of the foreign output is 5¢, we can focus on the
first stage.!? 1In this stage, the foreign government choose a MQS 5; to
maximize the national welfare, which consists of the foreign firm’s profits,
making use of the reaction function of the home firm, R}, (ss)."* Differentiate
the foreign firm’s profit function with respect to the quality level to get:

d7Tf 87Tf T 87Tf aRh<Sf)
de an 88h 88f

1 _ _
= 5(9 —20+0)20 — 0 — 2\ (ey) + g

—l—l(g —20 +0)[2¢ (en) — g — 20 + @]aRh—(Sf)
9 an
_ é(g — 204 8) |2¢(en) — 27 (e5) — 3(8 — 6) (1 - 8%’17(;”)1 (24)

Note that ORy,(s¢)/0sy is the slope of schedule CDE in Figure 2. Evaluate

12 As will be explained later, the MQS chosen by the foreign government will be higher
than the Nash s; chosen by the foreign firm so that the MQS is binding.
13The home firm’s reaction function is defined in (13a).
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the derivative in (24) at the free-trade Nash equilibrium to give

dmy OryORp(sy) 1, ORu(s;)
= " = (0 — 0)(g — 20 + 0)———= > 0. 9
de Sf:S?‘ aSh an 3( _)(g _+ ) an > O ( 5)

Condition (25) implies that the foreign government has an incentive to impose
a MQS at least slightly higher than the free trade level. Because the quality
improvement cost becomes prohibitively high when ey is large, the foreign
government will never want to impose a MQS too high. Thus we conclude
that the optimal MQS for the foreign country is finite and higher than the
free-trade level. At the maximum, drs/dsy = 0, which, by condition (25),
implies!4

@Rh(8f>/(9$f < 1. (26)
It is easy to check that dgy/ds; > 0 and dg,/ds; < 0. Thus, the MQS
increases the volume of exports to the home market while reduces the sales

volume of the domestic good. Differentiate the home profit with respect to
the MQS to give,

dﬂ'h . aﬂ'haRh(Sf) i 87rh . aﬂh
dsy s, Osy Osy o Osy

< 0. (27)

Condition (27) implies that the home firm is hurt by the MQS.

From equation (24), it is easy to see how the MQS works: It moves the
equilibrium is moved from the free-trade Nash equilibrium to the Stackelberg
point, as the foreign firm acting as if it is a leader. Without any government
intervention, the foreign firm can hardly achieve this equilibrium because
any attempt to convince the home firm to produce an output with a higher
standard is not credible, but now with the MQS, an announcement by the
foreign firm to produce an output with a higher standard becomes credible.
Such a policy to help the foreign firm get a higher profit in the presence of
international rivalry is similar to the Brander-Spencer type export subsidies
(Brander and Spencer, 1985), as both have the effect of shifting (part of)
the home firm’s profit to the foreign firm. However, two differences between
the present policy and the Brander-Spencer type export subsidies can be
noted: MQS does not appear to be a trade policy, and due to the asymmetry

“Note that in (24), g > 20 — 0 and c/(es,) > A/ (ey).

14



between the two firms, MQS does not work for the home country.®
The impact of the MQS 5¢ on consumer surplus in the home country is

dCSh aCSh 8Rh(5f) i 8CSh

de 8sh 8Sf 88f
. 1 - - - 8Rh(8f) = -
= 5(0-0)[20-0-10) 5s; +(20—6—0)]
%(9 — )0+ 0 20)
0, (28)

where the first inequality in equation (28) comes from the assumption (26)and
the second inequality in equation (28) comes from the fact that 6 < (0+0)/2.
Thus, a foreign MQS always benefits the home consumers.'® The total effect
of the MQS on the home welfare is

dWh o (9CSh aRh(Sf) + 8CSh 1 87rh

de sy, (9Sf an aSf
~Lo—ores—0-92) Gy
Sf
Lo pfo-p-@ri-02D] (o)
2 an

The sign of dWW},/ds; is in general ambiguous and depends on, among other
things, the value of ORy(s¢)/0ss. We have the following proposition:

Proposition 2 When the home country imports the low-quality good, a MQS
on the tmports benefits the home country if the marginal cost function is
weakly convez, i.e., ¢"(e;) > 0.

15With a given market, the foreign firm wants the home firm to choose a higher standard
of its output so that it can have an output with a higher quality in order to capture a
bigger share of the market. Conversely, the home firm wants the foreign firm to choose a
lower quality so that it can capture a bigger share of the market.

