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Abstract

Considering a subsidy/tax on domestic production, this study examines the tax com-
petition between two symmetric countries in the presence of the mutual endogenous entry
of foreign firms into each country’s market through exports and foreign direct investment
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negative is determined by the export intensity of domestic firms and thus the tax rate is
always negative (i.e., a subsidy) in the symmetric interior case. However, in the presence
of FDI, the necessary and sufficient condition for the sign of the equilibrium tax rate is
weighted toward FDI (but still characterized by an observable indicator); hence, the tax rate
can plausibly be positive (i.e., a tax). We also show that from the perspective of global
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1 Introduction

With the worldwide trend toward free trade, countries have agreed to open their domestic

markets and allow the free entry of foreign firms. However, even under such an agreement, they

have an incentive to strategically arrange domestic policy1 to promote their own welfare. In

particular, when a country opens its market, prices change because of rapid foreign penetration,

resulting in the possible decline in domestic production. Hence, one country’s policy can affect

trading partners’ market prices. However, such strategic interdependence caused by mutual

endogenous entry remains an under-researched topic.

This study theoretically analyzes a subsidy/tax on domestic production as a domestic policy

and investigates a new aspect of tax competition between two countries under strategic interde-

pendence through the mutual endogenous entry of foreign firms. Furthermore, as the options to

enter the other country’s market, we consider both exports and foreign direct investment (FDI)

and derive implications for the presence of FDI. For example, Brander and Spencer (1985), the

seminal work on competition through strategic trade policy, consider a production subsidy in

a third country model and Smith (1987) investigates import tariffs but considers foreign firms’

choice between imports and FDI in a home country model. However, these studies do not incor-

porate free entry as we do.2 Does the competition of subsidizing domestic production also occur

under the mutual endogenous entry of foreign firms? If so, does the presence of FDI alleviate

such subsidy competition to protect domestic firms?

Similar to our study, Venables (1985) considers mutual entry between two countries under

Cournot competition. He investigates the long-run situation in which both domestic and for-

eign firms endogenously enter markets.3 An incentive to protect the profits of domestic firms

cannot appear in such a pure long-run situation because no firms can earn a positive profit

in this case. However, because we are interested in rapid foreign penetration after opening a

market, the entry decision of existing foreign firms can be made immediately, whereas that of

potential domestic firms is considered to be more inflexible. Therefore, we suppose that the

number of domestic firms (incumbents) is exogenous and only the number of foreign firms (new

entrants) is endogenous.4 In other words, we consider the term in which only the firms that

1Keen and Ligthart (2005) provide an interesting implication about the coordination of domestic (consumption)
tax after the promotion of free trade (tariff reduction).

2For a literature review of optimal trade policy in imperfectly competitive markets, see Etro (2014).
3For recent studies of international trade with endogenous market structures, see Stähler and Upmann (2008)

and Markusen and Stähler (2011), among others.
4Furthermore, we rank the flexibility of the entry/exit decision through exports and FDI, as that through

exports is more flexible than that through FDI. See the model setting and footnote 1 for more details.
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already operate in their own countries can be players in the markets. In this situation, because

the free entry of foreign firms determines the market price and eliminates the price effect of the

production tax/subsidy, the government never cares about consumers. Nevertheless, govern-

ments have an incentive to provide a production subsidy to protect firms’ profits in the domestic

market. Recently, such a medium-term model has been adopted in studies of international eco-

nomics (Lahiri and Ono, 1998a; Kayalica and Lahiri, 2007; Etro, 2011, 2014; Ino and Miyaoka,

2016). Among others, Etro (2011) investigates a production subsidy in this context by extending

Brander and Spencer’s (1985) third country model and Ino and Miyaoka (2016) investigate the

political production control, which is equivalent to a production subsidy under the endogenous

entry of foreign firms in a home country model. However, all these works consider other market

structures or policies than our study does.5 Ours is a two-country model in the presence of FDI

that considers a domestic production subsidy/tax under mutual foreign entry.

This study investigates the tax rates resulting from the above-mentioned non-cooperative

optimal tax competition and shows the following results. If we focus only on exporting as the

entry method, the production tax causes a trade-off between the effects on the profits of domestic

firms in the home market and on the tax revenue obtained from exports to the foreign market.

Thus, whether the equilibrium tax rate is positive or negative is determined by the export

intensity of domestic firms. Consequently, in the absence of FDI, the equilibrium tax rate is

always negative (i.e., a subsidy) in the symmetric interior case. However, if we take FDI into

account, the production tax additionally affects the tax revenue obtained from foreign FDI firms

in the home market and the profits of home FDI firms operating in the foreign market. Both

these two effects increase the production tax rate. Thus, the necessary and sufficient condition

for the sign of the equilibrium tax rate is weighted toward FDI. Accordingly, in the presence of

FDI, the equilibrium tax rate can plausibly be positive (i.e., a tax). We characterize the welfare

effects presented here using observable quantities as well as show that in terms of global welfare,

the equilibrium tax rate is excessively low (high) when it is a subsidy (tax).

These results imply that the country’s incentive to levy taxation on domestic production

crucially depends on the presence of FDI. Under mutual entry, we have the market force that

FDI increases the domestic tax rate. This force is more substantial than the conventional wisdom

that FDI lowers the excessive subsidy rate and makes the subsidy competition between countries

milder. The presence of FDI can thus alter the phase of competition to tax competition, which

5Neither Etro (2011) nor Ino and Miyaoka (2016) incorporates FDI. Without considering FDI, Etro (2014)
mainly investigates import tariffs under unilateral trade in a domestic market. Lahiri and Ono (1998a) consider
FDI in a domestic market without international trade and Kayalica and Lahiri (2007) focus on lobbying activities
related to FDI.
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makes such tax competition excessively severe.

The rest of the paper is organized as follows. The next section formulates the model. Sections

3 and 4 investigate the strategic tax rates in the absence and presence of FDI, respectively. In

Section 5, we evaluate these equilibrium tax rates from the perspective of global welfare. In

Section 6, we further discuss a countervailing duty (CVD)6 and an application to an emission

tax. Interestingly, under mutual entry, we show that CVDs can make subsidy competition severer

and that the non-cooperative emission tax rate can be higher than the marginal environmental

damage. Section 7 concludes.

