
Trade Liberalization and FDI in Repair Services under

International Oligopoly∗

Jota Ishikawa†

Hitotsubashi University

Hodaka Morita

University of New South Wales

Hiroshi Mukunoki

Gakushuin University

August, 2006

Abstract

By a duopoly model, this paper examines interaction between trade liberalization

in goods and foreign direct investment (FDI) in repair services. Consumers buy goods

of which a certain fraction becomes broken and useless, and they can repair broken

units by purchasing repair services. When the fixed cost of FDI in repair services is

high, lower import tariff enhances the domestic firm’s entry into the service market

for imports, and the entry reduces trade, benefits the domestic firm, and hurts the

foreign firm and domestic consumers. A service provision of an independent service

organization may reduce imports more. The result suggests that promoting service

FDI is important to guarantee the conventional effects of trade liberalization.

∗We thank Kenzo Abe, Masahiro Ashiya, Taiji Furusawa, Jun-ichiro Ishida, Hiroshi Kinokuni,

Kazuharu Kiyono, Kaz Miyagiwa, Ryosuke Okamoto, Makoto Okamura, Takao Ohkawa, Tetsuo Ono,

Kentaro Tachi, and seminar participants at National Graduate Institute for Policy Studies (GRIPS),

Hitotsubashi University, Osaka University, and the 2006 JEA Spring Meeting for their helpful comments

and suggestions. The usual disclamer applies.
†Corresponding author: Faculty of Economics, Hitotsubashi University, Kunitachi, Tokyo 186-8601,

Japan; Fax: +81-42-580-8882; E-mail: jota@econ.hit-u.ac.jp

1



1 Introduction

International trade between nations usually contains durable goods, such as automobiles,

consumer electronics, furniture, machine tools, bags, shoes, and so on. For those goods,

maintenance services or repair services are essential to keep them fresh and to use them

continuously. Since these services requires communication and a proximity between sup-

pliers and consumers, foreign exporters must establish overseas affiliates to provide the

services to local consumers. In other words, these services require a foreign direct invest-

ments (FDI).1 For instance, Eschenbach and Hoekman (2005) reports that distribution

and repair services account for about 10% to 20% of the stock of inward service FDI in

the Central and Eastern European countries and the South East European countries.

Due to the set-up costs of FDI, however, foreign exporters may refrain from making

service FDIs. As a result, maintenance and repair services of imported goods by the orig-

inal foreign producers may become limited. Under the circumstance, the rival producers

sometimes provide the repair services by utilizing the economies of scope. For instance,

Nidec Sankyo Service Engineering Corp., which is a domestic subsidiary of the Japanese

company, Nidec Sankyo Corp., provides repair and maintenance services for competi-

tors’ machine tools including foreign made one. Daikin Air Conditioning Technology

Co., Ltd. in the People Republic of China, which is a foreign subsidiary of a Japanese

air-conditioning company, Daikin Industry, Ltd., provide maintenance and repair services

for competitors’ products as well as its own products. There are also the cases where

the domestic independent service organizations (ISOs) provide repair services.

Although trade and FDI in services become increasingly important, the international

trade theory has mainly focuses on trade and FDI in commodities, and theoretical analy-

ses that consider trade in services are not so large. For example, Djajić and Kierzkowski

(1989) introduce a labor-intensive service sector in Hecksher-Ohlin model and show that
1Recently, service trade becomes a significant fraction of international transcations. The World Trade

Organization (WTO) reports that exports in services account for 19.3% of the total world exports in

2004 (See WTO, International Trade Statistics 2005). Since trade in services covers a broad range of

international transactions, the GATS classifies them into four modes: (i) cross-border supply (mode

1), (ii) consumption abroad (mode 2), (iii) commercial presence (mode 3), and (iv) presence of natural

persons (mode 4). The service in question in this paper is one of the mode 3 services. Since trade in

services which is provided locally through foreign affiliates are not included in the WTO trade statistics,

the actual value of service trade would be much more larger. Fukao and Ito (2003) estimates the size of

the Japanese trade in services conducted through foreign affiliates.
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the volume and direction of trade is influenced by whether services are traded inter-

nationally. Markusen (1989) and Francois (1990) show in a monopolistic competition

model that producer services increase returns from specialization and liberalization in

the service sectors increases gains from trade. Francois and Wooton (2001) incorpo-

rate a oligopolistic transport sector into a standard trade model and show that firms

in the sector grab a certain fraction of benefits from trade liberalization in goods and

so increase in trade flows and consumers’ and exporters’ gains from trade liberalization

become smaller. Francois and Wooton (2005) assume the sales of imported goods re-

quire the domestic distribution services that are supplied under imperfect competition,

and show that trade volumes and the level of optimal tariff are positively related to the

degree of competitiveness in the service sector. Wong, Wu and Zhang (2006) adopt the

“ideal variety” approach of intra-industry trade and show that service trade liberaliza-

tion between two identical economies may or may not be welfare-enhancing depending

on the degree of pre-trade domestic service liberalization. Papers on service FDI are

also few. In a monopolistic-competition model of intermediate producer services, Raff

and von der Ruhr (2001) investigate the determinants of FDI in producer services, and

Markusen, Rutherford and Tarr (2005) examine the effects of service FDI on the mar-

ket for domestic skilled labour. None of them, however, investigate the effects of trade

policies in goods with endogenous FDI in services.

By focusing on a repair service, this paper investigates the interaction between trade

liberalization in goods and FDI in services, which is overlooked in the existing litera-

ture. We use an international duopoly model where the domestic firm and the foreign

firm compete in the domestic market and the provider of repair services for imports

are endogenously determined. Specifically, we consider the situation in which a certain

fraction of purchased goods become useless.2 We assume the domestic firm already has

the service facilities and the domestically produced good come with full warranty repair

services. Hence, any broken units of the domestic good are always repaired. For the

imported good, however, the broken units remain unrepaired unless service facilities for
2Hence, our model is related to literatures on durable-goods theory (though our model does not

consider time passages directly). Among them, Driskill and Horowitz (1996) and Goering and Pippenger

(2000) examine effects of trade policy under an international durable-good oligopoly, but maintenace

services are not considered in these papers. Mann (1992), Chen and Ross (1993,1998,1999), Ekzubga

and Mills (2001), Morita and Waldman (2004) consider maintenace or repair markets, but all of them

consider a closed economy.
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repairing the good are established. The provision of repair service for imports incurs

both a fixed set-up cost and a variable operation cost. The foreign original producer

can provide repair services in the domestic country by a service FDI. In addition, the

domestic competitor that produces a similar product can also provide the repair services

for imported good.

The result shows that trade liberalization in goods represented by lowering import

tariff may reduce imports, benefit the domestic firm, and hurt the foreign firm when the

changes in market structure of repair services are taken into account. This paradoxi-

cal result does not arise from unprovision nor underprovision of the repair services for

imports. As will be shown, trade liberalization induces the domestic firm’s entry into

the service markets, and she always fixes all broken units of the competitor’s product

in equilibrium. Hence, the domestic firm’s repairs for imports per se benefit consumers.

However, the consumer benefit from repairs is weakened by the decreased amount of

imports. This is because the domestic firm captures all the rents from repairs and the

repairs decrease, rather than increase, the ‘perceived demands’ for the primary good the

foreign firm faces. The effect reduces the foreign firm’s operation profits. In addition,

the domestic firm decreases sales of its own product to expand the size of the repair

market and so the price of the domestically produced good increases. Since the loss from

the weakened competition in the product market outweighs the gains from the increased

availability of the foreign good, consumer becomes worse off with repairs. We will also

show as an extension that even if the domestic service provider is an ISO, its entry re-

duces imports and the foreign firm’s profits as long as it monopolizes the repair market

for imports.

When the foreign firm provides repair services by making a service FDI, on the other

hand, she increases exports since she can now capture the whole rents associated with its

productf. Hence, both the working units of the foreign good and the degree of competition

in the product market increases and so consumers become better off with repairs. We

show, however, that trade liberalization in goods does not necessarily enhance the service

FDI. In order to guarantee conventional consumer benefits and improve the economic

efficiency of the world, FDIs in repair services should be liberalized in tandem with trade

liberalization in goods.

