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ABSTRACT

� � This paper extends the Brander-Spencer (1985) framework to examine the non-

cooperative Nash equilibrium of export subsidy policy under incomplete information when

the firms’ costs are unknown to the exporting and importing countries. With the assump-

tions of linear demand and two types of a firm’s cost, the non-cooperative Nash equilibrium

is that both exporting countries use a single pooling export subsidy (tax) under a uniform

(discriminatory) tariff regime. Moreover, we find that the importing country would optimally

choose a uniform tariff regime. However, both exporting countries prefer a discriminatory

tariff regime as long as the expected cost differential between the two firms is small enough.
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��� INTRODUCTION

Since the early 1980s, strategic trade theory has been widely investigated to highlight

the impact of governments’ interventions on producer surplus, consumer surplus, and

national welfare. Brander and Spencer (1985) show that under Cournot competition, an

export subsidy enables the domestic firm to be a Stackelberg leader, and thus increases

the domestic welfare at the expense of the foreign firm. This paper has inspired a

growing body of work on the proper use of export subsidies. The literature shows

that the rationale for export subsidiesis sensitive to modeling assumptions.1 de Meza

(1986) considers cost asymmetry between firms and shows that the countries with the

lowest costs provide the highest export subsidies. Allowing a social cost of public

funds that exceeds unity, Neary (1994) similarly finds that non-concavity of demand is

a sufficient condition for the government to provide more subsidies to the more cost-

competitive firm. Bandyopadhyay (1997) finds the conventional result in de Meza

(1986) and Neary (1994) is reversed for inelastic demand.

Those results in the literature imply that governments should have relevant infor-

mation in order to choose appropriate policies. Lacking any relevant information, a

government may choose a policy which is actually harmful to its national welfare.2

Thus, since the early 1990s, a number of economists have started to address this is-

sue by incorporating incomplete information into the strategic trade policy models.

Collie and Hviid (1993) extend the Brander-Spencer framework by considering the

case in which the cost of the domestic firmis known to the domestic government but

unknown to the foreign firm. Qiu (1994) assumes that the cost of the domestic firm

is unknown to both the domestic government and the foreign firm. Collie and Hviid

(1993) and Qiu (1994) both highlight the signaling effect of an export subsidy in the

Brander-Spencer framework.3 When the foreign firm is uncertain about the domestic

1 For example, Eaton and Grossman (1986) argue that if the firms compete in a Bertrand way, the
optimal domestic policy is an export tax. Horstmann and Markusen (1986) consider the case of integrated
markets with free entry and find that an export subsidy is welfare-deteriorating. See, for example, Wong
(1995) and Brander (1995) for recent discussion of the use of some of these strategic policies.

2 See Wong (1991).
3 There are some papers analyzing the signaling effect of tariffs. For example, Collie and Hviid (1994)

show that the domestic government uses a tariff tosignal the domestic demand to a foreign monopolist.
Collie and Hviid (1999) show that the domestic government uses a tariff to signal the cost of its firm in a
model in which a domestic and a foreign firms compete in the domestic market. Kolev and Prusa (1999)
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firm’s cost, the foreign firm makes its output decision based on its prior belief about

the domestic firm’s cost. Under Cournot competition, the domestic firm has an incen-

tive to understate its cost, so a unilateral announcement of its cost is not credible. An

export subsidy is then a strategic instrument used by the domestic government, not

only to shift the profit of the foreign firm, but also to help the domestic firm signal its

cost credibly. Thus, this signaling incentive justifies the use of export subsidies, and

there exists a separating equilibrium in which the domestic government uses a higher

export subsidy to signal the lower cost of the domestic firm as shown in Collie and

Hviid (1993) and Qiu (1994).4

The models of both Collie and Hviid (1993) and Qiu (1994) are built on the as-

sumption of a free trade policy adopted by the importing country. In fact, the importing

country has an incentive to impose tariffs in order to extract rents from foreign sup-

pliers. Gatsios (1990) and Hwang and Mai (1991) show that the optimal policy for

the importing country is to impose a higher tariff on the imports from the more cost-

efficient exporter. If the importing countrycannot observe the firms’ costs, the results

in Gatsios (1990) and Hwang and Mai (1991) imply that each exporting firm has an

incentive to overstate its cost in order to draw a lower tariff on its exports. Such a

countervailing incentive to overstate costs is absent in Collie and Hviid (1993) and

Qiu (1994), and it has not been addressed in the literature. Thus, in this paper we ex-

tend Qiu (1994) to examine the optimal export subsidy policy, but with the following

main differences. First, we assume that the importing country is active in imposing

tariffs in order to maximize its national welfare. Moreover, we consider two alterna-

tive tariff regimes: a uniform tariff regime, as required by the “Most-Favored-Nations”

(MFN) clause of the GATT/WTO, and a discriminatory tariff regime. Under a uniform

tariff regime, the importing country has to impose the same tariff rate on all imports,

without discrimination. Under a discriminatory tariff regime, the importing country is

able to set different tariffs against foreign exporters in different countries.5 Second,

consider a signaling game in a different context. They analyze an optimal tariff in a model in which a
foreign monopolist exports to the domestic market over an infinite number of periods, and the domestic
government is unaware of the cost of the foreign monopolist.

4 In Qiu (1994), the optimal separation-inducing menu requires that a higher export subsidy rate asso-
ciated with a higher lump-sum tax be granted to the low-cost type of firm.

5 Although the MFN clause prohibits discrimination among trading partners with respect to tariffs, the
GATT/WTO rules do provide some permission and exceptions for preferential trading arrangements. For
example, in June 1971, the GATT granted developed countries a waiver from the MFN clause to introduce
a Generalised System of Preferences (GSP), accordingto the so-called “Enabling Clause”. The European
Community, Japan, and the United States have their own GSP schemes, providing tariff preferences to
the imports from certain developing countries.
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we examine the non-cooperative Nash export subsidy equilibrium, in which both ex-

porting countries actively choose their optimal export subsidy policies simultaneously.