2 The model

2.1 Basic setting

Consider a two-country model in which both home and foreign countries are symmetric. In the

home (foreign) country, m home (n foreign) firms produce goods X and supply them to the

domestic market. These firms also choose exports or FDI when entering the other country’s

market; the numbers of home (foreign) firms that choose exports and FDI are denoted by mE

and mI (nE and nI), respectively. The numbers of existing firms, m and n, are exogenous;

however, as explained later, the numbers of firms that enter the other market through exports

and FDI are endogenously determined. We focus on the symmetric case in which m = n and

the interior case in which 0 < mE +mI < m and 0 < nE + nI < n.

The firms do not pay any fixed costs to supply goods X to the domestic market because

they are already operating in their own country’s market and such a cost is therefore sunk. By

contrast, they incur a fixed entry cost when they enter the other country’s market.7 The entry

cost when a firm chooses exports is f > 0, which is common to all firms. On the contrary,

the entry cost of the home (foreign) market when foreign firm j (home firm j) chooses FDI

is Fj > 0, which differs among firms. For example, it is easier for the first entrant through

FDI than for the second entrant to find workers with skills and suitable production sites in the

host country because the endowment of human resources and land is limited. In such a case,

the speed of decision-making is a source of the difference in the fixed cost.8 Without loss of

generality, we assume that F1 < F2 < F3 · · · , where the subscript is the index j. We ignore the

6CVDs are duties that governments can impose under World Trade Organization (WTO) rules to offset the
damage caused by subsidizing trading partners.

7When firms enter the markets of other countries, they usually pay an entry cost. They may have to conduct
market research and/or create a new distribution channel by agreeing contracts with local distributors.

8 Another way of interpreting the difference is as follows. There are the difference in fixed costs when the costs
for the acquisition of human resources and fundraising differ among firms. However, in this case, the possibility
of equilibria in which firms with higher fixed costs execute FDI sooner should be carefully examined.
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integer problem and assume that the entry cost of the jth firm through FDI is the function of

j, which is differentiable:

Fj = F (j), F ′ > 0.9 (1)

The marginal cost of producing one unit of goods X is c ≥ 0, which is common to all firms.

When the firms export their products to the other country, they have to pay transportation

costs. The per unit transportation cost is cEX ≥ 0. Define C = c+ cEX .

Inverse demand for goods X in each country is given by

P = A− aX, A > 0, a > 0, (2)

where P and X denote the price and the amount of demand, respectively.

The home (foreign) government may levy a tax on domestic production, which is denoted by

t ∈ R (t∗ ∈ R). We do not exclude a production subsidy. Hence, t and t∗ can be negative. In

the home market, the profit of home firm i is

πi ≡ (A− aX)xi − (c+ t)xi, (3)

and the profit of foreign firm j that enters the home market through FDI is

πj ≡ (A− aX)xj − (c+ t)xj − Fj . (4)

Moreover, the profit of foreign firm k that enters the home market through exports is

πk ≡ (A− aX)yk − (C + t∗)yk − f. (5)

In these expressions of the profits, xi, xj , and yk represent each firm’s quantities produced by

each option. In the foreign market, the profits of foreign firm i, home firm j that enters the

foreign market through FDI, and home firm k that enters the foreign market through exports

are analogously defined by π∗
i , π

∗
j , and π∗

k. We represent the variables in the foreign market by

attaching the superscript ∗.10

The welfare of the home country is the sum of the home consumer surplus, profits of home

firms, and home tax revenue, which is given by

W ≡ CS(X) +
m∑
i=1

πi +

mI∑
j=1

π∗
j +

mE∑
k=1

π∗
k + tY, (6)

9 In other words, according to the fixed costs that are set in this paragraph, our model assumes the flexibility
to enter/exit the market: that for the exporting foreign firm is the most flexible, for the domestic firms is the
most inflexible, and for the FDI firms is intermediate.

10More precisely, the indexes of the firms in the foreign market should also be denoted as i∗, j∗, and k∗. Firm
j∗ or k∗ (j or k) corresponds to some home firm i (foreign firm i∗). However, to avoid complex expressions and
explanations, we somewhat abuse these indexes. Because the home and foreign markets are independent in our
model, readers will easily see what they represent from the context.
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where CS(X) ≡ aX2/2 represents the consumer surplus and

Y ≡
m∑
i=1

xi +

nI∑
j=1

xj +

mE∑
k=1

y∗k = X +

(
mE∑
k=1

y∗k −
nE∑
k=1

yk

)
(7)

represents total domestic production (total demand plus net exports) in the home country. The

welfare of the foreign country is given by W ∗ analogously.

The structure of the game is as follows. In the first stage, each government determines the

tax rate to maximize its own welfare. In the second stage, each firm determines whether it enters

the other country’s market. In addition, each firm selects whether it enters through exports or

FDI when doing so. For simplicity, we assume that each firm chooses one of the two alternatives.

In the third stage, both the home and the foreign firms choose their outputs in each country’s

market and compete in a Cournot fashion. We solve the game using backward induction.

2.2 Market competition and entry decision

Consider the market competition and entry in the home country. In the third stage, by focusing

on the interior solution, the first-order conditions (FOCs) for firms i, j, and k are given by11

∂πi
∂xi

= A− aX − axi − c− t = 0, (8)

∂πj
∂xj

= A− aX − axj − c− t = 0, (9)

∂πk
∂yk

= A− aX − ayk − C − t∗ = 0. (10)

By symmetry, xi = xj = x and yk = y in the third stage’s equilibrium. Taking these equilibrium

outputs that satisfy (8)–(10) into account, in the second stage, the numbers of foreign firms

that enter the home market, nI and nE , are determined by the following zero-profit conditions

(ZPCs):12

πj = (A− aX)x− (c+ t)x− F (nI) = 0, (11)

πk = (A− aX)y − (C + t∗)y − f = 0, (12)

whereX = mx+nIx+nEy. Thus, summarizing all the conditions, the second stage’s equilibrium

outcomes must satisfy (8)–(12), and thus they can be denoted as x̃i(m, t) = x̃j(m, t) = x̃(m, t),

ỹ(m, t), ñI(m, t), ñE(m, t), where t = (t, t∗). In addition, for the other variables, ˜ denotes the

equilibrium value in the second stage. For example, equilibrium total home demand is denoted

as X̃(m, t) = mx̃+ ñI x̃+ ñE ỹ.