Our result supports the recent efforts of service trade liberalization. For instance, the

Uruguay Round negotiations of General Agreement on Tariffs and Trade (GATT) suc-
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ceeded in establishing the framework of service trade liberalization, that is, the General

Agreements on Trade in Services (GATS). The actual degree of liberalization, however,

has been relatively small. In our model, service trade liberalization means an attempt

to reduce impediments to service FDI. As the conventional theory of FDI suggests, some

cultural barriers or the lack of information make it difficult to operate in foreign coun-

tries. These obstacles seem remarkable in service FDI, since services transactions, such

as after-sales services, require proximity and communication between seller and buyer.

Service FDI can be also deterred by the host country’s regulations. For instance, Peo-

ple’s Republic of China has prohibited provisions of after-sales service including repairs

by foreign firms, before its accession to the WTO. Even if repair services are allowed, a

repair service provider may not secure skilled workers by the regulation on the posting

of workers across borders.

The remainder of the paper is organized as follows. In section 2, we explain the

model and the timing of the game. In section 3, equilibrium in product markets and a

repair market are derived. In section 4, firms’ entry decisions into the service market is

examined, and the effects of tariff reduction and service trade liberalization are explored.

In section 5, we introduces ISOs as potential entrants. In section 6, we summarize and

conclude the paper. Proofs of lemmas and propositions are given in the appendix.

2 Model

We analyze a three-stage duopoly model. The basic framework is based on Chen and

Ross (1998), but we extend their closed-economy monopoly model to an international

duopoly model with horizontal product differentiation. The two firms are the domestic

firm (firm D) that produce good D within the domestic country and the foreign firm

(firm F ) that produces good F within the foreign country. After consumers purchase

goods, some of them are broken and useless. We denote the probability of each good

works correctly as q ∈ (0, 1). Hence, the failure rate is (1 − q).

We assume firm D commits to provide a full warranty for its own product, and so

consumer can repair all broken units with no fee. The repairs of good F , however, must

be paid for and the service can be provided by either the original producer or the rival

producer. Repaired units and unbroken units are perfect substitutes for consumers.

We consider the three-stage game. At stage 1, the two firms simultaneously make
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entry decision into the repair-service market for good F . Note that the entry of firm F

into the service market takes the form of a service FDI. If the firm i ∈ {D,F} enters,

it has to incur a fixed set-up cost Ki that is sunk. These fixed costs contain the cost of

establishing facilities, that of learning know-how of repairing the competitor’s product (if

firm D repairs), and the conventional costs of FDI (if firm F repairs) which reflects the

presumption that it is more difficult for firms to start local business in foreign countries.

We assume KD ≤ KF .

At stage 2, the two firms produce goods and supply them to the domestic market, and

the domestic consumers buy the goods. The utility function of a representative consumer

is given by U(dD, dF , Z) = V (dD, dF ) + Z where di and Z respectively represent the

amount of good i that works correctly and the consumption of a numeraire good. The

function V (dD, dF ) is given by a standard quadratic form as V (dD, dF ) = a (dD + dF )−
(d2

D + d2
F )/2 − bdDdF . We define VD(dD, dF ) ≡ ∂V (dD, dF )/∂dD and VF (dD, dF ) ≡

∂V (dD, dF )/∂dF and assume both firms have the identical marginal cost of producing

goods denoted by c. The domestic government levies a tariff on imports of the foreign

good which is non-negative and denoted by t. The operating profits of firm D and those

of firm F from sales of their primary goods are respectively given by ΠD = [pD − {c +

(1 − q) mL}]xD and ΠF = [pF − (c + t)]xF where pi is the price of good i. Since firm D

must repair all broken units of good D, its expected marginal cost of production is given

by c + (1 − q)mL. We concentrate on the case where consumers always buy both goods.

At stage 3, consumers repair broken units. As is mentioned, broken units of good

D are subject to free repair services by firm D. For good F , if any service facilities are

established at stage 1, consumers can fix broken units of good F by purchasing repair

services. If both firms enter the repair market for good F , they set their repair prices

simultaneously. We assume that there exist economies of scope between repairs and the

production of goods, so each firm has a cost advantage over its rival in repairs of its

own product. Specifically, the marginal cost of repairing its own product is mL is lower

than that of repairing its rival product is mH . Those costs are assumed to be no higher

than the production cost, that is, mL < mH ≤ c. The advantage is also large enough to
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exclude entries of ISOs.3

The operating profits from repair services for good F are respectively given by πD =

(r − mH)xDR and πF = (r − mL)xFR where r is the repair price and xiR is the amount

of fixed units that are repaired by firm i. Note that xR ≡ ∑
xiR ≤ (1 − q)xF and so

dF = qxF + xR ≤ xF .

3 Repair services and product market competition

In this section, we derive the product market and the repair market equilibria given each

firm’s decisions at stage 1. There are four possibilities: (i) the domestic firm’s service

monopoly (the DSM case), (ii) the foreign firm’s service monopoly by the foreign direct

investment in services (the FDI case), (iii) the service duopoly by the domestic firm and

the foreign firm, and (iv) no repair services are provided for imports (the NR case). As

will be seen below, the equilibrium in case (iii) generates the same equilibrium payoffs

as case (ii) for producers and consumers.

3.1 Repair services

First, we consider the case where either or both firms established repair service facilities

for good F . We use the backward induction to derive the sub-game perfect equilibrium.

At stage 3, the consumer maximizes V (xD, qxF + xR) − rxR with respect to xR to

determine the demand for repairs of good F . If VF (xD, qxF +xR) ≥ r when it is evaluated

at xR = (1 − q) xF , the demand for repairs is inelastic and given by xR = (1 − q) xF .

Alternatively, if VF (xD, qxF + xR) < r at xR = (1 − q)xF , only a part of the broken

units is fixed and the demand for repair is given by r = VF (xD, qxF + xR). Rearranging

the equation gives

xR (xD, xF ) = a − r − qxF − bxD. (1)

There are three possibilities as the structure of the repair market for imported goods:

(i) the DSM case (ii) the FDI case, and (iii) both firm provide the services. In case

(i) and (ii), the producer sets r to maximize πi subject to xR ≤ (1 − q) xF . In case
3Our main result would not change when the producers of goods can exploit the profits of ISOs by

selling parts and other intermediates that are indispensable to provide repair services. However, some

striking results are obtained if ISOs are completely free from the producers’ influences. See Section 5 for

details.
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(iii), repair-price competition by the two firms results in the equilibrium repair price as

r = mH > mF , and xDR = 0 and xFR = xR. As Chen and Ross (1998) suggest, we can

confirm that all broken units are repaired in equilibrium.

Lemma 1 When repair services for imports are provided, all broken units are fixed in

equilibrium.

Intuitive explanation is as follows. Since a working unit and a broken unit are perfect

substitutes for consumers, repairing one units of broken foreign goods are the same thing

as buying one extra units of new foreign goods. By firm F ’s optimization at stage 2, the

expected marginal revenue and the marginal cost of selling new goods, c + t, coincide

at xF . Since we assume repaired units are never broken, the marginal revenue from

repairing broken units exceeds marginal revenue from selling new units, and so it always

exceeds c + t for 0 ≤ xR ≤ (1 − q) xF . Because mL < mH ≤ c + t, the marginal revenue

of repairs always exceeds the marginal cost and the service monopolist sets the repair

price which is low enough to make consumers repair all the broken units. Under service

duopoly, the race to the bottom of repair price competition makes the equilibrium price

much lower, and so all broken units are fixed as well.

At stage 2, the consumer anticipates that repair price r are set to satisfy xR =

(1 − q) xF at stage 3, and so she maximizes V (xD, qxF + (1 − q)xF ) + Z subject to

I ≥ pDxD + {pF + r (1 − q)}xF where I represents the income of the representative

consumer. The first-order condition yields the inverse demand function of each good

given by

pD = VD(xD, xF ) = a − xD − bxF , (2)

pF + (1 − q) r = VF (xD, xF ) = a − xF − bxD. (3)

The left-hand side of (3) represents the ‘full price’ that the consumer must pay to consume

xF units of good F . In what follows, we derive the equilibrium of the product market

given the structure of the repair market.