Third, we assume that all the exporting and importing countries are uncertain about

the firms’ costs, while each firm knows its rival’s cost. An export subsidy policy is

then used to signal the firm’s cost to the importing country, rather than to the rival firm

as examined in Collie and Hviid (1993) and Qiu (1994). In the present model, it is

expected that the aforementioned countervailing incentive to overstate costs will affect

an exporting country’s strategy to separate or pool the cost type of its firm. On the

one hand, the exporting country would like to screen the cost type of its firm so that

its export subsidy policy is tailor-made for the purpose of profit-shifting. On the other

hand, the exporting country would like to send out a high-cost signal to the importing

country in order to draw a lower tariff. Thus, a separating strategy as shown in Collie

and Hviid (1993) and Qiu (1994) may no longer be optimal, because the benefit of

separation may be mitigated by the possibility of having a high tariff imposed by the

importing country.

We find that the dominant strategy foreach exporting country is to use a single

pooling export subsidy (tax) under a uniform (discriminatory) tariff regime. The non-

cooperative Nash equilibrium is that both use pooling strategies to conceal their firms’

types. Moreover, the importing country prefers a uniform tariff regime because it

induces both exporting countries to use export subsidies. However, both exporting

countries prefer a discriminatory tariff regime as long as the difference between the

expected costs of the two firms is small enough.

The remainder of the paper is organized as follows: Section 2 provides the as-

sumptions of the model and the features ofthe game. The non-cooperative Nash equi-

libria under discriminatory and uniform tariff regimes are analyzed in sections 3 and

4, respectively. Section 5 compares the two tariff regimes in terms of the welfare of

each country. Section 6 provides a briefsummary and some concluding remarks.

��� THE MODEL AND ASSUMPTIONS

We consider a one-product, two-firm, three-country model. Two of the countries,

which are labeled 1 and 2, have a firm producing a homogeneous product to be ex-

ported to the third country,M . There is no other producer of this product in coun-

try M and there is no consumption of this product in countries 1 and 2. To keep
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the model tractable, we assume that the demand in countryM is linear, given by

p = a − b(q1 + q2), wherea > 0, b > 0, p is the market price, andqi is the out-

put of firm i, i = 1, 2. Firm i has a constant marginal cost,ci, and a fixed cost,fi.

Fixed costfi is set to zero because it will not affect the equilibrium of the game. For

simplicity, each firm is assumed to be one of two types, high cost,cHi , or low cost,cLi .

The uncertainty of the cost realization can be interpreted as the demand shock, or in-

put shock, for instance. The cost realizations are assumed to be privately known by the

firms, and each firm knows its rival’s cost. All the governments are uninformed about

the firms’ true costs. This assumption is reasonable because firms in the same industry

usually have more information about their competitors’ costs than do the governments.

It is common knowledge that Prob(c1 = cH1 ) = µ and Prob(c2 = cH2 ) = ρ, where

0≤ µ ≤ 1 and 0≤ ρ ≤ 1. µ andρ could be the same when the two firms are affected

by the same demand shock, or when they use a common input.

We consider the following three-stage, one-shot non-cooperative game. In the

first stage, countryM announces its tariff regime, either discriminatory or uniform.

In the second stage, countryi designs its export subsidy policy, either an incentive-

compatible policy or a single pooling policy.Under an incentive-compatible policy,

countryi provides two different export subsidy rates associated with lump-sum trans-

fers for firm i to choose, and such an incentive-compatible policy will induce firmi

to tell its type truthfully. Firmi picks up the rate corresponding to its type, and at the

same time reveals its type. Under a single pooling policy, countryi provides one ex-

port subsidy rate for firmi, regardless of its type. Such apooling policy thus provides

no specific information about firmi’s type. In the third stage, after observing the pol-

icy provided by countryi (and the selection of firmi if an incentive-compatible policy

is provided), countryM updates its belief about firmi’s type and imposes tariffs ac-

cording to the tariff regime it announced in the first stage. If an incentive-compatible

policy is used by countryi in the second stage, countryM sets tariffs based on the

cost type revealed by firmi. If a single pooling policy is adopted by countryi in the

second stage, countryM sets tariffs based on its prior belief about the cost of firm

i, i.e., the expected value of firmi’s marginal cost,E(c1) = µcH1 + (1− µ)cL1 and

E(c2) = ρc
H
2 + (1− ρ)cL2 , respectively. All government announcements are credible

and cannot be reversed. Then the two firms compete in quantities in the market of

countryM , and the welfare of each country is realized.

To make our analysis interesting, we assume that the market in countryM is big

enough so that both firms produce a positive output under all policy parameters chosen
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by the governments. Note that the order of the moves played by the governments is

exogenously given.6 CountryM is assumed to choose the tariff regime before, but the

actual tariff rates after, the exporting countries’ export subsidy policies. This reflects

the fact that while it is easy for countryM to set its tariff rates, the tariff regime, which

represents the country’s international commitment or its position in an international

setting, e.g., whether it has to follow the MFN clause, cannot be changed so easily.

Moreover, such an assumption is reasonable and compatible under incomplete infor-

mation. First, the firms’ costs are revealed reliably to countryM through the export

subsidy policies. Without the export subsidy policies, it is expected that no firm will

truthfully announce its private information. Second, the present model captures the

signaling effect of the export subsidy policy to countryM , rather than to the rival firm

as examined in Collie and Hviid (1993) and Qiu (1994).

In what follows, we analyze the two tariff regimes separately. The game is solved

by backward induction. Given the export subsidies and tariffs chosen in the previous

stages, the equilibrium in the market stage can be easily derived because there is no

asymmetric information between firms. It is also straightforward to derive the equilib-

rium tariffs in the third stage.7 In the second stage, countries 1 and 2 set their policies

simultaneously. When taking the other’s as given, if it is better to signal the firm’s true

type to countryM , countryi would design an incentive-compatible policy for firmi to

truthfully reveal its type (we refer to the separating strategy). If it is better to conceal

firm i’s true type, countryiwould provide a single pooling rate (we refer to the pooling

strategy). Each exporting country has two strategies, separating(S) or pooling(P ) to

choose between. We first derive the four possible outcomes and then determine the

non-cooperative Nash equilibrium in the second stage.

