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Utilizing linear mixed oligopoly model, this paper explores the magnitude of the maximum-revenue tariff, optimum-welfare
tariff, and revenue-constrained optimal tariff that is especially designed for the consideration of the bureaucratic inefficiency.
In particular, the tariff ranking issue is examined under both cases of Cournot competition and domestic public leadership. We
found that, under Cournot competition, the optimum-welfare tariff is the highest and it is followed by the revenue-constrained
optimal tariff while the maximum-revenue tariff is the lowest. But, under Stackelberg public leadership, if the domestic private
firms are fewer than the foreign firms, the maximum-revenue tariff becomes the highest and the optimum-welfare exceeds the
revenue-constrained optimal tariff.

1. Introduction

Whether to apply maximum revenue tariffs or optimum
welfare tariffs is interesting and should be deliberated
because the tariff revenue is an important income source
of a government before building up an efficient tax system.
However, a government may adjust its goal from maximum-
revenue to optimum-welfare along with economic improve-
ment and the need for fiscal reform.

In traditional tariff analyses, Johnson [1] argued that
the maximum-revenue tariff is higher than the optimum-
welfare tariff because a “large” country could change the
terms of trade in order to raise its social welfare. From the
strategic trade aspect, Brander and Spencer [2] showed that
a government could improve its terms of trade through using
tariff as a strategic instrument in an oligopoly market to take
a leading position for transferring foreign firm’s revenue to a
domestic firm. Collie [3] demonstrated that, in a Cournot
duopoly market with linear demand and an asymmetric
constant marginal cost, the optimum welfare tariff exceeds
the maximum revenue if the domestic and foreign firm’s
marginal costs are equal. Larue and Gervais [4] allowed
an asymmetric number of domestic and foreign firms and

showed that, if the numbers of domestic firms and foreign
firms are the same, the maximum-revenue tariff is higher
than the optimum-welfare tariff. Clarke and Collie [5] found
that, in a Bertrand competition model, the optimum-welfare
tariff is higher than the maximum-revenue tariff when the
products are highly substitutable. Wang et al. [6] introduced
market share delegation in a trade duopoly context and
demonstrated that the home government unambiguously
imposes a higher optimum-welfare tariff than maximum-
revenue one regardless of the form of delegation. Wang et
al. [7–9] reexamined the tariff ranking issue under a linear
mixed oligopoly model with foreign competitors and asym-
metric costs (Maw [10] reviewed the empirical evidence and
justified the adoption of partial privatization in transitional
economies. Chang [11] adopted Matsumura’s [12] model
to analyze the optimal trade and privatization policies in
an international mixed duopoly with cost asymmetry while
Chao and Yu [13] examined the effect of partial privatization
or foreign competition on optimal tariffs and found that
foreign competition lowers the optimal tariff rate but partial
privatization raises it. Van Long and Stähler [14] recently
established a mixed duopoly model with partial privatization
to discuss how state ownership impacts the optimal import
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tariff and export subsidy. The above papers concern how
the degree of partial privatization affects optimal tariff
but not the revenue-maximum tariff.) In particular, they
demonstrated that, under Cournot competition, when the
domestic private and foreign private firms become more
unequally distributed, the optimum-welfare tariff exceeds
the maximum-revenue tariff. Wang and Lee [7] revealed that,
in an international mixed oligopoly with asymmetric costs
and partial privatization, when the marginal cost of the pri-
vatized firm exceeds a critical value, the maximum-revenue
tariff is higher than the optimum-welfare tariff. Wang et al.
[15] further explored tariffs ranking under Cournot and two
Stackelberg cases and found that, in an international mixed
duopoly, the optimum-welfare tariff will be lower than the
maximum-revenue one regardless of the order of firm’s move
when the marginal cost of the privatized firm is higher than
a critical value; furthermore, if the degree of privatization is
sufficiently high and the domestic firm is highly ineffective
in production, then it is more possible that the optimum-
welfare tariff is lower than the maximum-revenue tariff when
the public firm is the leader in the Stackelberg market.