3.1.1 Service monopoly by the domestic producer (DSM)

When firm D monopolizes the repair market for good F , it will repair all broken units

(xR = (1 − q)xF ) and set the maximum price given VF (xD, qxF + xR) ≥ r at stage

3. Hence, the repair price is given by r = VF (xD, xF ). Hence, the inverse demand
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for imports becomes pF = qVF (xD, xF ) by (3). In Figure 1, the demand for imports

with monopoly repairs is depicted by the solid line, where the dotted line represents

the full demand for good D, pF + (1 − q) r = VF (xD, xF ). Given xD, consumers pay

pF = qVF (xD, xF ) in the product market and (1 − q) r = (1 − q)VF (xD, xF ) in the

repair market to consumer xF amount of good F .

[Figure 1 around here]

By monopolizing the repair service, firm D earns (1 − q) VF of revenues per unit of

imports, and firm F earns qVF of those. Then, firm D sets xD to maximize ΠD + πD =

[pD −{c + (1 − q)mL}]xD + (r−mH) (1 − q) xF = [VD(xD, xF )−{c + (1 − q)mL}]xD +

{VF (xD, xF )− mH} (1 − q)xF , and firm F sets xF to maximize ΠF = {qVF (xD, qxF ) −
(c + t)}xF .

By the first-order condition, the optimal xD satisfies VD(xD, xF )+{∂VD(xD, xF )/∂xD}
xD + (1 − q){∂VF (xD, xF )/∂xD}xF = c + (1 − q) (mL + mH). The first and the second

term of the left-hand side of the equation is the marginal revenue of selling its own good,

and the third-term represents the decline in revenue since increase in xD lowers the repair

price. The right-hand side represents the expected marginal cost. On the other hand,

firm F sets xF so that the expected marginal revenue of selling goods is equal to the

marginal cost, that is, q[VF (xD, xF ) + {∂VF (xD, xF )/∂xF }xF ] = c + t. Even though all

broken units of good F are fixed, the repairs are done by the competitor and so firm F

cannot capture the overall profits from selling xF . Hence, a fraction of profits remains

‘broken’ for firm F in this situation.

Solving the first-order conditions yield the equilibrium sales as

xDSM
D =

2{a − c − (1 − q) mL}q − ab
(
2 − q2

)
+ (2 − q) b (c + t)

{4 − (2 − q) b2}q , (4)

xDSM
F =

{a (2 − b) + bc}q + bq (1 − q)mL − 2 (c + t)
{4 − (2 − q) b2}q . (5)

To guarantee xDSM
D > 0 and xDSM

F > 0, we assume the following inequalities are satisfied:

a > a = c + (1 − q)mL,

a (2 − b) q

(2 − qb)
≡ c > c,

a (2 − b) q − (2 − qb) c + bq (1 − q)mL

2
≡ t > t. (6)

Namely, production cost, repair cost, and tariff rate are assumed to be not so high. The

equilibrium operating profits (that is, the profits gross of fixed set-up cost of service
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facilities) are given by

ΠDSM
D + πDSM

D =
(
xDSM

D

)2
+ (1 − q)

(
xDSM

F

)2

+
(

c + t

q
− mH

)
(1 − q) xDSM

F + (1 − q) b
(
xDSM

D

) (
xDSM

F

)
, (7)

ΠDSM
F = q

(
xDSM

F

)2
(8)

where firm D’s net profits are given by ΠDSM
D +πDSM

D −KD. The first-term of (7) repre-

sents firm D’s profits from selling its own good. The equilibrium can be interpreted as if

firm F sells qxF and firm D sells (1− q)xF with different costs. Hence, the second term

and the third term respectively represents the ‘dividend effect’ and the ’cost-reducing

effect’ of providing a repair service. In addition, since firm D takes into account that an

increase in xD reduces profits from repair services by decreasing the size of the repair

market and the repair price, the firm has an incentive to set xD below the level that

is optimal when the firm does not providing the repair service. The situation can be

considered as if the producer and the repairer of its competitor’s product colluded to

increase their joint profits. This ‘self-collusion effect’ is reflected in the fourth term of

(7).

The equilibrium consumer surplus and the tariff revenue are respectively given by

CSDSM =
(xDSM

D )2 + (xDSM
F )2

2
+ b(xDSM

D )(xDSM
F ) (9)

TRDSM = txDSM
F . (10)

The domestic welfare becomes W DSM
D = CSDSM + TRDSM + ΠDSM

D + πDSM
D − KD.

3.1.2 Service provision by the original producer (FDI)

When only firm F provides repair services for good F , it sets r = VF (xD, xF ) in the

repair market at stage 3 and so the demand for imports becomes pF = qVF (xD, xF ).

At stage 2, firm D sets xD to maximize ΠD = [VD(xD, xF ) − {c + (1 − q) mL}]xD and

firm F sets xF to maximize ΠF + πF = [pF + (1 − q) r − {c + t + (1 − q)mL}]xF =

[VF (xD, xF )−{c + t + (1 − q)mL}]xF . Now firm F can capture all the rents concerning

good F and earn the per unit revenue of VF (xD, xF ) by suppling xF , which is depicted

by the dotted line in Figure 1.
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The first-order conditions yields the equilibrium sales as

xFDI
D =

(2 − b) {a − c − (1 − q)mL} + bt

4 − b2
, (11)

xFDI
F =

(2 − b) {a − c − (1 − q)mL} − 2t

4 − b2
. (12)

We can verify that xFDI
D > 0 and xFDI

F > 0 as long as (6) is satisfied. The equilibrium

operating profits are given by

ΠFDI
D =

(
xFDI

D

)2
, ΠFDI

F + πFDI
F =

(
xFDI

F

)2
. (13)

The foreign firm’s net profits are given by ΠFDI
F +πFDI

F −KF . The equilibrium consumer

surplus, the tariff revenue, and the domestic welfare are respectively given by

CSFDI =
(xFDI

D )2 + (xFDI
F )2

2
+ b(xFDI

D )(xFDI
F ), (14)

TRFDI = txFDI
F . (15)

The domestic welfare is given by W FDI
D = CSFDI + TRFDI + ΠFDI

D .

Alternatively, when both firm D and firm F establish the service facilities for good

F , firm F sets r = mH . Hence, pF = VF (xD, xF ) − (1 − q) mD. Firm F ’s optimization

problem is setting xF to maximize ΠF +πF = [pF +(1 − q)mD−{c+t+(1 − q) mF}]xF =

[VF (xD, xF ) − {c + t + (1 − q) mF}]xF . Since the objective function is the same as the

foreign monopoly case, the equilibrium sales of each firm are given by (11) and (12) and

the consumer surplus and the tariff revenue also become the same. In the repair market,

the repair price decreases and it per se benefits consumer and hurts firm F . Firm F ,

however, is able to compensate for the loss by raising the product price. Thus, firm D’s

entry when firm F already supplies the repair service has no effect on the overall operating

profits nor the consumer surplus. As long as service facilities must be established before

they sell the products, it does not affect the entry decisions of the two firms at stage 1.4

3.2 No repair services for good F (NR)

The remaining case is that neither firm D nor firm F establishes service facilities for

good F at stage 1. In this case, broken units of good F become scraps and so dF = qxF .
4If the entry decisions are done after firms sold products, the equilibrium can be different. In particu-

lar, if set-up costs are not sunk, the repair price can be a tool to deter entry and the strategic interaction

between the two firms becomed more complicated.
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In stage 2, the consumer maximize V (xD, qxF ) +Z subject to I ≥ pDxD + pF xF . The

first-order condition yields demands for each product given by

pD = VD(xD, qxF ) = a − xD − bqxF , (16)

pF = qVF (xD, qxF ) = q (a − qxF − bxD) . (17)

Since a fraction of the foreign goods becomes useless, the demand for the foreign good

depends on the ‘expected’ marginal utility represented by qVF (xD, qxF ). We have

∂{qVF (xD, xF )}/∂xF = −q < ∂{qVF (xD, qxF )/∂xF = −q2, so the inverse demand curve

for imports without repairs is flatter than that with monopoly repairs, which is depicted

by the solid line in Figure 2. When broken units remains unrepaired, consumers an-

ticipate that the actual amount of the foreign good they consume is smaller than the

amount they purchase. Hence, the degree of an decrease in their marginal utilities by an

increase in xF becomes smaller than the decrease with repairs and so the slope of the

demand curve is flatter.