11We can easily show that the second-order conditions (SOCs) and stability conditions are satisfied.
12The stability conditions for the second-stage equilibrium can be easily verified.
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Similarly, in the foreign market, the second stage’s equilibrium outcomes are also defined by

the three FOCs and two ZPCs for this market:

∂π∗
i

∂x∗i
= A− aX∗ − ax∗ − c− t∗ = 0, (13)

∂π∗
j

∂x∗j
= A− aX∗ − ax∗ − c− t∗ = 0, (14)

∂π∗
k

∂y∗k
= A− aX∗ − ay∗ − C − t = 0. (15)

π∗
j = (A− aX∗)x∗ − (c+ t∗)x∗ − F (mI) = 0, (16)

π∗
k = (A− aX∗)y∗ − (C + t)y∗ − f = 0, (17)

where X∗ = nx∗ +mIx
∗ +mEy

∗, and the equilibrium outcomes can be denoted as x̃∗i (n, t) =

x̃∗j (n, t) = x̃∗(n, t), ỹ∗(n, t), m̃I(n, t), m̃E(n, t) analogously.

3 Strategic tax rates in the absence of FDI

To discuss the effect of FDI on tax competition, in this section, we first consider the case in

which the firms operate without FDI by exogenously presuming mI = nI = 0 and xj = x∗j = 0.

Then, the remaining three equilibrium outcomes in the home market (x̃, ỹ, ñE) are determined

from (8), (10), and (12) by dropping the conditions for the FDI firms (9) and (11). Similarly,

the equilibrium outcomes in the foreign market (x̃∗, ỹ∗, m̃E) are given by (13), (15), and (17).

3.1 The effects of a production tax in the markets

First, we examine the effect of a change in the tax rate on the outputs and number of entrants.

Observing the equilibrium conditions, we find that (10) and (12) can be independently solved

with respect to two endogenous variables, X̃ and ỹ. In addition, the home production tax rate

t is not included in these two equations. Thus, we immediately obtain the following result. The

structure is similar in the foreign market as mentioned in the parentheses.13

Proposition 1 In the home (foreign) market, total consumption X̃ (X̃∗) and the output of each

exporting firm ỹ (ỹ∗) are not influenced by the home tax rate t (foreign tax rate t∗).

13The basic mechanism of this result is the same as Proposition 1 of Bayindir-Upmann (2003). Recently, the
similar neutral property in free entry markets has been widely used in studies of industrial organization. See, for
example, Etro (2007) and Ino and Matsumura (2012).
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Proposition 1 implies that the price in the home market and thus the home consumer surplus

are not influenced by a change in the home tax rate. As for the remaining effects of t in the

home market, differentiating (8) with respect to t, we obtain

∂x̃

∂t
= −∂X̃

∂t
− 1

a
= −1

a
< 0, (18)

and from X̃ = mx̃+ ñE ỹ, we obtain

∂ñE

∂t
=

∂

∂t

X̃ −mx̃

ỹ
=

m

aỹ
> 0, (19)

Where, in both calculations, the second equalities use Proposition 1. According to Proposition

1, an increase in imports perfectly cancels out a decrease in production in the home country.14

As for the effects of t in the foreign market, differentiating (15) and (17) with respect to t

yields15 (
−a −a

−ay∗ P̃ − C − t

)(
∂X̃∗

∂t
∂ỹ∗

∂t

)
=

(
1
ỹ∗

)
,

where P̃ − (C + t) = aỹ∗ by (15). Thus, solving these equations yields

∂X̃∗

∂t
= −1

a
< 0, (20)

∂ỹ∗

∂t
= 0. (21)

In contrast to Proposition 1, the home tax influences foreign consumption and raises the price

in the foreign market. Further, differentiating (13), we obtain

∂x̃∗

∂t
= −∂X̃∗

∂t
=

1

a
> 0. (22)

Finally, from X̃∗ = nx̃∗ + m̃E ỹ
∗, we obtain

∂m̃E

∂t
=

∂

∂t

X̃∗ − nx̃∗

ỹ∗
= −n+ 1

aỹ∗
< 0. (23)

An increase in production tax in one country decelerates the foreign penetration in the other

country. Then, it increases the production of each domestic firm in the other country, whereas

it makes this country’s market less competitive and its price then increases as a result.

14∂(mx̃)/∂t = ∂(ñE ỹ)/∂t.
15Note that P̃ is independent of t from Proposition 1.
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3.2 Tax competition

In the first stage, the home government maximizes home social welfare, and its FOC is16

0 =
∂W̃

∂t
=

∂(mπ̃i)

∂t
+

∂(tỸ )

∂t
(24)

= −mx̃+ m̃E ỹ
∗ + t

∂Ỹ

∂t
, (25)

where Ỹ = mx̃+m̃E ỹ
∗. The first equality is obtained because ∂CS(X̃)/∂t = 0 and ∂(m̃E π̃

∗
k)/∂t =

0 hold from Proposition 1 and the ZPC (17), respectively. The second equality stems from

∂π̃i/∂t = −2x̃ from (18) and the FOC (8). Thus, the home tax rate in the equilibrium t̃ must

satisfy

t̃ =
mx̃− m̃E ỹ

∗

∂Ỹ /∂t
, (26)

where total home production decreases in t, that is,

∂Ỹ

∂t
= m

∂x̃

∂t
+ m̃E

∂ỹ∗

∂t
+

∂m̃E

∂t
ỹ∗ < 0 (27)

from (18), (21), and (23). Therefore, t̃ is positive if and only if mx̃ − m̃E ỹ
∗ < 0. To interpret

this condition, let us denote the ratio of exports to the home supply of the home firms in the

equilibrium by

EI ≡ m̃E ỹ
∗

mx̃
, (28)

which represents how intensively the home industry engages in exporting. Then, the equilibrium

production tax satisfies the following proposition. The situation is the same for the foreign

country’s equilibrium tax rate t̃∗, where the export intensity of the domestic firm is EI∗ ≡

(ñE ỹ)/(nx̃
∗).