6 The issue on the order of the moves may be analyzed by endogenizing the timing of countries’ policy
decisions. However, this is beyond the scope of this paper. See Collie (1994), Wong and Chow (1997),
Hayashibara (2002) for endogenous timing in tradepolicy games, though all three papers consider a
two-country model, with one exporting and one importing country.

7 See Choi (1995) for the equilibrium output and tariffs in a linear demand example on page 153,
although there is no export subsidy in his model.
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��� THE EQUILIBRIUM UNDER DISCRIMINATORY

TARIFF REGIME

���� The separating strategy

We first derive the optimal incentive-compatible policy for country 1 when it plays the

separating strategy.

Case A: Country 2 plays the separating strategy as well –(S, S).

Countries 1 and 2 use the incentive-compatible policies[(sH1 , τ
H
1 ), (s

L
1 , τ

L
1 )] and

[(sH2 , τ
H
2 ), (s

L
2 , τ

L
2 )], respectively, to screen the types of their firms in the second

stage.(sHi , τ
H
i ) and(sLi , τ

L
i ) are intended to provide for the high-cost and low-cost

firm i, respectively, wheresi is a specific export subsidy rate andτi is a lump-sum

transfer, andi = 1, 2. Since the costs of the firms are private information, we first

have to derive the incentive compatibility (IC) constraints for[(sHi , τ
H
i ), (s

L
i , τ

L
i )] so

that it can induce firmi to tell its type truthfully. Denote the true types of firms 1

and 2 asm andn, respectively,m,n = H,L. Denoteπmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )] as the

profit of firm 1 when both firms truthfully choose the policies corresponding to their

types. Denoteπmn1 [(s
k
1, τ

k
1 ), (s

n
2 , τ

n
2 )] as the profit of firm 1 when it chooses the policy

(sk1, τ
k
1 ), which is inconsistent with its typem, andm �= k. Denote∆c1 = cH1 − cL1

and∆c2 = cH2 − cL2 . The IC constraints require thatπmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )] ≥

πmn1 [(s
k
1, τ

k
1 ), (s

n
2 , τ

n
2 )], and we show in Appendix A that the IC constraints aresL1 −

sH1 ≥ 7∆c1/9 andτL1 ≥ τH1 . Similarly, the IC constraints for firm 2 aresL2 − sH2 ≥
7∆c2/9 andτL2 ≥ τH2 .8

Now the maximization problem of countryi is

max
(sHi ,τ

H
i ), (s

L
i ,τ

L
i )
E(Wi)

s.t. (1) sLi − sHi ≥ 7∆ci/9, i = 1, 2,

(2) τLi ≥ τHi

8 Countryi has to make sure that its incentive-compatible policy still works even if firmj tells a lie.
It can be shown that the IC constraints are also the same. The proof is available from the author upon
request.
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whereE(Wi) is the expected welfare of countryi, which is the expected value of firm

i’s profit less any net subsidy payments. Solving the maximization problem, we find

that the IC constraints are binding, i.e.,sLi − sHi = 7∆ci/9 andτLi = τ
H
i .9 Since

the values ofτHi andτLi do not affect countryi’s welfare, we can normalize them by

settingτLi = τ
H
i = 0. Forming the Lagrangian, countryi’s problem then becomes:

maxsHi ,sLi E(Wi) + λ[s
L
i − sHi − 7∆ci/9].

The first-order conditions for countries 1 and 2 are given by:




− µ
32b

[
2a+ E(c2)− 3cH1 + 15sH1 − ρsH2 − (1− ρ)sL2

]
− λ = 0

− (1− µ)
32b

[
2a+E(c2)− 3cL1 + 15sL1 − ρsH2 − (1− ρ)sL2

]
+ λ = 0.

sL1 − sH1 −
7
9
∆c1 = 0

(1)




− ρ
32b

[
2a+ E(c1)− 3cH2 + 15sH2 − µsH1 − (1− u)sL1

]
− λ = 0

− (1− ρ)
32b

[
2a+ E(c1)− 3cL2 + 15sL2 − µsH1 − (1− µ)sL1

]
+ λ = 0.

sL2 − sH2 −
7
9
∆c2 = 0

(2)

Solving (1) and (2) simultaneously, we can get the following solutions:

sH1 = −
1
56

[
8a+ 3E(c2)− 11E(c1)

]
− 7

9
(1− µ)∆c1, (3a)

sL1 = −
1
56

[
8a+ 3E(c2)− 11E(c1)

]
+

7
9
µ∆c1, (3b)

sH2 = −
1
56

[
8a+ 3E(c1)− 11E(c2)

]
− 7

9
(1− ρ)∆c2, (3c)

sL2 = −
1
56

[
8a+ 3E(c1)− 11E(c2)

]
+

7
9
ρ∆c2. (3d)

Equations (3) show thatsHi < s
L
i < 0, implying that countryi has to impose a higher

export tax on the high-cost type of its firm. However, under full information, it can

be shown that countryi would impose a lower export tax on the high-cost type of its

firm. As we mentioned before, when the firms’ costs are not observed by countryM ,

the low-cost type has an incentive to claim to be the high-cost type so that the tariff

9 When the IC constraints are binding, the firms are actually indifferent to claiming either type. In this
case, we assume that the firms will choose to claim their true types.
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imposed would be lower. If countryi imposed a lower export tax on the high-cost type

as if there were full information, both types would choosesHi , and countryi would

never separate the type of firmi. Thus, countryi has to provide an incentive for the

low-cost type to tell the truth. That is, it has to impose a lower export tax on the

low-cost type and a higher export tax on the high-cost type.