[Figure 2 around here]

Given the inverse demand functions, firm D and firm F maximize ΠD = [VD(xD, qxF )−
{c + (1 − q) mL}]xD and ΠF = {qVF (xD, qxF ) − (c + t)}xF with respect to xD and xF

respectively. The first-order condition becomes VD(xD, qxF ) + ∂VD(xD, qxF )/∂xD = c

and q{VF (xD, qxF ) + ∂VF (xD, qxF )/∂xF} = c + t. The equilibrium sales are given by

xNR
D = xDSM

D +
2b (1 − q)

{4 − (2 − q) b2}xNR
F

=
{a (2 − b) − 2c}q − 2q (1 − q)mL + b (c + t)

(4 − b2) q
, (18)

xNR
F =

{4 − (2 − q) b2}
(4 − b2) q

xDSM
F

=
{a (2 − b) + bc}q + bq (1 − q)mL − 2 (c + t)

(4 − b2) q
. (19)

Note that xNR
D > 0, xNR

F > 0 as long as (6) is satisfied. We have ∂xNR
D /∂t > 0 and

∂xNR
D /∂t < 0. In equilibrium, the profits of each firm are given by

ΠNR
D =

(
xNR

D

)2
, ΠNR

F =
(
qxNR

F

)2
. (20)

The consumer surplus, and the tariff revenue are respectively given by

CSNR =
(xNR

D )2 + (qxNR
F )2

2
+ b(xNR

D )(qxNR
F ), (21)

TRNR = txNR
F . (22)
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The domestic welfare becomes W NR
D = CSNR + TRNR + ΠNR

D .

3.3 Comparison

Before investigating the two firms’ entry decisions into the service market, we first com-

pare the three equilibria. Firstly, we compare the effects of trade liberalization in each

regime, which is represented by the reduction of t. We have the following proposition.

Proposition 1 Given the structure of the repair market, a tariff reduction always ben-

efits firm F and consumers. A tariff reduction may benefit firm D in the DSM case,

though it always hurts firm D in the NR case and the FDI case.

Hence, trade liberalization has the conventional effects when the foreign original

producer provides repair services or there are no repair services. When the domestic

producer provides the repair services, the liberalization can either increase or decrease

its profits. For firm D, trade liberalization has two opposite effects when it monopolizes

the repair market. On one hand, it decreases xDSM
D and so profits from selling its own

product decline, but it increases xDSM
F and raises profits from repairing services on the

other hand. Thus, the domestic firm can either be better off or worse off by trade

liberalization, depending on the magnitudes of the two effects. It is likely to become

better off when c is large relative to mH , and b, and q are small (see the proof of

Proposition 1 given in the appendix). Consumers and firm F benefit from the trade

liberalization in all regimes. Since the tariff has a rent-shifting effect under international

oligopoly, trade liberalization can either increases or decreases the domestic welfare.

Next, we compare sales, profits, and consumer surplus in three equilibria when eval-

uated at the same tariff rate. As for the equilibrium sales, we have the following propo-

sition.

Proposition 2 Given t, xDSM
F < xNR

F , qxNR
F < min[xDSM

F , xFDI
F ], and max[xDSM

D , xFDI
D ] <

xNR
D , .

Proof. By (4), it is clear that xDSM
D < xNR

D and xDSM
F < xNR

F is satisfied. By (18),

(19), (11) and (12). xNR
D − xFDI

D = (1 − q) b (c − qmL + t) /{(4 − b2
)
q} > 0, xDSM

F −
qxNR

F = (1 − q) qb2xNR
F /{4 − (2 − q) b2} > 0, and xFDI

F − qxNR
F = 2 (1 − q) (c − qmF +

t)/{(4 − b2
)
q} > 0.

13



The amount of imports is lower with firm D’s repairs than that without repairs. As

is discussed in Section 3.2, the price sensitivity of import demand without repairs is

larger than that with repairs. The difference induces firm F to make relatively larger

exports without repairs. Although a risk of being broken-down also reduces the market

size of good F , only the former effect matters for firm F when firm D monopolizes repair

services and so the benefits from a market-size increase are wholly captured by the

competitor. In other words, no repairs and repairs by the rival firm are the same for firm

F , in that she cannot capture possible profits associate with broken units, (1 − q)xF .

They are different, however, for consumers and so the demand for the primary goods

are reduced with repairs though the overall demand that includes demand for repairs

is increased. When firm F provides repair services, on the other hand, whether they

increase or decrease imports are ambiguous. As for sales by the domestic firm, they are

lower with repairs than those without repairs, because repairs increase the amount of

working units of good F .

As for each firm’s profits, the following rankings are obtained.

Proposition 3 Given t, ΠFDI
D < ΠNR

D < ΠDSM
D + πDSM

D and ΠDSM
F < ΠNR

F < ΠFDI
F +

πFDI
F .

The operating profits of each firm are highest if it monopolizes the repair service,

and lowest if its competitor monopolizes the service. Since the equilibrium payoffs under

a service duopoly are the same as those under firm F ’s service monopoly, firm F gains

and firm D lose in operating profits when both firms set up service facilities.

As for the consumer surplus, it is largest under the FDI case. Between the two

remaining regimes, consumer surplus under the NR case is larger than that under the

DSM case.

Proposition 4 Given t, CSDSM < CSNR < CSFDI.

Compared to the NR case, service FDI by firm F increases the working units of good

F and has a pro-competitive effect in the product market. The service monopoly by firm

D, on the other hand, increases the working units of good F but deters competition in

the product market. This is because firm D can now earn profits in the product F market

through repair services and thereby she accommodates imports by reducing supplies of

good D. This self-collusion effect increases price of good D and it offsets the benefits

14



from the increased availability of the foreign working units. Hence, consumers become

better off with firm F ’s repairs but they become worse off with firm D’s repairs..

4 Entry into the service market

We now describe the equilibrium at stage 1. Firm D’s gains in operating profits from

monopolizing the service market is given by

ΔΠD ≡ ΠDSM
D + πDSM

D − ΠNR
D . (23)

Note that ΔΠD = 0 with t = t. When firm D does not establish service facilities, firm

F ’s gains in operating profits from monopolizing the service market is

ΔΠ′
F ≡ ΠFDI

F + πFDI
F − ΠNR

F . (24)

If firm D monopolized repair services, the firm F ’s operating profits are declined to

ΠDSM
F if she does not enter. Then, firm F ’s gains from entry become

ΔΠ′′
F ≡ ΠFDI

F + πFDI
F − ΠDSM

F . (25)

Since ΠDSM
F < ΠNR

F , ΔΠ′
F < ΔΠ′′

F . It can be confirmed that ΔΠD, ΔΠ′
F , and ΔΠ′′

F

have the following properties.

Lemma 2 (i) ∂(ΔΠD)/∂t < 0. (ii) ∂(ΔΠ′
F )/∂t and/or ∂(ΔΠ′′

F )/∂t are inverse U-

shaped curves in t ∈ [0, t) if mF is large and c is small enough. Otherwise, ∂(ΔΠ′
F )/∂t ≤

0 and/or ∂(ΔΠ′′
F )/∂t ≤ 0.

The lemma indicates that when firm F does not enter the service market, the firm

D’s gains from entry become larger as trade liberalization proceeds. The firm F ’s gains

from entry, on the other hand, may or may not increase with a tariff reduction. Since the

price sensitivity of demand for good F is larger without repairs than that with repairs.