16With cost advantage, the home firm producing the higher quality product must earn
higher profits than the foreign firm producing the lower quality product, otherwise the
former can always get higher profits than the latter’s duopoly profits by deviating to
produce the lower quality product instead. Thus, 97, = (s — e)(20 — 0 — 9)* > (es, —

ef)(0 — 20 + g)? = 9y, implying that g < 2(6 + 6) and 0=0+0+9)/3<(0+0)/2.
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Proof. Since g = 2c(ep,) + 0 — 20,

OG-0  0-20+g (en)—(0+0)/2
O+0—20) 40-50+g  len)+0-20

From equation (24), we know that ¢ (e;) =\ (ef) = 2(0—0)(1—0Rx(sy)/Dsy).
Thus

ORn(sy) _ (0g/0sy)
Jsy 2c"(ep) — (0g/0sp)
g— A (ey)

2¢"(ep)(en, —ep) — (en) + g

d(en) — AN (ef) +(en) + 0 — 297

2¢"(en)(en —ep) +(en) +6 —26

3(0 — 0)(1 — ORy(sf)/0ss) /2 + ' (en) + 0 — 20
2¢"(en)(en — ) + c(en) + 0 — 20 '

With some mathematical operations, we can get

ORn(sy) d(en) = (0+0)/2

Ds 2¢"(en)(en —ep) + c(en) — (0 +0)/2°

From equation (29), dWy/ds; > 0 if (6 — 0)/(0 + 6 — 20) > ORy(sy)/0s;,
i.e., 2d"(en) > 3(0 — 8)/2(e, — €f). This condition is satisfied if ¢ (e;) > 0,
because

2 (eh —ef)’

an

" 2(c'(en) = Ac(ey)) _ 3(0—0) ORy(s;)\ _ 3 (0-0)
2o > eh — ef  (en—ey) (1 ) g

where the last inequality comes from the fact that ¢’ (ey) > [/ (en)—A (ef)]/(en—
er) = 0G/0ey, + 0G/Dey, implying that
aRh(Sf) 8G/a€f C//(€h> — 8G/a€h

1
ds¢ - 2¢(ep) — 0G [ Dey, < 2c"(ey,) — 0G [ Oey, <3
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Under the duopoly model in a closed economy, Crampes and Hollander
(1995) show that if the quality response by the high-quality firm is less than
the increase in quality by the low-quality firm (i.e., ORy(ss)/0ss < 1 in our
notation), a MQS will increase social welfare. However, when we consider
an open economy in which the foreign firm exports to the home country, the
necessary (but not sufficient) condition to make the MQS increase the home
welfare is ORy,(sy)/0s; < 1/3, which is much stricter.!”

Comparing our results with Das and Donnenfeld (1989), one can find two
differences: 1. The sales by the home firm decrease while the sales by the
foreign firm increase. However, a MQS reduces both firms’ sales in Das and
Donnenfeld (1989). 2. The effect of a MQS on the home welfare is positive if
the marginal cost function is weakly convex in our model. However, a MQS
always hurts the home country in Das and Donnenfeld (1989).

Proposition 2 provides the circumstances that the home country may
benefit from the foreign government’s MQS policy. In fact, it also implies
that the home government can increase its welfare by setting a MQS on the
imports if the foreign government does not take any MQS policy and if the
marginal cost function is weakly convex. However, in Das and Donnenfeld
(1989), the home government has no incentive to adopt a MQS policy because
it always hurts the home country. In the real word, many exporting and
importing countries do adopt the MQS policies. Thus, our model is better
to accord with the real observations and to justify the MQS policy.

5 Minimum Quality Standard and Tariff

As explained, a MQS imposed by the foreign government has an adverse effect
on the profit of the home firm. This can be used as a reason for imposing a
tariff on the imported foreign product. It is well known that tariff is a policy
to shift profit from the foreign monopolist to a domestic firm. It is thus a
policy that can be used as a counteracting policy to protect the domestic
firm. This section examines the interactions between the two governments
when trying to protect their own firms. Two cases are considered: the case
in which both governments choose their policies simultaneously, and the case

TFrom footnote 14 we know that 6 < $(0+0). AWy /dsy > 0 if [(0—0)/(0+6—20)] >
ORi(s7)/0sg. Since [0 —0)/(0 +0 —20)] = [(0 — 8)/(0 — ) + (0 - 0)] = [(0 - 0)/(0 -
0)+1]7' < 1, 0Ru(sy)/0sy < % is a necessary (but not sufficient) condition for a foreign
MQS benefitial to the home country.
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in which the foreign government takes the first move.