Proposition 2 In tax competition (first stage) in the absence of FDI, t̃ > 0 (t̃∗ > 0) holds if

and only if EI > 1 (EI∗ > 1) in the equilibrium. Thus, in the symmetric interior equilibrium,

both the countries’ tax rates must be negative (i.e., a subsidy).

The latter half of the proposition is because m̃E < m in the interior equilibrium and ỹ∗ = ỹ ≤ x̃

in the symmetric equilibrium with t = t∗, where the last inequality is obvious from C+ t∗ ≥ c+ t

and the FOCs (8) and (10).

In considering the optimal tax rate, Proposition 1 implies that there is no effect arising from

the inefficiency of imperfect competition in the home market because the domestic tax does not

affect total consumption in the country. On the contrary, the profit-capturing effect necessarily

16We assume that the SOCs and stability conditions are satisfied.
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exists, which is represented by the first term of (24), and this lowers the tax rate. The tax

revenue effect also influences the optimal tax rate, which is represented by the second term of

(24). This effect can be decomposed into Ỹ + t(∂Ỹ /∂t). The former direct effect works to raise

the tax rate, whereas the latter indirect effect through a decrease in domestic production works

against it. Thus, the source of the positive effect is only in the tax revenue effect.

Therefore, the intuition behind Proposition 2 is the following trade-off, which is represented

by observable indicator EI.

On the one hand, in the home market (represented in the denominator), the profits of the

home firms are protected by a reduction in production tax t. This tax reduction improves the

strategic position of the home firms in the home market and the resulting promotion of their

production (increase in mx̃) cancels out the foreign penetration (decrease in ñE ỹ).
17 Thus, this

strategic profit-capturing effect on domestic firm protection, which lowers the tax, exactly relates

to mx̃, which is represented by the denominator of EI.

On the other hand, in the foreign market (represented in the numerator), the home gov-

ernment has an incentive to increase t to obtain tax revenue from the home exporting firms.

This opposite positive effect is included in the direct tax revenue effect (Ỹ = mx̃ + m̃E ỹ
∗), as

mentioned earlier. Because tax revenue from operating in the home market (mx̃) is just the

transfer, it is canceled out by a part of the profit-capturing effect (∂mπ̃i/∂t = −2mx̃) other than

the strategic profit-capturing effect (mx̃). Therefore, tax revenue from operating in the foreign

market (m̃E ỹ
∗) remains.18 Thus, this effect on the tax revenue from the foreign business, which

raises the tax, exactly relates to m̃E ỹ
∗, as represented by the numerator of EI.

Because these two effects work oppositely, export intensity EI, which represents their relative

size, is the key condition. However, this never exceeds 1 in the two symmetric country case and

t̃ becomes negative (i.e., a production subsidy). In other words, in this case, the government’s

incentive to protect domestic firms always dominates its incentive to earn from the foreign

market.

17Recall the explanation just after (19). This is because t does not influence the consumer surplus under the
endogenous entry of foreign firms.

18Note the exporting firm always earns the zero-profit including the tax payment under the endogenous entry.
Recall the explanation just after (23). An increase in t induces the exits of the home exporting firms. However,
it makes the foreign market less competitive and the business in the foreign market more profitable even for
the remaining home firms (m̃E ỹ

∗). This rent-shift from the foreign to the home surplus obtained as the home
country’s tax revenue.
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4 Strategic tax rates in the presence of FDI

In this section, we introduce FDI into our analysis. Then, the five equilibrium outcomes in

the home market (x̃i, x̃j , ỹ, ñI , ñE) are determined from (8)–(12). Because (8) and (9) are the

same condition, x̃i = x̃j = x̃ holds. Thus, compared with in the previous section, the additional

equilibrium outcome is only ñI and the condition to induce it is (11). Similarly, the equilibrium

outcomes in the foreign market (x̃∗, ỹ∗, m̃I , m̃E) are given by (13)–(17).

4.1 The effects of a production tax in the markets

With regard to the effect of t in the home market, recall that Proposition 1 stems only from

(10) and (12). Hence, Proposition 1 is also valid in this section. As analyzed in the previous

section, an increase in the home (foreign) tax rate does not influence home (foreign) consump-

tion and prices. Moreover, similarly to in the previous section, we also obtain (18) from (8).

Differentiating (11) with respect to t,19 we obtain

(P̃ − c− t)
∂x̃

∂t
− x̃− F ′∂ñI

∂t
= 0 ∴ ∂ñI

∂t
= −2x̃

F ′ < 0, (29)

where P̃ − (c+ t) = ax̃ from (9). Finally, from X̃ = mx̃+ ñI x̃+ ñE ỹ, we obtain

∂ñE

∂t
=

∂

∂t

X̃ −mx̃− ñI x̃

ỹ
=

(m+ ñI)F
′ + 2ax̃2

aỹF ′ > 0, (30)

where the second equality uses Proposition 1. Because an increase in t decreases not only the

home firm’s production but also the foreign firm’s entries through FDI, according to Proposition

1, an increase in imports offsets the sum of these production reductions.20

Next, we consider the effects of t in the foreign market. We can obtain (20), (21), and (22) in

a similar way to in the previous section. Then, differentiating (16) with respect to t, we obtain

x̃∗
∂P̃ ∗

∂t
+ (P̃ ∗ − c− t∗)

∂x̃∗

∂t
− F ′∂m̃I

∂t
= 0 ∴ ∂m̃I

∂t
=

2x̃∗

F ′ > 0, (31)

where ∂P̃ ∗/∂t = −a(∂X̃∗/∂t) by definition and P̃ ∗ − (c + t∗) = ax̃∗ from (14). Finally, from

X̃∗ = nx̃∗ + m̃I x̃
∗ + m̃E ỹ

∗, we obtain

∂m̃E

∂t
=

∂

∂t

X̃∗ − nx̃∗ − m̃I x̃
∗

ỹ∗
= −(n+ 1 + m̃I)F

′ + 2ax̃∗2

aỹ∗F ′ < 0. (32)

In the presence of FDI, an increase in t, which discourages the home firms from exporting,

encourages them to enter the other country through FDI. As a result, in the foreign market, a

decrease in imports is shifted by an increase in production through FDI. Thus, the price change

in t, namely ∂P̃ ∗/∂t = 1 from (20), is the same as in the previous section.