Case B: Country 2 plays the pooling strategy –(S, P ).

In this case, country 1 uses the incentive-compatible policy[(sH1 , τ
H
1 ), (s

L
1 , τ

L
1 )] to

screen the type of firm 1, while country 2 provides a single pooling export subsidy

rate s2 for firm 2. Firm 1’s cost is revealed through its policy choice, while firm

2’s cost stays unknown to countryM . Denoteπmn1 [(s
m
1 , τ

m
1 ), s2] as firm 1’s profit

when it truthfully chooses the policy(sm1 , τ
m
1 ). Denoteπmn1 [(s

k
1, τ

k
1 ), s2] as firm 1’s

profit when it chooses the policy(sk1, τ
k
1 ), which is inconsistent with its typem,m �=

k. It is shown in Appendix B that the IC constraints to makeπm1 [(s
m
1 , τ

m
1 ), s2] ≥

πm1 [(s
k
1, τ

k
1 ), s2] aresL1 − sH1 ≥ 7∆c1/9 andτL1 ≥ τH1 . Solving the maximization

problem for country 1 subject to the IC constraints, we find that the IC constraints are

binding, i.e.,sL1 − sH1 = 7∆c1/9 andτL1 = τ
H
1 . Again, we can setτL1 = τ

H
1 = 0 for

simplicity, without affecting the welfare of country 1. Solving the first-order conditions

for maximization of countries 1 and 2 simultaneously, we get

sH1 = −
1
56

[
8a+ 3E(c2)− 11E(c1)

]
− 7

9
(1− µ)∆c1, (4a)

sL1 = −
1
56

[
8a+ 3E(c2)− 11E(c1)

]
+

7
9
µ∆c1, (4b)

s2 = − 1
56

[
8a+ 3E(c1)− 11E(c2)

]
. (4c)

Comparing (3a), (3b) and (4a), (4b), we find that country 1’s separating strategy,

[(sH1 , 0), (s
L
1 , 0)], is the same regardless of country 2’s strategy.

���� The pooling strategy

We now derive the optimal single pooling rates1 for country 1 when it plays the

pooling strategy.

Case C: Country 2 plays the separating strategy –(P, S).

This case is just symmetric to Case B in which country 1 plays separating while coun-
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try 2 plays pooling. Thus, from equations (4), we know that

s1 = − 1
56

[
8a+ 3E(c2)− 11E(c1)

]
,

sH2 = −
1
56

[
8a+ 3E(c1)− 11E(c2)

]
− 7

9
(1− ρ)∆c2,

sL2 = −
1
56

[
8a+ 3E(c1)− 11E(c2)

]
+

7
9
ρ∆c2.

Case D: Country 2 plays the pooling strategy as well –(P, P ).

Countries 1 and 2 provides1 ands2 for firms 1 and 2, respectively, regardless of their

types. Solving the maximization problems of countries 1 and 2 simultaneously, we find

thats1 = −[8a + 3E(c2) − 11E(c1)]/56 ands2 = −[8a + 3E(c1) − 11E(c2)]/56.

Thus, the single pooling export tax rates1 is the same regardless of the policy strategy

of country 2.

The analysis above is symmetric to country 2. Thus we have the following lemma:

Lemma 1� Under a discriminatory tariff regime, each exporting country imposes an

export tax on its firm. No matter what strategy countryj uses, the optimal incentive-

compatible policy for countryi is alwayssHi = −[8a + 3E(cj) − 11E(ci)]/56−
7(1− θi)∆ci/9 andsLi = −[8a+ 3E(cj)− 11E(ci)]/56+ 7θi∆ci/9, whereθi is the

probability that firmi is the high-cost type and∆ci = cHi −cLi , i, j = 1,2. The optimal

pooling rate for countryi is alwayssi = −[8a+ 3E(cj)− 11E(ci)]/56, i, j = 1, 2.

The intuition of Lemma 1 is the following. Countries 1 and 2 are unaware of the

firms’ costs, and they determine their policies simultaneously. No matter what policy

countryj uses, it does not change the information set that countryi has when country

i is choosing its policy. That is, countryi always chooses its policy based on its prior

belief thatc1 = E(c1) andc2 = E(c2). Thus, regardless of countryj’s strategy, the

incentive-compatible policy or the pooling policy that countryi chooses is always the

same.

We now have[(sHi , 0), (s
L
i , 0)] andsi, so we are able to derive the payoffs of

countryi in each case. Table 1 is the 2× 2 matrix summarizing the expected welfare

of countries 1 and 2 in each case under a discriminatory tariff regime. The payoffs

can be ranked asE(WDi )|(P,P ) > E(WDi )|(P,S) > E(WDi )|(S,S) andE(WDi )|(P,P ) >
E(WDi )|(S,P ) > E(WDi )|(S,S), where superscriptD stands for the discriminatory tar-
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Table 1� Export Subsidy Policy Game under Discriminatory Tariff Regime

Country 2

Separating Pooling

Country 1

Separating

(
15

12544b
A− 2

27b
C +

4
81b
D,

15
12544b

B +
4

81b
C − 2

27b
D

)
(

15
12544b

A− 2
27b
C +

1
9b
D,

15
12544b

B +
4

81b
C +

4
9b
D

)

Pooling

(
15

12544b
A+

4
9b
C +

4
81b
D,

15
12544b

B +
1
9b
C − 2

27b
D

)
(

15
12544b

A+
4
9b
C +

1
9b
D,

15
12544b

B +
1
9b
C +

4
9b
D

)∗

whereA =
[
8a+ 3E(c2)− 11E(c1)

]2
, B =

[
8a+ 3E(c1)− 11E(c2)

]2
,

C = µ(1− µ)(cH1 − cL1 )2, D = ρ(1− ρ)(cH2 − cL2 )2.
*: Nash Equilibrium.

iff regime. It is easy to find that the dominant strategy for countryi is pooling, so

(P,P ) is the Nash equilibrium under a discriminatory tariff regime.