5.1 Simultaneous Policies

We now modify the above three-stage game. In the first stage, the foreign
government chooses MQS and the home government chooses a tariff at the
same time. In the second stage, taking the policy parameters as given, both
firms choose the quality and then in the third stage they choose the prices.
As usual, the third period is solved first. The profits of the firms can be
written as:

T = [pn—a—clen)lgn (30a)
T = [pr—t—a—Acleg)lar, (30D)

where superscript “t” is used to represent variables in this case with a tariff.
Following the steps explained above, differentiate each firm’s profit function
by its price and solve the equations to give!®

1 _
po= a-+ 3 [2c(en) + Ac(ey) + (20 — 0)(en, — ey) + t] (31a)
1 _
Py = a+ g[c(eh) +2Xc(er) + (6 —20)(en, — ef) + 2. (31b)
The resulting profit functions of the firms are
= %(eh o) (20— 06— G (322)
1 _
T = glen—en)0 =20+ G), (32D)

where G = [c(ep) — Ac(ef) — t]/(en — ef) for e, > ey > 0. The first-order
conditions in the second stage are
20 —0 —2d(ep) +G = 0 (33a)
20 — 0 — 2\l (ef) + G = 0. (33b)
Again, assume that the following second-order conditions holds:
ey = 99°m/0e} = 2(ep, — e)(0G/Der)[(0G ) Der) — 2" (e4)] < O
e = 90°mh /0% = 2(ep — €5)(0G/0ey)[(0Gdes) — 2X" (ef)] < 0.

18The second-order conditions are assumed to hold.
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Furthermore, note that e;; = 99°7},/0epdey = 90°7/0endey = en =
2(ep, — e5)(0G/0ep)(0G/0ey) > 0. In addition, it is assumed that H =
e11€20 — €12€91 > 0, the usual “stability” condition. Equations (33a) and
(33b) provide the reaction functions of the home and foreign firms, which
can be alternatively denoted as Ry(sf,t) and Ry(sp,t), respectively. Note
that ORy (s, t)/0sy = —e1z/enr > 0, OR¢(Sh,t)/0sp, = —ea1/exn > 0. Solving
conditions (33) gives the equilibrium qualities, which are denoted by (s (¢),
s%(t)). Note that (sj(t = 0), s%(t = 0)) = (s}, s}), the free-trade Nash
equilibrium derived in the previous section.

In this stage, both firms take the policy parameters as given. It is inter-
esting to see how the quality levels of the firms’ outputs are affected by a
home tariff, if initially there is no MQS. Differentiating equations (33) with
respect to t yields

[ow ][O/ _ [ 20GI0w ]

Solving these two equations, we get

ast —20”(6 )

f h
i S (VA 4
ot (en —ep)H <0 (342)
Jsj,  —2X"(ey)
o (e—epd (34b)

Conditions (34) show that if there is no MQS a home tariff discourages the
quality levels of both domestic and foreign goods.

Substituting R (5%,t) into equation (32b), we get '(5%,) as a function
of 5} and t. In the first stage, the foreign government chooses §§c to maximize
w}(?}, t), taking the specific tariff ¢ as given. The first-order condition is

dr's (5%, 1) _ or' N o' ORy(sf, 1)
de &S’f 8Sh 88f
which gives the reaction function of the foreign government, §’} (t), in terms
of t.

To see how an interior solution for the foreign government exists, note
that

—0, (35)

dr _ Om; ORy (34, 1)
de 85h 88f

> 0.

szs;
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This implies that the foreign government still has an incentive to impose
MQS, even in the presence of a home tariff. The second-order condition
d*7’; /ds} < 0 is assumed to be satisfied. The slope of the reaction function
5%(t) is given by
05 d'ml/dspdt
ot dt L /ds? =Y
f

because d*n’;/dsydt < 0." Condition (36) means that the level of the MQS
decreases as the home tariff increases. Moreover, a specific tariff always
has the effect to reduce both quality and quantity of the imports no matter
whether the foreign government sets a MQS or not, i.e., 5%(t) < 3%(t =0) =

5 if the foreign government is active and s%(t) < s%(t = 0) = s} if it is not.
This result is different from Krishna (1987), indicating that a specific tariff
raises quality and lowers imports when the marginal customer with higher
willingness to pay has a higher valuation of an increment in quality.?? Since
the MQS raises both quality levels while the tariff reduces them, whether the
equilibrium quality levels (R, (5%(t),t), 5%(t)) are higher than the benchmark
equilibrium quality levels (s}, 33}) or not will depend on the level of t.

Before we consider the home government’s optimal tariff policy, we need
to derive the prohibitive tariff level which would deter the entry of the foreign
firm. The prohibitive tariff is the one to make the foreign firm’s duopoly
market share just down to zero, i.e., G = 20 — . From equation (33a), when
G =200, (es) = (0+0)/2. Let e, = ¢71[(0+6)/2]. Given a certain level of
MQS 5 = &%+ sy, the prohibitive tariff is ¢, = c(ex) —Ac(el) —(20—0) (en—e}).
When t € [0, t,), entry is accommodated and a duopoly equilibrium of quality
levels (R (5%,1), 5%) exists.