Early studies of mixed oligopolistic markets [16, 17] were
based on the framework in which welfare-maximizing public
firm competes against profit-maximizing private firms in a
closed economy (See Katsoulacos [18] for rationalizing the
firms’ objectives in transitional economies, and Fjell and Pal
[19] and Pal and White [20] on modeling mixed oligopoly
that includes both domestic and foreign private firms. Also
see Bárcena-Ruiz and Garzón [21] and Matsushima and Mat-
sumura [22] introducing the mixed oligopoly model into the
field of environmental policy and location choice, resp.) In
the real world, along with the wave of trade liberalization, the
situation of more foreign firms entering the domestic market
is prevalent. The modeling of mixed oligopoly with foreign
competitors began with Fjell and Pal [19], who studied the
effects of introducing foreign private firms on equilibrium
price and allocation of production. In a seminal paper, Pal
and White [20] explored the interactions between privatiza-
tion and strategic trade policies with and without efficiency
gain. Fjell and Heywood [23] examined the equilibrium
effects under Stackelberg public leadership and discussed the
effects of allowing foreign firms to enter the domestic market,
while Matsumura [24] studied the endogenous timing of a
mixed duopoly and showed that the public firm evolves to
become the leader in the presence of foreign competition.

Leahy and Montagna [25] examined strategic trade
policy under a heterogeneous cost oligopoly and showed
that the government favors the most efficient firms only
with a sufficiently low social cost of public funds. Neary
and Leahy [26] characterized optimal revenue-constrained
trade and industrial policy towards dynamic oligopolies and
proved that total net subsidy payments at the optimum
decrease with the social cost of public funds. Hatta and
Ogawa [27] examined the optimal tariff structure under a
revenue constraint and showed that the revenue-constrained
optimal tariff structure is characterized by two rules: (i) the
optimal tariff rate is lower for the import good that is a closer
substitute for the export good and (ii) the stronger the cross-
substitutability between imports, the closer the optimal tariff

is to uniformity (There is literature related to the competi-
tion policy implication of tariffs like Yano et al. [28], who
demonstrated that the common wisdom saying that compe-
tition policy is at best the second best in serving as a substi-
tute for tariff policy that creates a beggar-thy-neighbor effect
no longer holds if a country can impose a tariff on only a part
of the entire spectrum of imports, and consequently, tariff
policy may not be as effective a beggar-thy-neighbor policy as
competition policy.) Though the mentioned studies explored
the implications of revenue constraint on strategic subsidy
or optimal tariff or even questioned the effectiveness of tariff
policy as a competition policy, those works failed to consider
public firms in the context of international mixed oligopoly.

In this paper, we explore the magnitude of the maxi-
mum-revenue tariff, optimum-welfare tariff, and revenue-
constrained optimal tariff that specially considers the
bureaucratic inefficiency. In particular, we examine the tariff
ranking issue under both cases of Cournot competition and
domestic public leadership. We found that, under Cournot
competition, irrelevant of the firms’ distribution between
the domestic and the foreign firms, the optimum-welfare
tariff is the highest with the revenue-constrained optimal
tariff followed by the maximum revenue tariff which is the
lowest. On the contrary, under Stackelberg public leadership,
if the domestic private firms are fewer than the foreign firms,
the maximum-revenue tariff becomes the highest followed
by the optimum-welfare tariff and the revenue-constrained
optimal tariff turns out to be the lowest.

The rest of this paper is organized as follows. Basic
modeling is provided in Section 2. Section 3 contains the
analysis of tariff ranking. Section 4 concludes the paper.

2. Basic Modeling

Consider a domestic market for a homogeneous good
produced by 1 public firm, n domestic private firms, and
m foreign private firms. The output of the public firm,
ith domestic private firm, and jth foreign private firm are,

respectively, denoted by q0, qdi , i = (1, . . . ,n), and q
f
j , j =

(1, . . . ,m), while the marginal costs of those firms are c0, cdi
and c

f
j , respectively (When cdi ≤ c

f
j , no foreign private firms

will produce and export to domestic country. See also Huang
et al. [29] for the extended specification.) The total output is

given by Q = q0 +
∑n

i=1 q
d
i +

∑m
j=1 q

f
j , and the linear demand

function is p = a− q0 −
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d
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j=1 q

f
j .

The profits of public firm, domestic private firms, and
foreign private firms are given by:
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The domestic government imposes a specific tariff on
the foreign firms with the tariff rate t, and that brings tariff

revenue R = t
∑m

j=1 q
f
j to the government. The social welfare

is defined as

W = CS + π0 +
n∑

i=1

πd
i + t

m∑

j=1

q
f
j , (2)

where the consumer surplus is given by CS = (1/2)(q0 +
∑n

i=1 q
d
i +

∑m
j=1 q

f
j )2.