19Note that P̃ is independent of t from Proposition 1.
20From ∂X̃/∂t = 0, −∂(mx̃+ ñI x̃)/∂t = ∂(ñE ỹ)/∂t holds.
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4.2 Tax competition

Now, let us turn to the analysis in the first stage, where the home and foreign governments

maximize each country’s social surplus.21

Because the profit of the last home entrant into the foreign market through FDI is zero, the

total profit of the home firms that enter the foreign market through FDI, namely
∑

j π̃
∗
j , is given

by ∫ m̃I

0
{F (m̃I)− F (z)}dz. (33)

In addition, total domestic production in the home country is Ỹ = mx̃ + ñI x̃ + m̃E ỹ
∗. Thus,

the FOC for the home government is

0 =
∂W̃

∂t
= F ′(m̃I)m̃I

∂m̃I

∂t
+

∂(mπ̃i)

∂t
+

∂(tỸ )

∂t
(34)

= 2m̃I x̃
∗ −mx̃+ ñI x̃+ m̃E ỹ

∗ + t
∂Ỹ

∂t
, (35)

where the first term in the first line can be rewritten as 2m̃I x̃
∗ from (31) and thus the second

equality is obtained. In contrast to the FOC (25) in the absence of FDI, we have two additional

factors in (35). One is the first term representing the effect on the total profits of home firms

that enter the foreign market through FDI.22 The other is the term that represents the effect of

FDI on tax revenue.

From (35), the home tax rate in the equilibrium (t̃) must satisfy

t̃ =
(mx̃− ñI x̃)− (m̃E ỹ

∗ + 2m̃I x̃
∗)

∂Ỹ /∂t
, (36)

where total home production decreases in t, that is,

∂Ỹ

∂t
= (m+ ñI)

∂x̃

∂t
+

∂ñI

∂t
x̃+ m̃E

∂ỹ∗

dt
+

∂m̃E

∂t
ỹ∗ < 0 (37)

from (18), (21), (29), and (32). Therefore, t̃ is positive if and only if the numerator of (36) is

negative. To interpret this condition, we define

FI ≡ m̃E ỹ
∗ + 2m̃I x̃

∗

mx̃− ñI x̃
, (38)

for the home government. Then, we obtain the following proposition. We can describe the

decision-making of the foreign government analogously by defining FI∗ ≡ (ñE ỹ+2ñI x̃)/(nx̃
∗ −

m̃I x̃
∗).

21We assume that the SOCs and stability conditions are satisfied.
22In this term, the effect on a new marginal entrant is zero because its profits must satisfy the ZPC. Thus, the

presented effect is for the FDI firms that have already been operating in the market before a marginal increase in
t. This effect is twice as large as their production (2m̃I x̃

∗). To obtain the intuition of our result later, it is worth
noting why this is double. The expression 2x̃∗ is derived from the first and second terms of (31). Therefore, one
is an increase in an FDI firm’s profit caused by a change in the price (∂P̃ ∗/∂t > 0) and the other is that caused
by a change in the output of the FDI firm (∂x̃∗/∂t > 0).
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Proposition 3 In tax competition (first stage) in the presence of FDI, t̃ > 0 (t̃∗ > 0) holds

if and only if FI > 1 (FI∗ > 1) in the equilibrium. Thus, even in the symmetric interior

equilibrium, both the countries’ tax rates can be positive (i.e., a tax).

If we simply extend the export (foreign supply) intensity defined in (28) by taking the produc-

tion of FDI firms into account, a straightforward definition would be FI ′ ≡ (m̃E ỹ
∗+m̃I x̃

∗)/mx̃,

which is namely the ratio of the home firms’ total foreign supply through exports and FDI to the

home firm’s domestic supply. Under the symmetric interior equilibrium, where mE +mI < m

and ỹ∗ = ỹ ≤ x̃ holds, this ratio never exceeds 1 because m̃E ỹ + m̃I x̃ < mx̃. However, our

indicator FI is further modified in two aspects: the denominator (related to the home market)

is reduced by the FDI of foreign firms (−ñI x̃) and the numerator (related to the foreign market)

is amplified by the FDI of home firms (2m̃I x̃
∗). Because of these weights toward FDI, we have

FI > FI ′. As a result, even in the symmetric interior case, FI > 1 can be satisfied plausibly.23

Intuitively, the modified condition in Proposition 3 is weighted toward FDI because being

related to FDI, the following additional two effects arise. Consequently, these effects can alter

the phase of the competition from subsidy competition to tax competition.

First, in the home market, as mentioned in the previous section, an incentive to protect

domestic firms works against the foreign firm’s imports. However, if the government reduces

t for that, it also reduces the tax revenue from the foreign FDI firms producing in the home

country (ñI x̃). Thus, in this negative effect on the tax rate (the denominator), ñI x̃ must be

subtracted.

Second, in the foreign market, as mentioned in the previous section, the incentive to obtain tax

revenue from exporting firms (m̃E ỹ
∗) raises the tax rate. However, for FDI firms, differently from

the tax revenue effect, the effect of an increase in t works on their profits through two channels

as follows.24 The home FDI firms already producing in the foreign market are influenced by t

just as foreign domestic firms are. First, the higher t makes the market less competitive and

raises the price. This benefit is captured by the profits of the home FDI firms producing in

the market (m̃I x̃
∗) as well as foreign domestic firms. The impact per unit production through

this channel is the same as that through tax revenue from exporting firms (m̃E ỹ
∗) because they

both relate to the same price change. Second, the higher t also improves the strategic position

of the firms producing in the foreign country, including both FDI and foreign domestic firms,

and this encourages their production (∂x̃∗/∂t = −1/P ′ > 0). Since the profits of the firms

23By symmetry, this condition simplifies to m̃E ỹ + 3m̃I x̃ > mx̃. In the next section (see the last paragraph),
we provide a numerical example that concretely shows the cases in which FI > 1.