Ift, < 05 —a—Ac(é%) and t € [t,, 05 —a— (%)), entry is deterred but
not blockaded because (o + Ac(e}) +t)/5% < 0. With the credible threat of
entry by the foreign firm to produce 5’} with the minimum price oz—i-)\c(é’}) +t,
the home firm has to set a price pj = o + Ac(e}) +t + f(efl — &) (where
d stands for entry deterrence) if it chooses to improve the quality by ef in

(36)

19Gee Appendix A for a proof.

20Tn our model, the valuation of an increment in quality by the customers buying the
domestic (forelgn) goods is Apy, /Os, = 0+0—0 (8pf/8sf = 0+0—0), both increase as 0
increases. Thus, the marginal customer indexed by 6 with higher willingness to pay has a
higher valuation of an increment in quality no matter whether he purchases the domestic
or foreign goods.
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order to make 6 = §. Thus, the home firm’s optimization problem is

Irﬁx()\c(é}) +t+0(ef — &) — clen)( — 0).

The first-order condition is § — ¢/(efl) = 0, and eff = ¢/~'(#). When t > g5, —
a— Ac(€}), entry is blockaded because (a+Ac(€})+t)/5% > 0. The home firm
can maintain its pure monopoly position to choose the monopoly price p;* and
quality s such that p*/si* < 6. (where m stands for monopoly). Thus, the
optimization problem for the home monopolist is max(p}* —a—c(e)) (6 —0),
s.t. 0s7" — pi* > 0. Solving the problem by backward induction, we get the
second-stage optimal monopoly price p}* = 0s* = 0(so + €}') and the first-
stage optimal improvement in quality e}* = ¢ ~1(f).

If t, > QE} —a — )\c(é}) and when ¢t > t,, entry is always blockaded
because (o + Ac(€%) +t)/5% > 0. Thus, the optimal improvement in quality
e = ¢ ~Y(f) and the optimal monopoly price pj* = s7" = 0(so + €'). In
sum, as long as the tariff is set above the prohibitive level ¢,, the home firm
always chooses e;, = ¢1(#).2! One interesting thing to note is that the home
government has an incentive to impose a MQS on its domestic product under
autarky. Under autarky, the home welfare equals (0 — 0)[3(0 + 6)(so + €5) —
a — c(ep,)]. Thus, the socially optimal improvement quality is ¢~1[(6 + 6) /2],
which is higher than ¢'~!(f). By imposing the MQS 5;, = so + ¢ ~![(0 + ) /2]
on its domestic product, the home government can force the home firm to
produce the socially optimal quality level to maximize the social welfare.

Lemma 3 When the home government imposes a specific tariff above the
prohibitive tariff level, the autarkic quality of the domestic product is always
so+c71(0). However, the home welfare under autarky is maximized when the
quality of the domestic product equals sy + ¢ ~1[(0 + 8)/2]. Thus, the home
welfare itself has the incentive to impose a MQS 5, = so + 710 + 0)/2]
under autarky.

Lemma 3 actually shows that the autarkic quality of the domestic product
is always equal to so+c'~1(6) (if there is no domestic MQS policy), no matter

2l Even though ey = ez = c/*I(Q), the pure monopoly price p;* when entry is blockaded

is higher than p% when entry is deterred because p}* —p‘f,/ = QE’} —a— /\c(éﬁc) —t > 0,.where
t € [tp, 05% —a—Ac(e})). Thus, mj > 7. However, consumer surplus is lower when entry
is blockaded than when entry is deterred, and the home welfare is the same under both
cases.
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the entry deterrence is due to the home firm’s cost advantage (A > \°) or
the home government’s trade policy (¢t > t,).

Now back to the home’s optimal tariff policy. The home welfare, which is
defined as W} = 7, + C'S* + g}, is a function of 5% and . Taking the foreign
government’s MQS 5'} as given, the home government chooses a specific tariff
t to maximize the home welfare. The first-order condition is

AW (5%, 1) ort  9CSt  OCS'ORy(ss,t)
at S o o Tos, o U
8_q3c 8_611}8Rh<8f, t))
ot ('ish ot
(0 — 0)[2¢" (en) (e — eg) + 2 (en) — (0 + 0)] — 2¢" (en)t
3[2¢" (en)(en — ef) + (en) — (20 — 0)]
= 0. (37)