Proposition 1� In the sequential game with linear demand and incomplete informa-

tion about the firms’ costs, the non-cooperative Nash equilibrium under a discrimina-

tory tariff regime is that each exporting country imposes a single pooling export tax on

its firm.

Proposition 1 is different from the results in Collie and Hviid (1993) and Qiu

(1994), showing the signaling effect of an export subsidy in the absence of tariffs. Un-

der discriminatory tariffs, we find that each exporting country is better off concealing

the type of its firm by providing a pooling export tax rate. Although the exporting

country still has an incentive to screen thetype of its firm in order to choose appropri-

ate export tax rates for different types, the incentive-compatible policy, which requires

that it impose a higher (lower) export tax onthe high (low)-cost type, is actually con-

trary to what it would do under full information. Thus, pooling is the dominant strategy

for each exporting country even though its firm may be the high-cost type.
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��� THE EQUILIBRIUM UNDER UNIFORM TARIFF

REGIME

We now examine the Nash equilibrium when countryM announces adoption of a

uniform tariff regime in the first stage. The analysis here is similar to that in section 3,

except that countryM has to set a uniform tariff rather than two different ones.

���� The separating strategy

We first derive the optimal incentive-compatible policy[(sH1 , τ
H
1 ), (s

L
1 , τ

L
1 )] for coun-

try 1 when it plays the separating strategy.

Case A: Country 2 plays the separating strategy as well –(S, S).

Using the same techniques as in section 3, we are able to derive the IC constraints:

sLi − sHi ≥ ∆ci/15 andτLi ≥ τHi , i = 1, 2.10 The maximization problem of country

i is

max
(sHi ,τ

H
i ), (s

L
i ,τ

L
i )
E(Wi)

s.t. (1) sLi − sHi ≥ ∆ci/15, i = 1, 2.

(2) τLi ≥ τHi

Solving the maximization problem, we findthat the IC constraints are not binding,

i.e.,sLi − sHi > ∆ci/15 andτLi > τ
H
i , i = 1, 2. Solving the first-order conditions for

maximization of countries 1 and 2 simultaneously yields

sm1 =
1
18

[
2a+ 5E(c2)− E(c1)− 6cm1

]
, m = H,L, (5a)

sn2 =
1
18

[
2a+ 5E(c1)− E(c2)− 6cn2

]
, n = H,L. (5b)

Since the values ofτH1 andτL1 do not affect the welfare of country 1, we setτH1 = 0, for

simplicity. τL1 can be set to satisfyπmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )] ≥ πmn1 [(s

k
1, τ

k
1 ), (s

n
2 , τ

n
2 )].

10 The deviation for the IC constraints is available from the author upon request.
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Thus, we can get

1
108b

(∆c1)
[
10a+ 7E(c2)− 5E(c1) + 18cn2 − 3cH1 − 27cL1

]

≥ τL1 ≥
1

108b
(∆c1)

[
10a+ 7E(c2)− 5E(c1) + 18cn2 − 27cH1 − 3cL1

]
. (6)

[(sH1 , 0), (s
L
1 , τ

L
1 )] defined in (5a) and (6) will induce firm 1 to tell its type truthfully,

andsL1 > s
H
1 > 0, τL1 > τ

H
1 = 0. That is, country 1 has to offer a higher export

subsidy on the low-cost type, and at thesame time impose a higher lump-sum tax on

it. Since the low-cost type tends to lie in order to avoid a higher tariff, a higher export

subsidy prevents it from lying. On the other hand, the high-cost type tends to lie in

order to get a higher export subsidy, so a higher lump-sum tax imposed on the low-cost

type prevents the former from lying.

Case B: Country 2 plays the pooling strategy –(S, P ).

In this case, the IC constraints for[(sH1 , τ
H
1 ), (s

L
1 , τ

L
1 )], which again can be shown to

besL1 −sH1 ≥ ∆c1/15 andτL1 ≥ τH1 . Solving the maximization problems of countries

1 and 2 simultaneously, we get

sm1 =
1
18

[
2a+ 5E(c2)− E(c1)− 6cm1

]
, m = H,L, (7a)

s2 =
1
18

[
2a+ 5E(c1)− 7E(c2)

]
. (7b)

Again, the IC constraints are notbinding. For simplicity, we setτH1 = 0, andτL1 can

be set to satisfyπmn1 [(s
m
1 , τ

m
1 ), s2] ≥ πmn1 [(s

k
1, τ

k
1 ), s2]. Thus, we can get

1
108b

(∆c1)
[
10a+ 13E(c2)− 5E(c1) + 12cn2 − 3cH1 − 27cL1

]

≥ τL1 ≥
1

108b
(∆c1)

[
10a+ 13E(c2)− 5E(c1) + 12cn2 − 27cH1 − 3cL1

]
. (8)

Comparing (5a) with (7a), we find that(sH1 , s
L
1 ) is the same no matter what strategy

country 2 is playing. However, comparing conditions (6) and (8), we find that the range

for τL1 is different because the profit of firm 1 varies with country 2’s strategy andcn2 .

In conditions (6) and (8), the lower bound ofτL1 is the one to extract all the informa-
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tion rent from the high-cost type of firm 1, so that it is indifferent to claiming either

type. Although country 1 knows neither country 2’s strategy norcn2 when it chooses

[(sH1 , 0), (s
L
1 , τ

L
1 )], τ

L
1 can be announced at a level which equals the information rent

of the high-cost type. We assume that such an announcement is credible and cannot be

reversed, soτL1 can be calculated and collected at the end of the game when everything

turns into full information.

���� The pooling strategy

We now derive the pooling rates1 for country 1 when it plays the pooling strategy.

Case C: Country 2 plays the separating strategy –(P, S).

This case is symmetric to Case B. Thus, from equations (7), we know thats1 = [2a+

5E(c2)− 7E(c1)]/18 andsn2 = [2a+ 5E(c1)− E(c2)− 6cn2 ]/18,n = H,L.