24See footnote 22 to check the corresponding mathematical expressions.
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Domestic production and Exports FDI

Home market
− Profits of home firms

(mx̃)
+ Tax revenue from foreign firms

(ñI x̃)

Foreign market
+ Tax revenue from home firms

(m̃E ỹ
∗)

+ Profits of home firms
(2m̃I x̃

∗)

Table 1: Channels of welfare effects in increasing the production tax. The symbols + and
− represent the positive and negative effects, respectively. The mathematical expressions in
parentheses are the related quantities used to measure the relative impacts of the welfare effects.

already producing in the foreign market are positive (under imperfect competition, the markup

is −P ′x∗ > 0), this benefit (−1/P ′ × −P ′x∗ = x̃∗) is also captured by the profits of m̃I home

FDI firms (m̃I x̃
∗).25 Thus, in the positive effect on the tax rate (the numerator), the unit benefit

through the profits of FDI is double (2m̃I x̃
∗) that for the tax revenue effect related to exports

(m̃E ỹ
∗).

Table 1 summarizes how the effects of t influence the welfare of home country W . All the

welfare effects presented here can be characterized by observable quantities (inside the parenthe-

ses). When we restrict our attention to supply through domestic production and exports other

than FDI (second column), the government can protect the profits of home firms in the home

market by decreasing t (second row) but earn the tax revenue from the home firms exporting to

the foreign market by increasing t (third row). Thus, in the absence of FDI, the key trade-off

is between these two welfare effects, as seen in the previous section. When we pay attention to

supply through FDI (third column), by contrast, two effects exist: one is on the tax revenue

in the home market (second row) and the other is on the profits of home firms in the foreign

market (third row). In the home market, by increasing home tax t, tax revenue is also earned

from foreign FDI firms. In the foreign market, by increasing t, the profit of home FDI firms

receives the double benefit of an increase in prices and an increase in production, as mentioned

earlier.26

25While such an increase in the production of the FDI firm decreases exports, the profits of exporting home
firms are always zero under endogenous entry.

26This benefit is obtained because heterogeneous fixed costs ensure FDI firms earn positive profits. If the fixed
costs of FDI firms are homogeneous, the model exhibits a bang-bang solution in which all firms select exports or
FDI in the second stage. When all firms select exports, in the absence of FDI, the welfare effects are the two
effects in the second column. Thus, the optimal tax rates are negative in the symmetric equilibrium. If all firms
select FDI, without exports, no tax revenue can be obtained from the foreign market. Moreover, the profits of
FDI firms are zero because of the homogeneous fixed costs. Thus, the welfare effects are the two effects in the
second row, which appear in the home market. Since all n firms select FDI (ñI = n), the optimal tax rates are
zero in the symmetric equilibrium (mx̃ = ñI x̃).
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5 Welfare analysis

In this section, we compare the non-cooperative tax rates analyzed thus far with the cooperative

tax rates that maximize global welfare W +W ∗, where

W ∗ = CS∗(X) +

n∑
i=1

π∗
i +

nI∑
j=1

πj +

nE∑
k=1

πk + t∗Y ∗. (39)

The FOC for maximizing global social welfare with respect to t is27

0 =
∂W̃

∂t
+

∂W̃ ∗

∂t
, (40)

where ∂W̃/∂t is (35) and ∂W̃ ∗/∂t is obtained as follows. Differentiating the first term of (39)

yields the effect on the foreign consumer surplus, which is given by

∂CS∗

∂t
=

∂a(X̃∗)2/2

∂t
= −X̃∗ = −(n+ m̃I)x̃

∗ − m̃E ỹ
∗ < 0, (41)

where we use (20). Because an increase in the home tax rate increases the price of goods X in

the foreign market, this effect is negative. The second factor is the effect on the profits of foreign

firms obtained from their domestic (foreign) market. Because the number of foreign firms that

enter the foreign market is fixed, this effect is given by

n
∂π̃∗

i

∂t
= n

{
∂P̃ ∗

∂t
x̃∗ + (P̃ ∗ − c− t∗)

∂x̃∗

∂t

}
= 2nx̃∗ > 0, (42)

which is positive. When inducing the last equality, we use (20), (22), and the FOC (8). Differ-

entiating the third term of (39), the effect on the profits of foreign firms that enter the home

market through FDI is given by

F
′
(ñI)ñI

∂ñI

∂t
= −2ñI x̃ < 0, (43)

which is negative. The equality is obtained from (29). In the absence of FDI, this factor does

not appear. As for the fourth term of (39), the effect on the profits of foreign firms that enter

the home market through exports is neutral because of the ZPC (12). The fifth factor is the

effect on foreign tax revenue. Because an increase in the home tax rate raises production in the

foreign country,28 this effect is positive and given by

t∗
∂Ỹ ∗

∂t
> 0, (44)

27We assume that the SOCs are satisfied in the relevant range.
28From (22), (30), (31), and Proposition 1 (∂ỹ/dt = 0), we have

∂Ỹ ∗

∂t
= (n+ m̃I)

∂x̃∗

∂t
+

∂m̃I

∂t
x̃∗ + ñE

∂ỹ

dt
+

∂ñE

∂t
ỹ > 0.
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where Ỹ ∗ = (n+ m̃I)x̃
∗ + ñE ỹ for the presence of FDI and Ỹ ∗ = nx̃∗ + ñE ỹ for the absence of

FDI. Thus, the sum of these effects (41)–(44) yields

∂W̃ ∗

∂t
= nx̃∗ − m̃I x̃

∗ − m̃E ỹ
∗ − 2ñI x̃+ t∗

∂Ỹ ∗

∂t
, (45)

where m̃I = ñI = 0 in the absence of FDI.

Thus, in the symmetric equilibrium (nx̃∗ = mx̃, m̃I x̃
∗ = ñI x̃, and ñI x̃

∗ = m̃I x̃), the condition

(40) reduces to

0 = t

(
∂Ỹ

∂t
+

∂Ỹ ∗

∂t

)
.