The revenue-constrained social welfare is then defined as

RW = CS + π0 +
n∑

i=1

πd
i + δt

m∑

j=1

q
f
j , (3)

where δ signifies the social cost of public fund for represent-
ing administrative inefficiency of government bureaucracy.
The range of parameter δ is δ ≤ 1 meaning that the lower the
δ is, the higher the social cost is. (See Leahy and Montagna
[25] and Neary and Leahy [26] for the specification where
δ is the marginal social cost of funds. Neary and Leahy [26]
argue that δ is normally greater than unity which is different
from our specification but the economics intuition is the

same.) The difference between W and RW is (1−δ)t
∑m

j=1 q
f
j .

Note that (2) and (3) represent the objective functions of the
government depending on the goal the government pursues.

In this model, backward induction is used to solve the
subgame perfect Nash equilibrium.

3. Tariff Ranking Analysis

In this section, the ranking of revenue-constrained optimal
tariff, optimum-welfare tariff, and maximum-revenue tariff
under linear mixed oligopoly is explored. The cases of
Cournot competition and Stackelberg public leadership
under constant marginal costs are examined to see whether
the order of firms’ move influences the ranking of revenue-
constrained optimal tariff, optimum-welfare tariff, and
maximum-revenue tariff. The marginal costs for the public
firm and both the domestic and foreign private firms are c0

and c ≡ cdi ≡ c
f
j , respectively. The private firms are more

efficient than the public firm, namely, c < c0.

3.1. Case: Cournot Competition. In the 2nd stage, the (m +
n) private firms maximize their profits and the public
firm maximizes social welfare then; from the first-order
conditions, ∂W/∂q0 = 0, ∂πd

i /∂q
d
i = 0, and ∂π

f
j /∂q

f
j = 0,

we have that

q0(t) = a− c0 − n(c0 − c + mt)
1 + m

,

qdi (t) = c0 − c + mt

1 + m
,

q
f
j (t) = c0 − c − t

1 + m
.

(4)

Equation (4) shows that when c0 < [a + cn + m(a −
nt)]/(1 + m + n), q0 is positive. In addition, when t ≥ c0 − c,

q
f
j = 0, the tariff rate is t = c0 − c.

In the 1st stage, the domestic government maximizes
social welfare, revenue-constrained social welfare, or tariff
revenue.

If the domestic government maximizes social welfare, we
obtain
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If the domestic government maximizes revenue-con-
strained social welfare, we have
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(5′)

In (5), the first term is consumer surplus effect; if it is
negative, it means increasing tariff will decrease consumer
surplus. It is first because of (dqs/dt) + n(dqi/dt) = 0 in the
first term, which is due to nq∗i + q∗s = a − cs as well as that
the total output of public firm and domestic private firms is
constant and not affected by m and t, and the second reason
is due to the negative relationship between the tariff and the
quantity imported from foreign firms. These two reasons
make the consumer surplus effect represented by the whole
first term negative. The second and third terms denote the
profit shifting effect. The public firm may continue to produce
until its profit becomes negative (when n = 0, p < 0), and
the impact of tariff on its profit is ambiguous. The third
term is positive simply because tariff raises the marginal cost
of the foreign firms resulting in the profit shifting from the
foreign firms to the domestic private firms. The fourth term
is the revenue effect which could either be positive or negative
depending on the relative magnitude of consumer surplus
effect and the profit shifting effect. Hence, when the fourth
term is negative and the sum of consumer surplus effect
and the profit shifting effect is positive, the optimum-welfare
tariff exceeds the maximum-revenue tariff. Note that when
n = 0, tariff has negative impact on the public firm’s profit
in the second term and the third term is zero, so the profit
shifting to the domestic firms is negative, but the revenue
effect must be positive. In (5′), the revenue effect is smaller
than that in (5) due to the social cost of public fund.

From (5) and (5′), we obtain that

tWC = (c0 − c)(1 + n + mn)
2 + m

,

tRWC = (c0 − c)[n + δ + m(n + δ − 1)]
2(1 + m)δ −m

,

(6)
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where “C” denotes Cournot competition and (the second-
order condition guarantees that 2(1 + m)δ − m > 0). tWC

and tRWC are the optimum-welfare tariff and the revenue-
constrained optimal tariff under Cournot competition,
respectively. Differentiating tRWC with respect to δ, we have

∂tRWC

∂δ
= (1 + m)[m− 2(1 + m)n](c0 − c)

[m− 2(1 + m)δ]2 < 0. (7)

Lemma 1. The revenue-constrained optimal tariff is increasing
with the higher social cost of public fund.