Case D: Country 2 plays the pooling strategy as well –(P, P ).

Solving the maximization problems of countries 1 and 2 simultaneously, we can get

s1 = [2a+ 5E(c2)− 7E(c1)]/18 ands2 = [2a+ 5E(c1)− 7E(c2)]/18.

The analysis above is symmetric to country 2. Thus we have the following lemma:

Lemma 2� Under a uniform tariff regime, eachexporting country provides an export

subsidy on its firm. No matter what strategy countryj uses, the optimal incentive-

compatible policy for countryi is alwayssmi = [2a + 5E(cj) − E(ci) − 6cmi ]/18,

m = H,L and i, j = 1,2. The optimal pooling rate for countryi is alwayssi =

[2a+ 5E(cj)− 7E(ci)]/18, i, j = 1, 2.

Table 2 is the 2× 2 matrix summarizing the expected welfare of countries 1

and 2 in each case under a uniform tariff regime. The payoffs can be ranked as

E(WU1 )|(P,S) > E(WU1 )|(P,P ) > E(WU1 )|(S,P ) andE(WU1 )|(P,S) > E(WU1 )|(S,S) >
E(WU1 )|(S,P ), where superscriptU stands for the uniform tariff regime. The analysis

is symmetric to country 2. It is easy to find that the dominant strategy for countryi is

pooling, so(P, P ) is the Nash equilibrium under a uniform tariff regime. However, we

can find that(S, S) is the jointly optimal outcome for countries 1 and 2.
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Table 2� Export Subsidy Policy Game under Uniform Tariff Regime

Country 2

Separating Pooling

Country 1

Separating

(
5

432b
A′ +

5
12b
C +

1
4b
D,

5
432b

B′ +
1
4b
C +

5
12b
D

)
(

5
432b

A′ +
5

12b
C +

1
9b
D,

5
432b

B′ +
1
4b
C +

4
9b
D

)

Pooling

(
5

432b
A′ +

4
9b
C +

1
4b
D,

5
432b

B′ +
1
9b
C +

5
12b
D

)
(

5
432b

A′ +
4
9b
C +

1
9b
D,

5
432b

B′ +
1
9b
C +

4
9b
D

)∗∗

whereA′ =
[
2a+ 5E(c2)− 7E(c1)

]2
, B′ =

[
2a+ 5E(c1)− 7E(c2)

]2
,

C = µ(1− µ)(cH1 − cL1 )2, D = ρ(1− ρ)(cH2 − cL2 )2.
**: Nash Equilibrium.

Proposition 2� In the sequential game with linear demand and incomplete informa-

tion about the firms’ costs, the non-cooperative Nash equilibrium under a uniform tar-

iff regime is that each exporting country provides a pooling export subsidy. However,

the joint welfare of the exporting countries would rise if both provide the incentive-

compatible policies to separate the types of their firms.

To see why a prisoner’s dilemma problem implied by Proposition 2 arises, let

us compare the cases of(S, S) and(P, P ). In these two cases, the total outputs pro-

duced by the two firms are the same, so the market price as well. Under(S, S), the

low (high)-cost type gets more (less) subsidy, and the low (high)-cost type produces

more (less) than that under(P, P ). Thus, the expected total production costs are lower

under(S, S) than(P, P ), because separation makes production more efficient. How-

ever, under(S, S), each firm’s type is revealed to countryM , so the expected total

tariff payments by countries 1 and 2 are higher than that under(P,P ). The cost

saving from production efficiency outweighs the loss in the tariff payments, so the

joint welfare of countries 1 and 2 is higher under(S, S) than(P, P ). Since countries

1 and 2 determine their policies simultaneously andE(WU1 )|(P,S) > E(WU1 )|(S,S),
E(WU2 )|(S,P ) > E(WU2 )|(S,S), each country has an incentive to deviate by using a sin-

gle pooling policy to get higher welfare. Aprisoner’s dilemma problem is inevitable

unless they are able to reach an agreement to collude. Otherwise, the non-cooperative

Nash equilibrium is sustained, and each country provides a single pooling export sub-

sidy to its firm.
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��� Welfare Considerations

Based on the results we got in sections 3 and 4, we are able to determine the optimal

tariff regime for countryM in the first stage. If countryM announces adoption of a

discriminatory tariff regime in the first stage, the Nash equilibrium is(P, P ), CaseD

in section 3. Thus, we can get the expected welfare of countryM in this case:

E(WDM )
∣∣∣
(P,P )
=

9
196b

[
2a−E(c1)−E(c2)

]2
+

9
128b

[
E(c1)−E(c2)

]2

+
1

18b

[
µ(1− µ)(∆c1)2+ ρ(1− ρ)(∆c2)2

]
,

where superscriptD stands for the discriminatory tariff regime. If, on the other hand,

countryM announces a uniform tariff regime in the first stage, the Nash equilibrium

is (P, P ), CaseD in section 4. The expected welfare of countryM in this case is

E(WUM )
∣∣∣
(P,P )
=

25
324b

[
2a− E(c1)− E(c2)

]2

+
1

18b

[
µ(1− µ)(∆c1)2+ ρ(1− ρ)(∆c2)2

]
,

where superscriptU stands for the uniform tariffregime. Using the condition 2a −
E(c1) − E(c2) > 6|E(c1) − E(c2)|11 yieldsE(WUM )|(P,P ) > E(WDM )|(P,P ). Thus,

the expected welfare of countryM is higher under a uniform tariff regime, implying

that it would optimally choose a uniform tariff regime in the first stage.