Hence, the degree of the increase in xF by the tariff reduction is larger without service

FDI. Although trade liberalization also increases the size of the repair market as well

as gains from repair services, the reduced gains by the smaller increase in exports may

dominate it so that trade liberalization may undermine firm F ’s entry. The case is likely

to occur when the tariff is small, the cost of production is small, and the cost of repair

is high.
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Now we derive the possible equilibria. Firstly, we consider firm D’s strategy and its

relation to the tariff rate. Remember that under the service duopoly, firm D cannot

earn positive profits in the service market and the equilibrium profits of firm F are the

same as those under the service monopoly by the firm. Hence, firm D enters the service

market if and only if firm F does not enter. When KD < ΔΠD|t=0, there exists a unique

cut-off value of t, t̂D, that satisfies

ΔΠD

⎧⎪⎪⎨
⎪⎪⎩

> KD for t ∈ [0, t̂D)

= KD for t = t̂D

< KD for t ∈ (t̂D, t)

. (26)

When ΔΠD|t=0 ≤ KD we set t̂D = 0. Hence, firm D’s strategy is entering if firm F does

not choose entering and t ∈ [0, t̂D), and not entering otherwise.

Next, let

ΔΠF =

⎧⎨
⎩ ΔΠ′′

F for t ∈ [0, t̂D)

ΔΠ′
F for t ∈ [t̂D, t)

denote the firm F ’s gains in operating profits from providing repair services given firm

D’s actions. Let us also denote tmax
F = argmaxt∈[0.t)ΔΠF . If ΔΠF is decreasing in t,

tmax
F = 0, and if ΔΠF is inverse U-shaped in t, tmax

F ∈ (0, t). When tmax
F is positive and

KF < ΔΠD|t=tmax
F

, there exists t̂LF < t̂HF such that

ΔΠF

⎧⎪⎪⎨
⎪⎪⎩

> KF for t ∈ (t̂LF , t̂HF )

= KF for t = t̂LF or t = t̂HF

< KF for t ∈ [0, t̂LF ) or t ∈ (t̂HF , t)

. (27)

When tmax
F = 0 and KF < ΔΠF |t=tmax

F
, we set t̂LF = 0 and when ΔΠF |t=tmax

F
≤ KF we set

t̂LF = t̂HF = 0. By this manipulation, we can use (27) in any states to derive equilibrium.

Specifically, firm F ’s strategy is entering if t ∈ (t̂LF , t̂HF ) and is not entering otherwise.

There are three possible Nash equilibria of the entry game.

Proposition 5 In equilibrium, (i) the domestic firm monopolizes the service market if

either t̂HF ≤ t < t̂D or 0 ≤ t < min[t̂D, t̂LF ] is satisfied, (ii) the foreign firm monopolizes

the service market if t̂LF < t < t̂HF is satisfied, (iii) neither of the two firms enters the

service market if either max[t̂HF , t̂HF ] ≤ t or t̂D ≤ t < t̂LF is satisfied.
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Given KD, the possible equilibrium outcomes in the (t,KF ) space are depicted in

Figure 3.5 No repair services becomes the equilibrium outcome when t and KF are high

(shown as the region ‘NR’ in the figure). When t is not so high, a service monopoly

by firm D can be the equilibrium outcome and it is more likely when KF is high (the

region ‘DSM’). Otherwise, a service FDI by firm F is the equilibrium outcome (the region

‘FDI’).

[Figure 3 around here]

Now we examine the effects of trade liberalization in commodities represented by

a decline in t and trade liberalization in services represented by a decline in KF , given

that they can change the equilibrium market structure of the service sector. For instance,

suppose KF = K̂F in Figure 3. In this case, t̂LF = 0 < t̂HF < t̂D < t and a successive

decline in t from t to zero changes the equilibrium outcomes from no services (NR) to firm

D’s service monopoly (DSM), and then from firm D’s service monopoly to service FDI

by firm F . In figure 4, we present a numerical example of this case. We set parameters

as a = 20, b = 0.5, c = 5, q = 0.5, mH = 2, mF = 1, KD = 10, KF = 26. Under these

parameter values, the cut-off values of tariffs become t̂LF = 0, t̂HF = 0.58302, t̂D = 1.775,

and t = 3.1875.

[Figure 4 around here]

As is shown in the figure, when the initial tariff is high enough (t ∈ (t̂D, t)) and so ini-

tially repair services are not provided, trade liberalization from t to t′ ∈ (t̂HF , t̂D] induces

the entry into the repair market by firm D. Although the standard trade liberalization

effect increases imports, consumer surplus, and firm F ’s profit, the change in the market

structure has the opposite effects as is proved by Propositions 2, 3 and 4. Thus, a trade

liberalization in appearance may works as a import protection in practice when the de-

gree of tariff decline is small and so the entry effect of firm D is relatively important.

Since firm D gains from the entry, and the trade liberalization effect may increase firm

D’s profit for t ∈ (t̂HF , t̂D] (see Proposition 1), trade liberalization can benefit firm D. In

addition, since ΔΠD −KD = 0, CSDSM < CSNR and xDSM
F < xNR

F , and ΠDSM
F < ΠNR

F

at t = t̂D, the entry effect reduces the domestic welfare as well as the world welfare. We

have the following proposition.
5To include all possible cases in the figure, the case in which both ΔΠ′

F and ΔΠ′′
F are inverse U-shaped

curves is employed.
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Proposition 6 A tariff reduction may reduce imports, benefit the domestic firm, and

hurt consumers and the foreign firm when the degree of tariff reduction is small and the

reduction induces entry of the domestic firm into the service market. It may also worsen

the domestic welfare and world welfare.

To avoid the ‘pitfall’ of trade liberalization, the foreign firm’s service FDI should

be promoted. In some case, a large tariff reduction encourages the service FDI as is

the above example. In general, however, it is ambiguous whether trade liberalization in

goods promotes or hampers the service FDI. The latter is the case when mF is large

and c is small so that ΔΠF is an inverse U-shaped curve, and KF is relatively high to

satisfy ΔΠF |t=0 < KF . In this case, t̂LF is positive and a trade liberalization from above

and near t̂LF may discourage service FDI and encourage the rival’s entry or no service

provisions. To avoid such a situation, KF should be lowered to make service FDI more

attractive for firm F . In particular, sufficient liberalization in the service FDI guarantees

the conventional effects of trade liberalization as the following corollary states.

Corollary 1 When KF < mint∈[0,t) ΔΠF , the foreign firm always makes a service FDI.

5 Repair services by an independent service organization

So far, we have assumed that only firms that produce goods can provide repair services

for imports. In reality, however, there are cases where independent service organizations

(ISOs) are providing repair services. In this section, we derive the equilibrium where an

ISO provides repair services and compare it with the above three cases.

To make clear comparisons, we suppose the ISO has the same technology of repairs as

firm D’s: that is, the unit cost of repairs and the fixed entry cost is given by mH and KD

respectively. As above, it will set r = VF (xD, xF ) at stage 3 and all broken units are re-

paired in equilibrium. The inverse demand for imports becomes pF = qVF (xD, xF ) by (3).

The equilibrium profits of the ISO are given by πISO = {VF (xD, xF ) − mH} (1 − q) xF .

At stage 2, firm D sets xD to maximize ΠD = [VD(xD, xF ) − {c + (1 − q) mL}]xD and

firm F sets xF to maximize ΠF = [qVF (xD, xF ) − (c + t)]xF . By solving the first-order

conditions, we obtain the equilibrium sales as

xISO
D = xNR

D , xISO
F = qxNR

F . (28)
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The equilibrium profits of each firm are given by ΠISO
D = ΠNR

F , ΠISO
F = q2ΠNR

F , πISO =

{VF (xISO
D , xISO

F ) − mH} (1 − q)xISO
F . The consumer surplus, and the tariff revenue are

respectively given by CSISO = CSNR, TRISO = qTRNR. Surprisingly, monopolistic

service provision by an ISO results in the smaller amount of imports than the amount

without repair services, though the domestic sales and the post-repair amount of the

foreign good are unchanged between the two regimes. Furthermore, since xISO
F = qxNR

F <

xDSM
F by (2), the volume of imports are lower than that the domestic firm’s service

monopoly. We have the following proposition.

Proposition 7 Given the tariff level, a change from no repair services to monopolistic

service provisions by the ISO has no effects on the profits of the domestic firm nor

consumer surplus. The foreign firm, on the other hand, becomes worse off and its profits

are lower than the DSM case.