+(

Thus, we can express the optimal tariff as

. /7 2c(ep) — 0 — 0
" =0-0) |(en—ep) + 2’;,,(%)

(38)

The second-order condition d*W}/di? < 0 is satisfied as long as ¢”(e;) is
small enough.?? Equation (37) provides the reaction function of the home
government £(5%), and its slope is given by

ot d*Wi/dids;
o5t dPWi/de

The sign of d*W}; /dtds; is ambiguous. If ¢”(e;) > 0, 0t/05% < 0, meaning
that the optimal tariff decreases as the level of MQS increases. Thus, if
" (e;) > 0, we know that 5% and ¢ are strategic substitutes. It can be shown
that dW}/dt(t = 0) > 0, implying that at least a small positive tariff is
welfare improving. Assume that an interior solution (5%, t*) exists by solving
equations (35) and (37) simultaneously. Moreover, additional conditions to
make sure that ¢* is the optimal tariff in equilibrium is that dW} /dt(t = t,) <
0. That is, the optimal tariff ¢* is below the prohibitive tariff ¢,. However, if
dW}/dt(t = t,) > 0, the home government will set the prohibitive tariff to

22See Appendix B for a proof.
23See Appendix C for a proof.
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ban imports. Recall that ¢, = c(en) — Ac(€}) — (20 — 0)(en, — €%), taken €}
as given..Evaluating the numerator in equation (37) at ¢t = t,,, e, = e, and
e = €%, we get

(39)

Thus, the sign of dW}/dt(t = t,) depends on the sign of 6 — [c(en) —
Ac(e})]/(en — €%), which is indeterminate. If 6 < [c(en) — Ac(€%)]/(en — €%),
then dW}/dt(t = t,) < 0 and the optimal tariff is t* as solved in equation
(38). However, if 0 > [c(en) — Ac(€%)]/(en — €%), AW} /dt(t = t,) > 0 and the
optimal tariff is ¢,. In fact, the sign of 0§ — [c(en) — Ac(€})]/(en — €}) depends
on the value of A\ and é’}. If X is big, there is no way for the foreign govern-
ment to set a MQS € to make § < [c(ep) — Ac(€%)]/(en — €%), so the optimal
tariff for the home country is always the prohibitive tariff. Thus, the foreign
government is unable to avoid a prohibitive tariff by using the MQS policy if
the cost disadvantage of its firm is too big. On the other hand, if X is small,
the foreign firm can choose a €’ to make 0 < [c(en) — Ac(€})]/(en — €%) so
that the optimal tariff is below the prohibitive tariff to allow trade. Thus,
the foreign MQS policy could be an effective instrument to reduce the tariff
if the cost disadvantage of the foreign firm is small enough.

Proposition 3 When the foreign firm produces the low-quality good, the for-
eign government has an incentive to set a MQS on the exports to increase
the foreign firm’s profits no matter whether the home government is active
or not. If the home government imposes a specific tariff below the prohibitive
tariff to accommodate entry, both quality levels of the domestic and foreign
goods decrease with the tariff.

Proposition 4 If the cost asymmetry parameter X is small enough, the for-

eign government can use a MQS to make the home government choose the
optimal tariff below the prohibitive tariff to allow trade.
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5.2 The Foreign Government as a First Mover

Now consider the case when the foreign government is able to impose a MQS
before the home government chooses a tariff. This case is relevant when
the home country finds it easier to impose a restrictive trade policy if it is
justified as a retaliation to a foreign policy that hurts domestic firms.

This case can be analyzed by introducing an additional stage to the above
game, making it a four-stage game. In the first stage, the foreign government
chooses the MQS level for its own firm. In the second stage, the home
government chooses a specific tariff level. In the third stage, the home firm
chooses its quality level. In the fourth stage, the two firms compete in prices.

Solving the game by backward induction, it is noted that the third and
fourth stages of the present game are similar to the second and third stages
of the previous game, implying that the results derived earlier can be applied
here. In the second-stage, the equilibrium tariff is given by equation (37),
and it is assumed that it is below the prohibitive tariff level. In the first stage,
by taking into account the effects of the MQS level on the tariff, quality, and
prices chosen by the corresponding agents in the subsequent stage, the MQS
level is chosen according to the following first-order condition:

dry _ ory o <8Rh(sf,t) LATR) 875) omy ot _ (40)

dsg  OJsy = Osy Osy ot 8§? ot 35?
Compared to equation (35), the additional terms in equation (40) are

O’ ORy(sy,1) N orh\ ot
&S’h ot ot

o > 0,

where the sign is due to 0t/05% < 0 and based on ¢"(e;) > 0. What this
means is, the foreign government’s strategic incentive to use a MQS policy is
even larger if it can move ahead of the home government, as a higher MQS
will induce the home government to impose a lower tariff. Thus, we have the
following proposition:

Proposition 5 If the cost asymmetry parameter A is small enough and the
marginal cost function is weakly convex, i.e., ¢"(e;) > 0, the foreign govern-
ment as a Stackelberg leader will set a higher MQS level to induce the home
government to impose a lower tariff than in the case of the simultaneous
move of the two governments.
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It is worthwhile to check whether a specific tariff is needed if the foreign
government is inactive. The third-stage and second-stage equilibria are given
by equations (31) and (33). Substituting (s}, (), s%(¢)) into the home welfare
function, and now it is a function of ¢ only. In the first-stage, the home
government chooses a specific tariff ¢ to maximize its home welfare. The
first-order condition is

Wi _ omy  Om0sy  0CS'  9CS'dsy | 9CS' O
dt ot dsy Ot ot Os, Ot dsy Ot
aqf 8q} Osh aq} 83}

A il e R
4 N /! /!
= m{(e —0)[\"(en)"(ef)(en — ey)
+(A(ep) = (en))(G — Al (ef))] — A" (en)c" (ep)t}
~ 0 (41)

We can find that
- CMO e e

The second-order condition d*W} /dt? < 0 is assumed to be satisfied. Evalu-
ating equation (41) at ¢t = 0, we find

dd—mﬁ(t _ )= 40 — gz\c”(ef) {c”(eh) n (1 _ )\C;((ef))) (Geh ice(ff))l

When ’(ep) < A’(ef), we can make sure that d?:h (t = 0) > 0. When
" (en) > A"(ey), with the assumption that ¢”(e;) is small enough so that

20" (ef) > '(en) > Ac’(eg), we can still make sure that dW L(t =0) >0
because

(- ) (220
s =G, de) (GM) (L)) (G-e)

2(ep, —ep)  2X(ey) en — ey A (ey) en — ey

_ e =G (1_ (en) )(G—)\c’(ef))

(en —ey) 2X\"(ey) ep — ey

)

9}

9}

OL\D
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where the first inequality comes from the assumption that H > 0, i.e.,
20\ (ep) " (ef) > c”(eh)g—g—l—kc”(ef)@ = c”(eh)(m)—l—)\c”(ef)(%).

Ode ep—e
Thus, imposing a positive tariff will irilcrease the ho?nefwelfare. We also have
to check whether the optimal tariff is below the prohibitive tariff. Note
that there is no MQS now, and the equilibrium quality choices are given
by equations (33). The prohibitive tariff is the one to make G' = 20 — 0
in equations (33), i.e., the market share of the foreign firm equals to zero.
That is, at the prohibitive tariff ¢,, the home firm and the foreign firm will
choose e, = ¢~ (H2) and e; = ¢~1(22), respectively, and G = [c(ep) —
Ac(er) —tp)/[en—es] = 20 — 6. Thus, t, = c(en) — Ac(er) — (20— 0)(en —ey).2

Evaluating equation (41) at t = t,,, we find*

dw; AN (en)"(er) 1
I |y~ B epH (0 —0)(en—es) = tp}
AN (en)c"(e5) 7
= g (e e —elew) + deley)
A (en)(ep) | . c(en) — Acley)
B 3H o €n —€f
> 0. ) (43)

That is, the optimal positive tariff we derive in equation (42) is always greater
than ¢,. Thus, when ¢”(e;) < 0, the home welfare is maximized at the tariff
level slightly below the prohibitive tariff. Recall from Lemma 3, the home
welfare under autarky is maximized when the domestic quality equals to
so+ (0 + 0)/2], ie., so+ e, When ¢ is slightly below ,, the domestic
quality is very close to s+ ¢'~*[(0 +0)/2]. Although entry is accommodated,
the market share of the foreign firm is very close to zero as if there was no
trade at all. In that case, the home welfare is maximized. However, if the

tariff is set equal to ?,, entry is deterred and the home firm will produce

24Tn fact, when t = t,,, the foreign firm earns zero profits either entering the market or
staying out of the market. Thus, the home firm would produce the quality level so+c ~1(8)
anyway so that entry is deterred at ¢ = t,. Strictly speaking, when ¢ is very close to but
below t,, ey, is very close to ¢’ ~1[(0+6)/2] and e is very close to ¢/~1[(20—6)/)]. Although
the market share of the foreign firm is almost down to zero, entry is still accommodated.
However, when ¢t = ¢, the home firm will choose e, = ¢’~(@) and the foreign firm will
stay out of the market.

25See appendix D for a proof of the sign in the following equation.