Now we consider the welfare effect of these two tariff regimes on countries 1 and

2. Suppose thatE(ci) ≥ E(cj). We find thatE(WDi )|(P,P ) > E(WUi )|(P,P ) always

holds. Therefore, if the firms have the same expected cost, both exporting countries

prefer a discriminatory tariff regime. If the firms have different expected costs, the

country with a higher expected cost always prefers a discriminatory tariff regime. The

country with a lower expected cost would prefer a discriminatory tariff regime as well

11 We assume that both firms produce a positive output under all policy parameters, so 8a + 3E(ci)−
11E(cj) > 0 under a discriminatory tariff regime, and 2a+5E(ci)−7E(cj) > 0 under a uniform tariff
regime,i, j = 1, 2. Thus, we have the condition 2a− E(c1)− E(c2) > 6|E(c1)−E(c2)|.
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if and only if the expected cost differential,
∣∣∣E(c1)−E(c2)∣∣∣, is small enough. We have

the following proposition:

Proposition 3� In the sequential game with linear demand and incomplete informa-

tion about the firms’ costs, the importing country will optimally choose a uniform tariff

regime. However, both exporting countries prefer a discriminatory tariff regime if and

only if
∣∣∣E(c1) − E(c2)∣∣∣ < 16{a − max[E(c1), E(c2)]}/97. Otherwise, the country

with a higher expected cost prefers a discriminatory tariff regime while the one with a

lower expected cost prefers a uniform tariff regime.

Proof.� See Appendix C.

Gatsios (1990) and Hwang and Mai (1991) show that the importing country is better

off under a discriminatory tariff regime, unless the two firms are equally cost-efficient.

However, in the present model with incomplete information, regardless of the cost

competitiveness of the firms, Proposition 3 shows that the importing country optimally

prefers a uniform tariff regime in the beginning of the game. The intuition is that a

uniform tariff regime makes the exportingcountries subsequently use export subsidies

rather than export taxes, and the importingcountry thus benefits with a lower market

price, greater consumer surplus, and higher tariff revenue.12

Moreover, Gatsios (1990) and Hwang and Mai (1991) show that the more cost-

efficient exporting country prefers a uniform tariff regime while the less cost-efficient

exporting country prefers a discriminatory tariff regime. With identical costs, the two

exporting countries are indifferent to either tariff regime. However, in the present

model, as long as the expected cost differential is small enough, both exporting coun-

tries prefer a discriminatory tariff regime, even though the country with a lower ex-

pected cost would be discriminated against with a higher tariff imposed. An intu-

itive explanation can be provided by Brander and Spencer (1985) and Hwang and Mai

(1991). Brander and Spencer (1985) show that an export tax is jointly optimal for

both exporting countries, because the non-cooperative game leads to too much export

subsidy provided, which in turn intensifies the competition between the firms. As we

showed in Proposition 1, even though the two exporting countries play the game non-

cooperatively, they impose export taxes under a discriminatory tariff regime. Such an

equilibrium outcome is jointly better than that under a uniform tariff regime. Further-

12 The result here is analogous to Choi (1995), showing that the importing country prefers a uniform
tariff regime because it would induce the firms to choose a lower marginal cost technology. The importing
country thus benefits with a lower market price and greater quantities.
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more, Hwang and Mai (1991)’s 50 percent rule states that the difference between the

discriminatory tariffs is half of the cost difference between the firms. Thus, as long

as
∣∣∣E(c1) − E(c2)∣∣∣ is small enough, the tariff differential is even smaller so that the

tariff disadvantage of the country with a lower expected cost would be outweighed by

the benefit in the mitigation of the market competition due to the export taxes adopted

by the exporting countries. Therefore, the country with a lower expected cost would

prefer a discriminatory tariff regime as well.

��� CONCLUDING REMARKS

This paper examines the non-cooperative Nash export subsidy equilibrium under in-

complete information when the firms’ costs are known only to themselves but not to

their governments and the importing country. We find that with linear demand and

two types of a firm’s cost, the dominant strategy for each exporting country is pool-

ing. The non-cooperative Nash equilibrium is that both countries use a single pooling

export subsidy (tax) under over a uniform (discriminatory) tariff regime. Despite the

fact that, under a uniform tariff regime, the joint expected welfare of the exporting

countries is higher when both use separatingstrategies, a prisoner’s dilemma problem

is inevitable unless they reach an agreement to collude.

We also compare the two tariff regimes in terms of the welfare of each country.

We find that the importing country would optimally choose a uniform tariff regime.

This result is contrary to the general beliefthat a discriminatory tariff regime should

dominate over a uniform tariff regime because under the former the country can also

choose the same tariffs. We suggest that this preconception does not hold in the present

model because the exporting countries reactwith export subsidies under a uniform tar-

iff regime but with export taxes under a discriminatory tariff regime. Moreover, it

is generally believed that the more cost-efficient firm prefers a uniform tariff regime

because the tariff imposed would be lower. However, we show that both exporting

countries would prefer a discriminatory tariff regime as long as the expected cost dif-

ferential is small enough. This is because,under a uniform tariff regime, both countries

provide too much export subsidy, which in turn intensifies the competition between the

firms. A discriminatory tariff regime makes them impose export taxes instead, leading

to a higher product price and greater profits.
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The analysis of this paper relies on the assumption that the order of the moves

played by the three countries is exogenously given. Our primary purpose is to examine

the strategic incentives of the exporting countries to use the export subsidy or tax

policies to signal their firms’ costs to the importing country, so the exporting countries

simultaneously choose export subsidy policies before the importing country sets tariffs.

Moreover, we focus on the non-cooperativeNash equilibrium of the export subsidy

policies, so the sequential move of the exporting countries is not considered. The

analysis on endogenizing the timing of allthree countries’ policy decisions may be

left for future research.
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Appendix A	 Derivation of IC Constraints in (S, S) Case with

Discriminatory Tariffs

First, we have to deriveπmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )]. Given(sm1 , τ

m
1 ) and(sn2 , τ

n
2 ), coun-

try M updates its posterior belief thatc1 = cm1 and c2 = cn2 . CountryM then

chooses discriminatory tariffs(tm1 , t
n
2) as if there were full information. Now we

solve the game by backward induction. In the market stage, the optimal quantities

areqm1 = (a + c
n
2 − 2cm1 + 2sm1 − sn2 + tn2 − 2tm1 )/(3b) andqn2 = (a + c

m
1 − 2cn2 +

2sn2 − sm1 + tm1 −2tn2)/(3b). In the third stage, countryM chooses tariffs to maximize

its welfare. The welfare of countryM is defined as the sum of consumer surplus and

tariff revenue, i.e.,WM = b(qm1 + q
n
2 )

2/2+ tm1 q
m
1 + t

n
2q
n
2 . Thus, countryM optimally

setstm1 = (2a+ c
n
2 − 3cm1 + 3sm1 − sn2)/8 andtn2 = (2a+ c

m
1 − 3cn2 + 3sn2 − sm1 )/8.