As in the DSM case, the ‘perceived’ demand for imports that firm F faces in the ISO

case is 1/q times smaller than that in the NR case. Hence, xISO
F = qxNR

F is satisfied. In

the ISO case, on the other hand, all broken units of xISO
F are repaired and so it coincides

with the volume of consumption of good F . Since the amount of good F that works

correctly is unchanged and so firm D’s optimal supply is also unchanged. Note that in

the DSM case, firm D makes profits from the repair market and so it has an incentive

to reduce xD at xD = xISO
D in order to expand the repair market and increase profits

there. Hence, the amount of xD is higher in the ISO case than in the DSM case, and so

the equilibrium amount of its substitute, xF , is lower in the ISO case than in the DSM

case.

The result suggests that as long as the repair market is monopolized, repair services

for durable goods by a non-original producer hurts the original producer.6 The damage

is smaller, rather than larger, when the competitor in the product market provides the

services since it weakens the product market competition.

The presence of ISOs also changes the equilibrium entry patterns in the repair market.

When there are no entries, an ISO enters if πISO ≥ KD. If the original goods producers

or other ISOs choose entry, the ISO never enter since it cannot earn positive profits. Let
6Even if there are no fixed costs of entry and ISOs realize perfect competition in the repair market,

no repairs dominate repairs by ISOs for firm F when ISOs have cost disadvantage in repairs and so the

equilibrium price of repairs is high.
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t̂ISO be the tariff level that satisfy πISO = KD. Since ∂πISO/∂t < 0, the ISO enters only

if t < t̂ISO. In addition, ΔΠD > πISO means t̂ISO < t̂D. Hence, multiple equilibria of the

DMS case and the ISO case emerge if either t̂HF ≤ t̂ISO ≤ t < t̂D or 0 ≤ t < min[t̂ISO, t̂LF ]

is satisfied.7 This indicates that smaller import tariff may bring about the entry by an

ISO, which is the worst situation for the foreign firm.

6 Conclusion

Using a duopoly model with horizontal product differentiation, this paper examines in-

teraction between trade liberalization in commodities and FDI in services. Our focus is

on the repair services for imports, that can be provided either by the foreign original

producer or by the domestic rival producer.

When the fixed cost of FDI in repair services is high, a lower import tariff enhances

the domestic firm’s entry into the service market for the foreign good, and the entry

benefits the domestic firm since the domestic firm can now ’supplies’ a certain fraction

of the foreign good through repairs. Since repaired goods and new goods are perfect

substitutes, the domestic firm’s repairs hurts the foreign firm. Furthermore, since the

domestic firm reduces supplies of her own good and increases its price to expand repair

markets (the ‘self-collusion’ in the two markets), consumer becomes worse off compared

to the case without repairs. The FDI in repair services by the original producer, on the

other hand, encourages competition in the product market and benefits consumers and

the foreign firm. Trade liberalization in goods, however, does not necessarily encourage

the service FDI unless the set-up cost is low enough.

These results indicates the importance of trade liberalization in services. The lib-

eralization not only has a direct effect of reducing costs, but also an additional effect

that reduces possibilities of some extraordinary consequences of trade liberalization in

commodities and sustains the ongoing process of multilateral trade liberalization in the

world.

There are some directions to extend our analysis. For instance, our result indicates

that a tariff-jumping FDI in production may make consumers worse off by inviting the

domestic firm’s entry into the repair market. To guarantee consumer’s benefits, a service
7Since ΔΠ′′′

F ≡ ΠF DI
F + πF DI

F − ΠISO
F > ΔΠ′′

F , �tH
F is higher and �tL

F is lower with �tISO ≤ t than those

without possible entries of ISOs.
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FDI should accompany a tariff-jumping FDI. Considering the problem of parallel imports

is an interesting extension since production firms sometimes refuse to repair goods sold

by unauthorized distributers. Our result suggest such a refusal to repair may increase,

rather than decrease, parallel imports.

Appendix

Proof of Lemma 1

Suppose the repair market is monopolized. At stage 3, the firm’s maximization problem

is as follows:

max
r

(r − mk)xR s.t. xR ≤ (1 − q)xF

where k ∈ {H,L}. Let the Lagrangian function as L = (r − mk) xR+λ ((1− q) xF − xR)

where λ is the Lagrangian multiplier. The first-order conditions are

2r − a + qxD + bqxF = mk + λ;

(1 − q)xF − xR ≥ 0;λ ≥ 0;λ [(1− q) xF − xR] = 0.

Suppose λ = 0. In this case, the optimal repair price and the optimal amount of repairs

become

r (xD, xF ) =
a + mk − qxD − bqxF

2
,

xR (xD, xF ) =
a − mk − qxD − bqxF

2
.

At stage 2, the consumer’s maximization problem is maxxD,xF
V (xD, qxF +xR (xD, xF ))

+Z subject to pDxD + pF xF + rxR (xD, xF ) ≤ I. The first-order conditions yields

pD = VD(xD, qxF + xR (xD, xF )), pF = qVF (xD, qxF + xR (xD, xF )). When only firm D

supplies repair services, firms’ maximization problems are

max
xD

ΠD + πD = (pD − c − (1 − q)mL) xD + {r (xD, xF ) − mH}xR (xD, yF ) ,

max
xF

ΠF = {pF − (c + t)}xF .
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By the first-order conditions, we have the equilibrium supplies denoted as x′′
D and x′′

F .

Let Ωd ≡ (1 − q) x′′
F − xR (x′′

D, x′′
F ) denote the amount of unfixed broken units. We have

∂Ωd

∂a
= −

(
6 − 9q + 4q2

) (
4 − 2b − b2

)
2{(16− 13b2) (1 − q) + 2b2q + 8q2 (1 − b2)} < 0,

∂Ωd

∂mL
= − b (1 − q)

(
6 − 9q + 4q2

)
(16 − 13b2) (1 − q) + 2b2q + 8q2 (1 − b2)

< 0,

∂Ωd

∂mH
=

6
(
4 − b2

) − (
20 + b2

)
q + 8q2

2{(16− 13b2) (1 − q) + 2b2q + 8q2 (1 − b2)} > 0,

∂Ωd

∂t
= − (8 − 5b2) − 2

(
2 − b2

)
q

(16 − 13b2) (1 − q) + 2b2q + 8q2 (1 − b2)
< 0.

Since ∂2Ωd/∂k∂l = 0 for k, l ∈ {a,mL,mH , c, t}, 0 ≤ mL < mH ≤ c < a and t ≥ 0,

Ωd < Ωd|a=mH=c,t=mL=0 = − 2 (1 − q) {4 − 3b2 + 2 (1 − q)
(
2 − b2

)}c
2{(16− 13b2) (1 − q) + 2b2q + 8q2 (1 − b2)} < 0

and it contradicts the supposition that the domestic producer does not repair all broken

units. Alternatively, when only firm F supplies repair services, the firms’ maximization

problems are

max
xD

πD = (pD − c − (1 − q) mL)xD,

max
xF

ΠF + πF = {pF − (c + t)}xF + {r (xD, xF ) − mL}xR (xD, yF ) .

By solving the first-order conditions, we have the equilibrium supply of each good, which

is respectively denoted as x′
D and x′

F . Let Ωf ≡ (1 − q) x′
F − xR (x′

D, x′
F ) denote the

amount of unfixed broken units. We have

∂Ωf

∂a
= − (2 − q) (3 − 2q)

(
4 − 2b − b2

)
2{(16 − 9b2) (1 − q) + 2b2q + 4q2 (1 − b2)} < 0,

∂Ωf

∂mL
=

6
(
4 − 2b − b2

) − (
12 − 26b − b2

)
q − 2b (9 + b) q2 + 4bq3

2{(16− 9b2) (1 − q) + 2b2q + 4q2 (1 − b2)} > 0,

∂Ωf

∂t
= − 8 − 4q − 3b2

2{(16 − 9b2) (1 − q) + 2b2q + 4q2 (1 − b2)} < 0.