26



so + 7(#). The home welfare is reduced Thus, when ¢’(e;) < 0, the home
government is better to set the tariff slightly below the prohibitive level to
allow a very small import from the foreign country. With the competition of
the foreign firm, the home firm would produce a higher quality than what it
would produce under autarky. Thus, consumers benefit and the home welfare
is higher with small trade than no trade at all.

Proposition 6 When the foreign government is inactive, the optimal spe-
cific tariff level is very close to but slightly below the prohibitive level t, =
clen) — Aeles) — (20 — )(en — er), where e, = ¢1[(6 +0)/2] and ef =
(20 - 0)/].

When the foreign government is inactive, the home government is able to
set the tariff to affect the quality choice of the foreign firm. The optimal tariff
is the one slightly below the prohibitive level to allow a small trade rather
than to totally ban the trade. With the competition of the foreign firm, the
home firm would produce a higher quality that benefits the home consumers.
Although the profits of the home firm are smaller than the monopoly profits,
the increase in consumer surplus is greater than the loss in the home firm’s
profits, so the home welfare is higher with a small trade.

When the foreign government is active to adopt a MQS policy, the foreign
government can strategically choose the MQS level in order to affect the tariff
and the quality of the home firm chosen by the home government and the
home firm. By setting a higher MQS level, the foreign government can induce
the home government to impose a lower tariff and thus help its firm gain more
market share in the home market. Thus, the MQS policy adopted by the
foreign government not only helps the foreign firm behave as a Stackelberg
leader to choose the quality level ahead of the home firm, but also serves as
an instrument to reduce the tariff imposed on its exports.

6 Concluding Remarks

We examined the use of minimum quality standard (MQS) for an open econ-
omy. We showed that in the presence of an international duopoly, there are
situations in which the country with an inferior technology in quality im-
provement can use such a policy in a strategic way to shift part of the profit
of the advanced firm toward its own firm, thereby improving its own national
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welfare. In this sense, MQS is similar to other strategic trade policies such
as export subsidies that are well known in the literature.

While export subsidies and many other types of subsidies are prohibited
by the World Trade Organization (WTO) to be used to promote trade, it
seems that MQS is not covered by the current WTO agreement on subsidies
and counterveiling duties because it does not directly involved government
revenues. What we can learn from this paper is that there are some non-
subsidy policies that can also be used strategically in an international context.

We also argued that the current system of remedies, i.e., countries need
to challenge to the WTO’s dispute settlement procedure in the presence of
a prohibited subsidy, provides a first-mover advantage to the country that
imposes a strategic trade policy in the first place.
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Appendix A
Totally differentiating equation (35) with respect to ¢t we get

d27r'} d(dr'/dsy) ORy(sp,t)  O(dm'/dsy)
dedt aSh ot ot
_ 0277? n 82'”30 8Rh(8f,t) n 871'1} aZRh<Sf,t) aRh<Sf,t)
Jdsp0sy  Ost Js¢ Jsp Dspdsy ot
n 827th 8277} 8Rh(8f, t) n 871'1} 6Rh(8f, t)
anat s 0t an sy, 8Sfat
_ 8271'} 8277'30 8Rh(8f,t) 8Rh(8f,t)
dspdsy ~ Osi Osy ot

O*my 0’1y ORy(sy, 1) N Oy d(ORy(ss,1)/0sy)
anat 8sh8t an 6Sh dt

+ (44)

where ORy(s¢,t)/0t = 1/(en — €f)[(0G/0ep,) — 2¢"(e)] < 0 due to the
second-order condition. 827@ /0sp0sy = ea1 > 0 and

or's 1 o _
— = —(G—=20+0)[2¢(en) —G—20+0] >0
8Sh 9
o*rt 190G 1 _ oG
f _ YT / e + _ " Y
g%~ 00e [2¢ (en) — G — 20 + 0] + 9(G 20 4 0) l?c (en) &GJ > 0.

In addition,
Pry _ AG-Meg)] _,
8Sf8t o 9(6h - ef) '

and )
Py 2[d(en) = Gl

ashat N 9(eh - ef) <0.
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d(OR(ss,1)/0sy) O?Ry(sy,t) ORn(sy,t) | O*Ry(sy,)

dt 8Sh88f ot 8Sf8t
_ O(—e1z/e11) ORp(sy,t) n d(—eiz/enr)
sy, ot ot

(0G/0ef)Q — 2" (en)

(en — es)?[2¢" (en) — (G Oen)]?
[3(0G/0ey) + 2(0G /Oey,) — 4" (en)] " (en)
(en — ef)*[2¢" (en) — (0G/De))J?
2¢"(en)(en — €5)(0G/Dey)

(en — €5)?[2c"(en) — (0G/Den)]’

where Q = [3¢"(en) + 2" (en)(en, —€5)]/[2¢" (en) — (0G/Oep,)]. Assuming that
" (e;) is small enough, so we can ignore the term with ¢”(ep) in equation
(45). With some mathematical operations and denote 0G/de;, and 0G//0e;
as x and y, respectively, we can get

(45)

d27T§c _ 4(0G/0es)c (en)
dsgdt  9[2¢"(ep,) — (0G/0ey)]

={22% + 62y + 3y —2¢" (en) [z + 3y +2¢" (en)] }.