This implies that the global optimal level of t must be zero.29 By symmetry, we can describe

the decision-making with respect to t∗ analogously. Consequently, we obtain the following

proposition in the models of both the absence and the presence of FDI.

Proposition 4 In the symmetric interior market equilibrium, the global optimal (cooperative)

tax rates are t = 0 and t∗ = 0.

The intuition for this result is as follows. The markets of goods X in both countries are im-

perfectly competitive. Thus, when considering global welfare, both tax rates should be negative

(i.e., subsidies) because subsidies mitigate the distortion caused by imperfect competition by

increasing total output. However, subsidies promote the entry of firms, which incurs fixed costs.

The fixed cost payment results in a decline in global welfare. Proposition 4 reveals that the first

tax-lowering effect and second tax-raising effect cancel out.

Combined with the results in Propositions 2 and 3, Proposition 4 implies that the tax rate

of each country in the non-cooperative equilibrium is lower than the global optimal rate when

FDI is not available, whereas it is higher than that if and only if FI > 1 when FDI is available.

In other words, the equilibrium tax rate is excessively low (high) if and only if it is a subsidy

(tax). Because the countries ignore the welfare effects on other countries, under strategic inter-

dependence, the competition between them becomes excessively severe from the perspective of

global welfare under both subsidy and tax competition.30

Numerical example To illustrate our results, we provide a numerical example for various

values of m, as depicted in Figure ??. The indicator FI at the symmetric equilibrium is over

1 when m is relatively small (i.e., relatively monopolistic before opening markets) and below

29∂Ỹ /∂t+ ∂Ỹ ∗/∂t is not zero even in the symmetric equilibrium because of (30) and (32).
30The tax rate is consistent with the optimal rate when FI = 1.
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1 when m is relatively large (i.e., relatively competitive before opening markets). These cases

correspond to the positive and negative equilibrium tax rates t̃, respectively. The less competitive

the preceding domestic market is, the more foreign exporting firms can enter after the market

is opened, and thus the price is more likely to be affected by the foreign tax rate. As a result,

tax competition to capture FDI firms’ profits and tax revenue from the foreign market becomes

severe. The welfare loss compared with the global welfare-maximizing level is positive when t̃ > 0

and t̃ < 0 and is minimized and disappears when FI = 1. When t̃ > 0, tax competition shrinks

the market size and the price is higher than the global optimal level. On the contrary, when

t̃ < 0, subsidy competition enlarges the market size and the price falls below the global optimal

level. This lower price deteriorates welfare because it is caused by the excess entries of subsidized

exporting firms. Under global welfare, the subsidies given to exporting firms are canceled out

by a portion of their entry costs because exporting firms enter the markets until their profits

fall to zero. Therefore, the welfare loss caused by tax/subsidy competition is minimized when

m is intermediate.

6 Further discussion and application

6.1 Countervailing Duty

The WTO prohibits export subsidies, but it does not prohibit the use of production subsidies.

However, governments can impose a CVD that offsets the effects of trading partners’ subsidies

if (i) the production subsidy increases the exports of subsidized firms and (ii) the increased

imports harm foreign firms. In our structure, (i) is satisfied since a decrease in t (an increase

in the subsidy) increases m̃E ỹ
∗ from (21) and (32). Further, (ii) is satisfied since it decreases∑

i π
∗
i from (42). Thus, we next discuss how our welfare effects are modified under the CVD,

finding that CVDs can make subsidy competition severer under mutual endogenous entry.

Let us consider the home country that imposes tax −t∗ on its imports yk as a CVD when the

foreign country provides subsidy t∗ ≤ 0. Tax revenue from this CVD, −t∗
∑nE

k=1 yk, should be

additionally included in home country’s welfare W . The foreign country also imposes tax −t as

a CVD in the same manner. Then, because the subsidies on imports are offset by the CVDs, the

equilibrium outcomes in the home and foreign markets correspond to the case in which t∗ = 0

and t = 0, respectively (e.g., x̃(m, t, 0) and x̃∗(m, 0, t∗) for a domestic firm’s output). Thus, the
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FOC for the home government is modified as

0 =
∂W̃

∂t
= F ′(m̃I)m̃I

∂m̃I

∂t
+

∂(mπ̃i)

∂t
+

∂(tỸ )

∂t
− t∗

∂(ñE ỹ)

∂t
(46)

= −mx̃+ ñI x̃+ m̃E ỹ
∗ + t

∂Ỹ

∂t
− t∗ỹ

∂ñE

∂t
. (47)

Under the CVDs, the equilibrium tax rate t̃C ≤ 0 must satisfy this.

Therefore, the welfare effects of t are modified by two channels. First, the positive ef-

fect through the profits of home FDI firms (the first term in the first line) vanishes because

∂m̃I(m, 0, t∗)/∂t = 0 under the foreign country’s CVD. Second, the positive effect through the

tax revenue gained by the home country’s CVD appears because ∂ñE(m, t, 0)/∂t > 0 from

(30). Since these channels conflict, the imposition of CVDs does not always alleviate production

subsidy competition.31

Proposition 5 Under subsidy competition with CVDs, t̃C < t̃ and t̃∗C < t̃∗ can hold (i.e., both

countries’ equilibrium subsidy rates under CVDs can be higher than the equilibrium subsidy rates

without CVDs).

6.2 Emission tax

As an interesting application of our strategic production subsidy/tax, we can consider emission

tax competition in the presence of exports and FDI. Let us consider that one unit of goods X

emits one unit of pollution during production. We reinterpret t and t∗ as the emission tax rates

imposed by the home and foreign governments, respectively. Home and foreign environmental

damage is given by E = E(Y ) and E∗ = E(Y ∗), where E′ ≥ 0, E′′ ≥ 0. All the other setups are

the same as in the previous sections.

Under this reinterpretation, all the analyses under market competition (see the second and

third stages) are the same. However, under tax competition (first stage), because environmental

damage is included in W , the FOC for the home government (35) is modified as

0 = ∂W̃/∂t = 2m̃I x̃
∗ −mx̃+ ñI x̃+ m̃E ỹ

∗ + (t− E′(Ỹ ))
∂Ỹ

∂t
.