Since ∂2Ωd/∂k∂l = 0 for k, l ∈ {a,mL, c, t}, mL < c < a and t ≥ 0,

Ωf < Ωf |a=mL=c,t=0 = −(1 − q)
(
8 + 6b − 3b2 − (4 + 7b) q + 2bq2

)
c

{(16 − 9b2) (1 − q) + 2b2q + 4q2 (1 − b2)} < 0.

Hence, (1 − q)x′
F < xR (x′

D, x′
F ) and it contradicts the supposition that the foreign

producer does not repair all broken units at stage 3.
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When both firms enter and compete in service prices, the equilibrium service price

becomes r = mH and the broken units are repaired by the foreign producer. By

(11) and (12), the equilibrium repair price under service monopoly by the foreign firm

is r(xFDI
D , xFDI

F ). We have ∂r(xFDI
D , xFDI

F )/∂mH = 0 and ∂r(xFDI
D , xFDI

F )/∂mL =

(1 − q) (1 + b) / (2 + b) > 0. Since 0 ≤ mL ≤ mH ≤ c,

r(xFDI
D , xFDI

F ) − mH ≥ r(xFDI
D , xFDI

F )
∣∣
mL=0

− c

=
(a − c) (2 − b) +

(
2 − b2

)
t

(4 − b2)
> 0.

Hence, r(xFDI
D , xFDI

F ) > mH and so consumers repair all the broken units.

When an ISO monopolizes the repair market, firms’ maximization problems are

maxxD
ΠD = {pD − c − (1 − q)mL}xD and maxxF

ΠF = {pF − (c + t)}xF . The first-

order condition yields the equilibrium supplies of each firm as x′′′
D, x′′′

F . As above, let

ΩISO ≡ (1 − q) x′′′
F − xR (x′′′

D, x′′′
F ) denote the amount of imports that remain unrepaired.

We have

∂ΩISO

∂a
= −

(
6 − 9q + 4q2

) (
4 − 2b − b2

)
2{(1 − q) (16 − 9b2) + 3b2q + 8q2 (1 − b2)} < 0,

∂ΩISO

∂mH
=

3{8 (1 − q) − 2b2 + b2q} + 4q
(
1 − b2q

)
+ 8q2

2{(1 − q) (16 − 9b2) + 3b2q + 8q2 (1 − b2)} > 0,

∂ΩISO

∂t
= − 8 − 4q − 3b2

(1 − q) (16 − 9b2) + 3b2q + 8q2 (1 − b2)
< 0,

and so

ΩISO < ΩISO|a=c+(1−q)mL,mH=0,t=0

= −(1 − q) {(16 − 6b2 − 8q
)
c +

(
6 − 9q + 4q2

) (
4 − b2

)
mL}

2{(1 − q) (16 − 9b2) + 3b2q + 8q2 (1 − b2)} < 0.

Hence, (1 − q) x′′′
F < xR(x′′′

D, x′′′
F ) and it contradicts the supposition that (1− q) xF > xR.

Proof of Proposition 2

Suppose firm D provides the repair services. As for the profits of firm D, we have

∂(ΠDSM
D + πDSM

D )
∂t

=
2B1

{4 − (2 − q) b2}2q2

where B1 = abq (2 − 2b + qb)−2qb (1 − q)mL+q (1 − q) {4−(2 − q) b2}mH−{4 (1 − q)
(
1 − b2

)
+

(2 − bq) bq}c − γt and γ ≡ 4 (1 − q)
(
1 − b2

) − b2q2. We have γ ≥ 0 if q and b are small
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enough to satisfy 4 (1 − q)
(
1 − b2

) ≥ b2q2 and γ < 0 otherwise. Note that ∂B1/∂mL < 0

and ∂B1/∂mH > 0. When t = 0,

B1|t=0 � 0 ⇐⇒ abq{2 − b (2 − q)} − 2qb (1 − q)mL + q (1 − q)
(
4 − (2 − q) b2

)
mH

4 (1 − q) (1 − b2) + (2 − bq) bq
≡ ĉ � c.

We can verify that ĉ < ĉ if

2a (1 − b)
(
4 − 2b2 + b2q

)
+ 2b (2 − qb)mL

(2 − qb) (4 − 2b2 + b2q)
≡ m̂ > mH

is satisfied. Hence, the above relationship is consistent with xF > 0. There are four cases.

Firstly, suppose ĉ < c < c and γ > 0. In this case, since B1|t=0 < 0 and ∂B1/∂t < 0,

∂(ΠDSM
D + πDSM

D )/∂t < 0 and so trade liberalization always benefits the domestic firm.

Secondly, suppose ĉ < c < c and γ < 0. In this case, B1|t=0 < 0 and ∂B1/∂t > 0. We

have

B1|t=t,mH=�m,mL=0 =
(2 − q) b{4 − (2 − q) b2}{a (2 − b) q − c (2 − bq)}q

2 (2 − bq)
> 0.

where the inequality is due to c < c. Hence, ∂(πDSM
D + πDSM

D )/∂t < 0 is likely when

t and mH are small and mL large, and ∂(πDSM
D + πDSM

D )/∂t > 0 otherwise. Thirdly,

suppose c ≤ ĉ and γ > 0. In this case, B1|t=0 ≥ 0 and ∂B1/∂t < 0. We have

B1|t=t,c=�c,mL=mH=0 = −aq (1 − q) (1 − b) {4 − (2 − q) b2}q (
4 (1 − q)

(
1 − b2

) − b2q2
)

4 (1 − q) (1 − b2) + (2 − bq) bq
< 0.

Hence, ∂(ΠDSM
D + πDSM

D )/∂t > 0 when t is small enough, and ∂(ΠDSM
D + πDSM

D )/∂t < 0

when t is large, c is large, and mL and mD is small (note that B1 is decreasing in c and

decreasing in mH). Finally, suppose c ≤ ĉ and γ < 0. Since B1|t=0 ≥ 0 and ∂B1/∂t ≥ 0,

∂(ΠDSM
D + πDSM

D )/∂t ≥ 0 and so trade liberalization always hurts the domestic firm.

As for the profits of firm F , we have ∂ΠDSM
F /∂t = 2qxDSM

F (∂xDSM
F /∂t) < 0 because

∂xDSM
F /∂t < 0. As for consumer surplus, we have

∂CSDSM

∂t
= −

⎡
⎢⎢⎣

q{2 (
1 − b2

)
(2 − b) + b

(
2 − b2

)
q + b2q2}a

−c (1 + b) {2 (1 − b) (2 − qb) + b (2 − b) q2}
+bq (1 − q) {2 (

1 − b2
) − q

(
2 − b2

)}mL − t{4 (
1 − b2

)
+ b2q2}

⎤
⎥⎥⎦

2{4 − (2 − q) b2}2q2

< −b{a − c − (1 − q) mL}
2{4 − (2 − q) b2} < 0.
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where the inequalities is due to (6).

Next, suppose firm F provides the repair services. Since ∂xFDI
D /∂t > 0 and ∂xFDI

F /∂t <

0, we have ∂ΠFDI
D /∂t = 2xFDI

D (∂xFDI
D /∂t) > 0, ∂(ΠFDI

F +πFDI
F )/∂t = 2xFDI

F (∂xFDI
F /∂t) <

0. Besides that, ∂CSFDI/∂t = −[(4− 3b2){a− (t + c)}+ (a − c) b3 − (1 + b)(2− b)2(1−
q)mL]/(4 − b2)2 < −c(1 − q)2(4 − 3b2)/(4 − b2)2 < 0 where the first inequality is due to

(6) and mL ≤ c.

Lastly, suppose there are no repair services. Since ∂xNR
D /∂t > 0 and ∂xNR

F /∂t < 0, we

have ∂ΠNR
D /∂t = 2xNR

D (∂xNR
D /∂t) > 0, ∂ΠNR

F /∂t = 2q2xNR
F (∂xNR

F /∂t) < 0. In addition,

∂CSNR/∂t = −[{aq − (t + c)} (
4 − 3b2

)
+ b3q{a − c − (1 − q)mL}]/{

(
4 − b2

)2
q2} <

−{a − c − (1 − q) mL}b/{2
(
4 − b2

)
q} < 0 where the first inequality is due to (6).