The sign of d*z%/dsydt depends on the whole term of 22* + 6xy + 3y* —
2" (ep)[x 4+ 3y + 2" (ep,)]. We know that 2¢”(ey) > 0G/0ey, +0G/0er = x+y
from footnote 6, so we can make sure that d*z’/dsydt < 0 because

222 + 6y + 3y% — 2¢ (en)[z + 3y + 2" (ep)]

< 22% 462y + 3y — (v +y)[x + 3y + 2" (e1)]
= z(x+y)+ay—2(z+y)"(en)
< 2d"(ep)x +xy — 2(x +y) (en)
= xy— 2" (en)y
[ —2c"(en)]y
< 0.

Appendix B B
Let z = 2c”"(ep)(en, — ef) + (en) — (26 — @), and totally differentiating
equation (37) with respect to t we get

30



d*W} O(AW}E/dt) ORy(sp,t)  O(dW}/dt)
dt? Osp, ot ot
(0 — 0)[Ac" (en,) + 2¢" (en)(en, — ef — )] OR(s4,t) _2c"(en)
3z ot 3z

Aslong as ¢”'(e;) is small enough, d*W} /dt* < 0 because z > 0 and Ry, (sy,t) /0t <
0.

Appendix C
Totally differentiating equation (37) with respect to s; we get

d*w} (AW} /dt) ORp(sy, 1) N (AW} /dt)

dtde &sh an an

_(0-9) {[40”(eh) +2c"(ep)(en, — € — t)](?Rh(sf, t) 20”(eh)}

B 3 2 Osy z

(é — Q) U aRh(Sﬁ t) " 8Rh(5fa t)
= Y2y A ALV Y ) — ey — )20
3 d"(en) Ds; +2c" (ep) (e, —ef — t) Ds; ,

where ej,—e;—t* = (ep,—es)[1—(0—0)]— (éig)gf/l/((eez))féfﬂ < 0aslongasf—0 >
1.If ¢"(e;) > 0, ¢ (en) > c (egzizf(ef) S c (ehe)h:)\:f(ef) = g—g -}-g—ec;’ implying that
—aR’(})Sf’t) — (%) / (20”(€h) — STGh) < [c”(eh) - g—i] / [20”(eh) - %} < 1.

Thus, we can be sure that d*Wj /dtds; < 0 and 9t/d5% < 0 if ¢ (e;) > 0.

Appendix D
Suppose that A = 1 for the time being. The Taylor series shows that

cer) = eleg) +legen =) + o2 en )
+C <66_f) (en—ep)’ + %(eh —ep)t (46)
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Equation (46) can be rewritten as

clen) — cley) , "(ey)
e cleg) + ——(en—es)
(ey) &(ep)
T (%_ﬂ)2+724— (en—ep)’+ .
_ (ey)
= W-0+——(en—ep)+
(ey) &ep)
5 (en—ep)? + 52 (en—ep) + .. (47)
Applying the Taylor series again, we have
C/// (ef) C//// (ef
d(en) —Cc(ey) = "(es)(en—es) + 5 (en—ef)? + . (en—ep)’+ .
30— 6)
= 5 (48)

because (e;) = (6 + 6)/2 and d(ey) =20 — 0. Dividing equation (48) by 2
we get

3(9 —Q) C”(e ) C”’(e ) C”"(ef)

8 _ Doy T e C e
c"(e ) Cm<6f) C////(ef)

> ()t (=) e e)

c(en) — cley) _ (ey)
— = = 20—+ ——(ep —
en—eg iy
C”I(e) CIIII(€>
+— (en —ep)” + 54 (en—ep)’+ ..o
- 2Q—9+3(9_0)
4
50 —46
4
< 8
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Since A > 1, «9>[ceh —c(e ] [eh—e_f]>[(_h) Ac(e )]/[e_h—e_f],
and this proves dW} /dt(t =t,) > 0 in equation (43).

33



Figure 1

Quality Improvement Functions of the Firms
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Figure 2

Nash Equilibrium with Quality Competition



Figure 3

Quality Competition Schedule
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