Substitutingtm1 and tn2 back intoqm1 and qn2 , we are able to derive firm 1’s profit

πmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )] = (2a+ c

n
2 − 3cm1 + 3sm1 − sn2)2/(64b)− τm1 .

Second, we have to deriveπmn1 [(s
k
1, τ

k
1 ), (s

n
2 , τ

n
2 )]. Given(sk1, τ

k
1 ) and(sn2 , τ

n
2 ),

countryM updates its posterior belief thatc1 = ck1 andc2 = cn2 , and chooses tariffs

(tk1, t
n
2). Now we solve the game by backward induction. In the market stage, the

optimal quantities areqm1 = (a + c
n
2 − 2cm1 + 2sk1 − sn2 + tn2 − 2tk1)/(3b) andqn2 =

(a+cm1 −2cn2+2sn2−sk1+tk1−2tn2)/(3b). In the third stage, countryM optimally sets

tk1 = (2a+ c
n
2 −3ck1+3sk1− sn2)/8 andtn2 = (2a+ c

k
1−3cn2 +3sn2 − sk1)/8. Thus, we

can getπmn1 [(s
k
1, τ

k
1 ), (s

n
2 , τ

n
2 )] = (6a+3cn2−16cm1 +7ck1+9sk1−3sn2)

2/(576b)−τk1 .

The IC constraints require thatπmn1 [(s
m
1 , τ

m
1 ), (s

n
2 , τ

n
2 )] ≥ πmn1 [(s

k
1, τ

k
1 ), (s

n
2 , τ

n
2 )].

When firm 1’s true cost iscH1 , we have(2a+ cn2 − 3cH1 + 3sH1 − sn2)2/(64b)− τH1 ≥
(6a+ 3cn2 − 16cH1 + 7cL1 + 9sL1 − 3sn2)

2/(576b)− τL1 . When firm 1’s true cost iscL1 ,

we have(2a+cn2 −3cL1 +3sL1 −sn2)2/(64b)−τL1 ≥ (6a+3cn2 −16cL1 +7cH1 +9sH1 −
3sn2)

2/(576b)− τH1 . Therefore,

1
576b

(12a+ 6cn2 − 25cL1 + 7cH1 + 9sL1 + 9sH1 − 6sn2)(9s
L
1 − 9sH1 − 7∆c1)

≥ τL1 − τH1
≥ 1

576b
(12a+ 6cn2 − 25cH1 + 7cL1 + 9sL1 + 9sH1 − 6sn2)(9s

L
1 − 9sH1 − 7∆c1).
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Since 12a+6cn2 −25cL1 +7cH1 +9sL1 +9sH1 −6sn2 > 12a+6cn2 −25cH1 +7cL1 +

9sL1 + 9sH1 − 6sn2 > 0, we have 9sL1 − 9sH1 − 7∆c1 ≥ 0 andτL1 − τH1 ≥ 0.

Appendix B	 Derivation of IC Constraints in (S, P ) Case with

Discriminatory Tariffs

First, deriveπmn1 [(s
m
1 , τ

m
1 ), s2]. Given (sm1 , τ

m
1 ) ands2, countryM chooses tariffs

based on its posterior belief thatc1 = cm1 andc2 = E(c2). The game is solved by

backward induction in the same way as Appendix A. Solving the equilibrium in the

market stage and the third stage, we can getπmn1 [(s
m
1 , τ

m
1 ), s2] = [6a+8cn2−5E(c2)−

9cm1 + 9sm1 − 3s2]2/(576b)− τm1 .

Second, deriveπmn1 [(s
k
1, τ

k
1 ), s2]. Given(sk1, τ

k
1 ) ands2, countryM chooses tar-

iffs based on its posterior belief thatc1 = ck1 andc2 = E(c2). Solving the equilibrium

in the market stage and the third stage, we can getπmn1 [(s
k
1, τ

k
1 ), s2] = [6a + 8cn2 −

5E(c2)− 16cm1 + 7ck1 + 9sk1 − 3s2]2/(576b)− τk1 .

The IC constraints require thatπmn1 [(s
m
1 , τ

m
1 ), s2] ≥ πmn1 [(s

k
1, τ

k
1 ), s2], and it can

be shown that they aresL1 − sH1 ≥ 7∆c1/9 andτL1 ≥ τH1 .

Appendix C	 Proof of Proposition �

E(WD1 )
∣∣∣
(P,P )

− E(WU1 )
∣∣∣
(P,P )

=
15

12544b

[
8a+ 3E(c2)− 11E(c1)

]2− 5
432b

[
2a+ 5E(c2)− 7E(c1)

]2

=
5

338688b

{
81
[
8a+ 3E(c2)− 11E(c1)

]2− 784
[
2a+ 5E(c2)− 7E(c1)

]2}
.

The sign ofE(WD1 )|(P,P ) − E(WU1 )|(P,P ) is the same as that of 9[8a + 3E(c2) −
11E(c1)]−28[2a+5E(c2)−7E(c1)]. Thus, we can getE(WD1 )|(P,P ) > E(WU1 )|(P,P )
if and only ifE(c2)−E(c1) < 16[a−E(c2)]/97. The analysis is symmetric to country

2. Therefore, if and only if|E(c1) − E(c2)| < 16{a −max[E(c1), E(c2)]}/97, both

exporting countries prefer a discriminatory tariff regime.
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