The revenue-constrained optimal tariff is increasing with
the social cost of public fund because the government needs
to raise the tariff rate to collect the planned tariff revenue.
The reasoning for such results comes from two effects: firstly,
the direct effect of the higher social cost reduces the tariff
revenue; secondly, the indirect effect reflects a decrease in the
consumer surplus effect and production substitution from
foreign firm to domestic firms due to profit shifting effect.

Comparing these two tariff rates, we have

tWC − tRWC = (1 + m)[2(1 + m)n−m](1− δ)(c0 − c)
(2 + m)[2(1 + m)δ −m]

.

(8)

We obtain that because n > m/2(1 + m), tWC > tRWC . And
when δ = 1, tWC = tRWC .

Proposition 2. Under Cournot competition, the optimum-
welfare tariff exceeds the revenue-constrained optimal tariff
with the social cost of public fund.

If the government maximizes efficient tariff revenue,
from dR/dt = 0, we obtain

tRC = 1
2

(c0 − c), (9)

where “RC” means maximum revenue under Cournot
competition. Comparing the optimum-welfare tariff and the
maximum-revenue tariff, we have

tWC − tRC = [2(1 + m)n−m](c0 − c)
2(2 + m)

> 0. (10)

Corollary 3. Under Cournot competition, the optimum-
welfare tariff exceeds the maximum-revenue tariff.

Corollary 3 is the special case of Wang et al. [7–9] when
the costs of the domestic private and foreign firms are the
same. The intuition behind Corollary 3 is that with the
domestic private and foreign firm’s competition, when the
domestic government imposes a tariff, the public firm will
further reduce its output when the public firm’s marginal
cost exceeds both domestic and foreign private firm’s costs
and then due to that, the profit shifting effect is less than the
consumer surplus loss, so the domestic government imposes
a higher optimum-welfare tariff, compared to the maximum-
revenue tariff. This result modifies and strengthens the result
obtained in Collie [3]; the optimum-welfare tariff exceeds the

maximum-revenue tariff if the domestic and foreign firms’
marginal costs are equal.

Next, we compare the revenue-constrained optimal tariff
and the maximum-revenue tariff we have;

tRWC − tRC = [2(1 + m)n−m](c0 − c)
2[2(1 + m)δ −m]

> 0. (11)

Hence, from Proposition 2 and Corollary 3, we have
tWC > tRWC > tRC .

Proposition 4. Under Cournot competition, the optimum-
welfare tariff is the highest and it is followed by the revenue-
constrained optimal tariff while the maximum-revenue tariff is
the lowest.

In [3, 4], whether the optimal welfare tariff is higher or
lower than maximum revenue tariff under pure oligopoly
depends on asymmetric cost and asymmetric number of
firms. However, Proposition 4 indicates that the tariffs
ranking is unidirectional and depends on the degree of
revenue constraint as it is stated in Lemma 1.

3.2. Case: Stackelberg Public Leadership. In the 3rd stage, the
(n+m) private firms maximize their profits. Therefore, from

the first-order conditions, ∂πd
i /∂q

d
i = 0 and ∂π

f
j /∂q

f
j = 0, we

have that

qdi
(
q0, t

) = a− q0 − c + mt

1 + n + m
,

q
f
j

(
q0, t

) = a− q0 − c − t − nt

1 + n + m
.

(12)

In the 2nd stage, the public firm maximizes the social
welfare; we have that

q∗0 (t) = a− c0 −
[

2n + (m + n)2
]

(c0 − c) + m(1 + 2n)t

1 + 2m
.