31For example, consider the case in which t̃ = t̃∗ = 0 without CVDs. Then, (35) implies that the expression
(47) equals −2m̃I x̃

∗ < 0 for t = t∗ = 0; in other words, a marginal decrease in t (a marginal increase in the
production subsidy) increases their own welfare when CVDs are imposed. Thus, if the SOCs are globally met,
the symmetric interior equilibrium tax rate t̃C = t̃∗C must be subject to CVDs, and solving (47) with respect to
t = t∗, this satisfies

t̃C =
(mx̃− ñI x̃)− m̃E ỹ

∗

∂Ỹ /∂t− ỹ∂ñE/∂t
< 0,

which is smaller than t̃ = 0 (i.e., the CVDs yield the production subsidy).
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The additional term −E′(∂Ỹ /∂t) ≥ 0 represents the effect of environmental damage. Accord-

ingly, the condition (36) is modified as

t̃− E′(Ỹ ) =
(mx̃− ñI x̃)− (m̃E ỹ

∗ + 2m̃I x̃
∗)

∂Ỹ /∂t
,

where m̃I = ñI = 0 in the absence of FDI. Thus, as analogs of Propositions 2 and 3, we obtain

the following propositions on the equilibrium (first-stage) emission tax rate (t̃, t̃∗).

Proposition 6 Under emission tax competition in the absence/presence of FDI, t̃ > E′ (t̃∗ >

E′) holds if and only if EI > 1 (EI∗ > 1)/FI > 1 (FI∗ > 1) in the equilibrium. Thus, in the

symmetric interior equilibrium, both countries’ emission tax rates must be lower/can be higher

than the marginal environmental damage.

Regarding the welfare analysis, since ∂W̃ ∗/∂t also includes the additional factor −E′(∂Ỹ ∗/∂t) ≤

0 related to foreign environmental damage, we obtain the following analog of Proposition 4.

Proposition 7 In the symmetric interior market equilibrium, the global optimal (cooperative)

tax rates are t = E′ and t∗ = E′.

The cooperative tax rates should be the marginal environmental damage, and the cases in

which the non-cooperative tax rates are lower or higher than this respectively correspond to the

subsidy and tax cases in the previous sections, which are analyzed without introducing environ-

mental damage (E = 0). In particular, the non-cooperative emission tax rate may necessarily

be higher than the marginal environmental damage in the presence of FDI. Studies have shown

that when applying strategic trade policy to environmental issues, non-cooperative environ-

mental policies are likely to be laxer than the optimum.32 Thus, our results here contribute to

this field by clarifying the conditions under which the opposite relationship holds under mutual

endogenous entry.

7 Concluding remarks

Considering rapid foreign penetration after opening markets, this study investigated tax com-

petition by imposing a subsidy/tax on domestic production between two symmetric countries.

32For a model with fixed numbers of firms, Kennedy (1994) assumes a two-country model as we do and shows
that a government’s incentive to lower the emission tax (rent-capturing effect) basically dominates the opposite
effect (pollution-shifting effect). For a model with endogenous numbers of firms, Bayindir-Upmann (2003) assumes
a third-market model and examines a situation under free entry in one of two countries, showing that non-
cooperative emission tax rates are lower than cooperative emission tax rates. Kayalica and Lahiri (2005) also
examine environmental standards under a third-market model. In their model, one of two exporting countries is
a host country of FDI from outside these two countries. Then, they demonstrate that when the number of FDI
firms is endogenously determined, the host country’s environmental standards are laxer than those in the other
country.
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When domestic incumbents face the free entry of the other country’s firms in each country’s

market, the strategic interdependence under tax competition caused by this mutual endogenous

entry works in a clear-cut way: the production subsidy/tax in the domestic market does not

influence the domestic market price, whereas it does affect the other country’s market price.

Governments thus have an incentive to subsidize the production of domestic firms to protect

their profits—even under the endogenous entry of foreign firms. They also have several incen-

tives to tax domestic production related to the profit through FDI and tax revenue from home

and foreign markets.

We showed that in the absence of FDI, the equilibrium tax rate is always negative (i.e.,

a subsidy) in the symmetric interior case. By contrast, in the presence of FDI, the tax rate

is positive (i.e., a tax) if and only if FI > 1. From the perspective of global welfare, the

equilibrium tax rate is excessively low when the equilibrium tax rate is negative (i.e., a subsidy)

and excessively high when it is positive (i.e., a tax). Therefore, the presence of FDI does not

always alleviate subsidy competition; rather, it accelerates tax competition when FI > 1. For

the past several decades, trade volumes and FDI have been increasing constantly globally. In

this respect, it can be said that the possibility that FI > 1 holds has been increasing.

In this study, we assumed that the production cost (c) does not contribute to welfare. How-

ever, for example, Kayalica and Lahiri (2005) assume unemployment and that production costs

are input costs. Accordingly, those input costs are included in welfare as income. This assump-

tion is important when considering that many countries encourage inward direct investment

partly because of job creation in the real world. However, even if we assume that a proportion

of the production cost in our model is included in welfare as income, the results do not change.

Moreover, with regard to the flexibility of entry/exit decision-making, we made the extreme

assumptions that the number of home firms is exogenous (i.e., the difference in their fixed entry

costs between incumbents and potential entrants is infinity) and that the difference of that

among exporting firms is zero. In future work, it would be important to generalize the flexibility

of entry/exit decisions by introducing non-extreme differences in the fixed costs for home firms

and exporting foreign firms as well as FDI firms. If the difference among home (exporting) firms

is higher (lower) than that in the case of FDI, the results will remain robust.
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Figure 1: Equilibrium outcomes that is simulated in the case where A = 12, a = 1, f = 1, F (j) =
j, C = c = 0 for various m (horizontal axis). The 1st graph depicts the indicator FI at the
symmetric equilibrium. Then, in order, the graphs depict t̃, ñE(m, t̃), ñI(m, t̃), X̃(m, t̃), and
W̃ (m, t̃). The 2nd last and the last graphs depicts the difference between the equilibrium (incor-
porate) and the global welfare-maximizing (corporate) levels of price and welfare, respectively.
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