Proof of Lemma 3

By (20) and (7), we have

ΠDSM
D + πDSM

D − ΠNR
D =

(1 − q) [{a (2 − b) + bc}q + bq (1 − q)mL − 2 (c + t)]B2

(4 − b2)2 {4 − (2 − q) b2}2q2

where B2 = a (2 − b) {4 (1 − b) (2 + b)2+(3 + 2b) b4+
(
4 − 2b2 − b3

)
b2q}q+2{16−20b2 +

5b4+2(2−b2)b2q}t+bq (1 − q) {16−4 (1 − q) b2−b4}mL−
(
4 − b2

)2 {4−(2 − q) b2}qmH +

{2 (
16 − 20b2 + 5b4

)
+(2 + b) (8−2b2−b3)bq+4b3q2}c. Since ∂B2/∂a > 0, ∂B2/∂mL > 0,

and ∂B2/∂mH < 0, B2 > B2|a=mH=c,mL=0 = 2{16 − 20b2 + 5b4 + 2(2 − b2)b2q}{t +

(1 − q) c} > 0. By Lemma 1 and (20) and (13), it is apparent that ΠFDI
D < ΠNR

D .

Hence, ΠFDI
D < ΠNR

D < ΠDSM
D + πDSM

D . By (20), (8), and (13), ΠDSM
F − ΠNR

F =

− (1 − q) {16
(
1 − b2

)
+ (4 − q) b4} (

xFDI
F

)2
/
(
4 − b2

)2
< 0, and ΠFDI

F + πFDI
F − ΠNR

F =

4 (1 − q) (c + t − qmL) [{a(2−b)+bc}q−q (1 − q) (1 − b)mL−(q + 1) (c + t)]/(4−b2)2q2 >

2 (1 − q)2 (c + t − qmL) {a(2−b)+bc−(2 − b + qb)mL}/(4−b2)2q > 4 (1 − q)2 (c + t − qmL) (c−
qmL)/(4 − b2)2q > 0 where the inequalities are due to t < t and a >a. Hence,

ΠDSM
F < ΠNR

F < ΠFDI
F + πFDI

F .

Proof of Lemma 4

By (21) and (9),

CSDSM − CSNR = − (1 − q) bxDSM
D B3

2 (4 − b2)2 {4 − (2 − q) b2}q
whereB3 = q (2 − b) {16 + 4b − 16b2 − b3 + 4b4 + qb

(
4 + 4b − b2 − 2b3

)}a + 2b{4 − 7b2 +

2b4 − (
4 − 3b2 + b4

)
q}t − q

(
4 − 3b2

)
(1 − q) {8 − b2 (3 − q)}mL + {2b

(
4 − 7b2 + 2b4

) −
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b2
(
4 − 3b2

)
q2 − q (2 + b)

(
16 − 4b − 16b2 + 5b3 + 2b4

)}c. Note that ∂B3/∂a > 0. When

4−7b2+2b4 <
(
4 − 3b2 + b4

)
q, ∂B3/∂t < 0. In this case, B3 > B3|t=t =

(
4 − b2

) (
2 − b2

) {4−
(2 − q) b2} (a − c − (1 − q)mL) q > 0. When 4−7b2+2b4 >

(
4 − 3b2 + b4

)
q, ∂B3/∂t > 0.

In this case, B3 > B3|t=0,a=a = 2b{4−7b2 +2b4−(
4 − 3b2 + b4

)
q} (1 − q) (c − qmL) > 0.

Hence, CSDSM < CSNR.

By (21) and (14),

CSFDI − CSNR =
(1 − q) (t + c − qmF )B4

2 (4 − b2)2 q2

where B4 = 2q (b + 1) (2 − b)2 a − {(4 − 3b2
)
(1 + q) + 2b3q}c − (

4 − 3b2
)
(1 + q) t −(

4 − 3b2 + 2b3
)
(1 − q) qmL. Since ∂

(
B4|t=�t

)
/∂a > 0, B4 > B4|t=t > B4|t=t,a=a =

q
(
4 − 3b2

)
(1 − q) (c − qmL) > 0. Thus, CSNR < CSFDI .

Proof of Lemma 5

(i) By (23),

∂(ΔΠD)
∂t

= − 2 (1 − q)B5

(4 − b2)2 {4 − (2 − q) b2}2q2

where B5 = (2 − b) {8−2 (2 + b) b+(2 − q) b3}b2qa+4{16−20b2+5b4+2b2
(
2 − b2

)
q}t−

(4− b2)2{2 (
2 − b2

)
+ b2q}qmH +2b3{8− (3 − q) b2}q (1 − q)mL +4 (1 + b)

(
2 − b2

)
b2q +

b5 (1 + q) q}c. Since ∂B5/∂a > 0 and ∂B5/∂mH < 0, B5 > B5|a=a,mH=c = (1 − q) [{16−
(2 − q) b4}qb2mL + 4{16 − 20b2 + 5b4 + 2b2

(
2 − b2

)
q}c] > 0. Hence, ∂(ΔΠD)/∂t < 0.

(ii) By (24) and (25), we have ∂2(ΔΠ′
F )/ (∂t)2 = −8(1 − q2)/{(4 − b2)2q2} < 0 and

∂2(ΔΠ′′
F )/(∂t)2 = −8(1−q)[(4−b2)2 +{8−(3−q)b2}b2q]/[(4−b2)2{4−(2−q)b2}2q] < 0.

Besides that, we have

∂(ΔΠ′
F )

∂t

∣∣∣∣
t=0

=
4 (1 − q) [a (2 − b) q + {(2 − b) q + b}qmL − {2 + q (2 − b)}c]

(4 − b2)2 q2
,

∂(ΔΠ′′
F )

∂t

∣∣∣∣
t=0

=

4 (1 − q)

⎡
⎢⎢⎣

a
(
8 − 3b2 + b2q

)
b2q

+{16 + 8b − 12b2 − 2b3 + 3b4 +
(
8 − (4 − q) b2

)
qb2}qmL

−{2 (2 − b) (2 + b)2 +
(
8 − 3b2 + b2q

)
b2q}c

⎤
⎥⎥⎦

(2 − b) (2 + b)2 {4 − (2 − q) b2}2q
,

∂(ΔΠ′
F )

∂t

∣∣∣∣
t=t

=
∂(ΔΠ′′

F )
∂t

∣∣∣∣
t=t

= −4 (1 − q)
a (2 − b) + bc

(b − 2)2 (b + 2)2
= −4 (1 − q) {(a − mL) (2 − b) + b (c − qmL)}

(4 − b2)2
< 0.
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Hence, if mL is large enough and c is small enough to satisfy {a (2 − b) q + {(2 − b) q +

b}qmL}/{2 + q (2 − b)} > c, ∂(ΔΠ′
F )/∂t|t=0 > 0 and so ∂(ΔΠ′

F )/∂t is an inverse U-

shaped curve in t ∈ [0, t). Otherwise, ∂(ΔΠ′
F )/∂t ≤ 0. Similarly, if mF is large enough

and c is small enough to satisfy [a
(
8 − 3b2 + b2q

)
b2q + {16 + 8b − 12b2 − 2b3 + 3b4 +(

8 − (4 − q) b2
)
qb2}qmL]/{2 (2 − b) (2 + b)2 +

(
8 − 3b2 + b2q

)
b2q} > c, ∂(ΔΠ′′

F )/∂t is an

inverse U-shaped curve in t ∈ [0, t), and ∂(ΔΠ′′
F )/∂t ≤ 0 otherwise.
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Figures

Figure 1: Demand for Imports with Monopoly Repairs

Figure 2: Demand for Imports without Repairs



Figure 3: Possible Outcomes
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Figure 4: A Numerical Example
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Figure 4 (continued)

Firm D’s Profits
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Figure 4 (continued)

Domestic Welfare

0.0 0.5 1.0 1.5 2.0 2.5 3.0

76

78

80

82

84

86

88

90

tariff

[NR][DSM][FDI]

World Welfare

0.0 0.5 1.0 1.5 2.0 2.5 3.0

76

78

80

82

84

86

88

90

92

94

tariff

[NR][DSM][FDI]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