(13)

In the 1st stage, the government maximizes social welfare
or the revenue-constrained social welfare; from dW/dt = 0
and dRW/dt = 0, we obtain optimal tariff rates, respectively,

tWP = 1
2

(1 + 2n)(c0 − c),

tRWP = (c0 − c)[n−m + (m + n + 1)δ]
2δ

,

(14)

where “P” denotes public leadership. tWP and tRWP are
the optimum-welfare tariff and revenue-constrained optimal
tariff under Stackelberg public leadership, respectively. Com-
paring these two tariff rates shows

tWP − tRWP = (m− n)(1− δ)(c0 − c)
2δ

. (15)

We obtain that when n < m, tWP > tRWP ; otherwise,
tWP ≤ tRWP . Thus, we have the following proposition.
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Proposition 5. Under Stackelberg public leadership, the opti-
mum-welfare tariff exceeds the revenue-constrained optimal
tariff if the domestic private firms are less than the foreign firms.
Otherwise, the optimum-welfare tariff exceeds the revenue-
constrained optimal tariff.

If the domestic government maximizes efficient tariff
revenue, from dR/dt = 0, we obtain that

tRP = (1 + m + n)(c0 − c)
2

, (16)

where “RP” denotes maximum revenue under Stackelberg
public leadership. Comparing the optimum-welfare tariff
and the maximum-revenue tariff, we have

tWP − tRP = (n−m)(c0 − c)
2

. (17)

We obtain that when n < m, tWP < tRP ; otherwise, tWP ≥
tRP . Thus, we have the following corollary.

Corollary 6. Under Stackelberg public leadership, the
maximum-revenue tariff exceeds the optimum-welfare tariff if
the domestic private firms are less than the foreign firms.

Note that, in [4], if the numbers of domestic firms
and foreign firms are the same, the maximum-revenue
tariff is higher than the optimum-welfare tariff. In [7–9],
however, because of the revenue effect that results from more
foreign firms, the maximum-revenue tariff is higher than
the optimum-welfare tariff if the number of foreign firms
exceeds domestic private firms.

We then compare the revenue-constrained optimal tariff
and the maximum-revenue tariff:

tRP − tRWP = (m− n)(c − c)
2δ

. (18)

We obtain that when n < m, tRP > tRWP ; otherwise, tRP ≤
tRWP . From Proposition 5 and Corollary 6, it is immediate
that when n < m, tRP > tWP > tRWP ; otherwise, tRP ≤ tWP ≤
tRWP . We have the following proposition.

Proposition 7. Under Stackelberg public leadership, the
maximum-revenue tariff is the highest with the optimum-
welfare tariff followed by which the revenue-constrained opti-
mal tariff is the lowest if the domestic private firms are fewer
than the foreign firms.

Note that, under Cournot competition, we have tWC >
tRWC > tRC . However, under Stackelberg public leadership
with more foreign firms than domestic firms, the maximum-
revenue tariff becomes the highest. It is due to the first
mover advantage and production inefficiency of the public
firm, the government needs to reduce the optimum-welfare
tariff to avoid the production distortion and enhance the
consumer surplus. Hence, we have tRP > tWP > tRWP .
If the domestic firms are more than the foreign firms, the
production substitution occurs meaning that more output is
produced by domestic firms; the optimum-welfare tariff will
be higher; we then have tRP ≤ tWP ≤ tRWP .

4. Conclusions

This paper proposed a viewpoint of tariff ranking that differs
from Collie [3], who argued that when the marginal cost
of the domestic firm is higher than that of the foreign
firm under a pure Cournot duopoly market, the maximum-
revenue tariff may be higher than the optimum-welfare tariff.
In this paper, we explore the magnitude of the maximum-
revenue tariff, optimum-welfare tariff, and the revenue-
constrained optimal tariff that is specially designed for the
consideration of the bureaucratic inefficiency. In particular,
we examine the tariff ranking issue under both cases of
Cournot competition and domestic public leadership.

The revenue-constrained optimal tariff increases with
the higher social cost of public fund, and the government
will need to raise the tariff rate to collect the planned tariff
revenue. The reasoning for such results comes from two
effects: firstly, the direct effect of the higher social cost that
reduces the tariff revenue; secondly, the indirect effect reflects
a decrease in the consumer surplus effect and the production
substitution from the foreign firms to the domestic firms due
to profit-shifting effect.

We found that, under Cournot competition, irrelevant
of the firms’ distribution between the domestic and the
foreign firms, the optimum-welfare tariff is the highest
with the revenue-constrained optimal tariff followed by
the maximum-revenue tariff which is the lowest. On the
contrary, under Stackelberg public leadership, if the domestic
private firms are fewer than the foreign firms, the maximum-
revenue tariff becomes the highest with the optimum-welfare
tariff followed by the revenue-constrained optimal tariff
which turns out to be the lowest.
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