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Abstract

This study considers transport-price contracts in a two-country duopoly model with
firm-specific carriers. It is well-known that when an upstream firm fails to commit to
keeping its transaction (or transport) price after a downstream firm’s R&D investment,
it causes the hold-up problem and diminishes the incentive for R&D investment. While
previous literature emphasizes that the commitment to keep the transaction price is
needed to overcome the hold-up problem, we show that this commitment may harm
all firms. We also discuss the robustness of our results in cases with R&D spillovers,

product differentiation, and non-linear production costs.
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1 Introduction

In vertical relations, research and development (R&D) investments by downstream
firms give upstream agents an incentive for opportunistic behavior. Suppose that a
downstream firm invests to reduce its production cost. After observing the investment
activity, the upstream trading partner can extract the R&D benefit from the down-
stream firm by setting a higher input price. Some fear that the upstream firm holds-up
the downstream firm’s investment. Additionally, this hold up behavior by the upstream
firm reduces downstream investment,! and hence, it tends to decrease both upstream
and downstream firms’ profit. Other studies find that an effective solution to this prob-
lem is to fix the input price using a long-term price agreement, that is, a fized-price
contract (Banerjee and Lin, 2003; Zikos and Kesavayuth, 2010). This solution is ef-
fective because if the input price is fixed under a long-term contract, the downstream
firm does not need to worry about the upstream firm attempting to increase the input
price.

This hold-up problem also can appear in a vertical relation between exporting and
transporting firms. International transportation is an essential service to ship products
overseas, and an exporting firm pays freight rates to cargo carriers to export. Hence,
by setting a higher price after the exporting firm’s investment, it is possible for the
carrier to extract the R&D benefit.? Transport cost is actually a major trade barrier,
at least as much as or larger than other representative policy barriers® and affects
firms’ innovation activities. For example, because a higher transport cost limits access
to foreign markets and inhibits export production, it affects incentives to innovate, such

as for cost-reducing R&D.4

!The importance of upstream firms’ opportunistic behavior that causes downstream firms to under-
invest (i.e., the hold-up problem) is widely recognized among researchers. For example, Gilbert and
Cvsa (2003) give an example of a key-component supplier, such as Intel, and an investment by a PC
maker, such as Dell, in the computer industry, and emphasize that this sort of hold-up problem is
very likely to occur in supply chains such that downstream firms depend on their trading partners for
both knowledge and capacity. Banerjee and Lin (2003) also give a similar example from the computer
industry.

2Hummels et al. (2009) empirically show that transport prices, such as the ocean freight rate, is a
mark-up price and carriers have monopoly power. This empirical evidence implies that carriers possibly
extract rent from exporters thorough price setting.

3 According to Anderson and Van Wincoop (2004), the ad-valorem tax equivalent of transport costs
is 10.7%, while that of tariff and non-tariff barriers is 7% in developed nations.

4Factors such as market access and competitive intensity influence innovation incentives. Since



We consider a hold-up problem in international transportation and show that a
fixed-price contract that resolves the problem in this transport market has entirely
different effects than those found in the existing literature.

We base our model on the two-country duopoly modeled by Brander (1981) and
Brander and Krugman (1983). There are two firm-specific carriers upstream and two
exporters downstream. Each country has both a carrier and an exporting firm. Each
carrier takes a per-unit transport charge from its domestic exporting firm and ships
products to the foreign market. Each exporting firm pays a transport charge to its
country’s carrier in order to export, while it freely supplies to the domestic market.
Suppose that in this market structure, exporters can commit to zero exports. Then,
each exporting firm is a monopoly in its local market and can thus gain maximum
profit. We expect that a commitment to fewer exports benefits exporters.

If the hold-up problem exists, the exporter will have a high marginal cost because
their investment becomes small. Hence, the hold-up problem is equal to a commitment
to fewer exports. Simultaneously, the marginal cost of domestic production also be-
comes large, which lowers exporters’ profit. Exporters face this trade-off and benefit
from the hold-up problem if the commitment effect of fewer exports due to the hold-up
problem is dominant.

In our analysis, when firms do not use a fixed-price contract and exporters can
commit to fewer exports, they can maximize their profit because they can create a
situation close to the domestic monopoly by adjusting the transport price through
their investment decision. By contrast, using a fixed-price contract minimizes the
exporter’s profit because carriers set a lower price to promote exporters’ investments
and exports become the most active. Furthermore, when the cost-reducing R&D is
highly efficient, carriers profit less compared to other contract schemes because carriers
set considerably lower prices to promote investment. Thus, the market structure is one
where fixed-price contracts harm all firms. We also consider two other relevant topics:
asymmetric contract schemes (i.e., when one country adopts a fixed-price contract and
the other adopts a floating-price contract), and the case of monopoly carrier. We further

discuss the robustness of our results by examining three cases: a positive spillover in

transport cost affects all of these factors, it ultimately affects a producer’s innovation incentives. See,
for example, Aghion et al. (2004, 2005).



R&D; horizontal differentiation between home and foreign products; and non-linear
production costs of firms. We find that our main result holds in these extended cases.

Our study is closely related to Takauchi’s (2015) consideration of R&D rivalry in a
transport sector.” The author examines the effects of the technical efficiency of R&D on
exporters’ profit when they use a monopoly carrier to export their products, and shows
that higher R&D efficiency can reduce exporters’ profit. Although Takauchi (2015)
shares a market structure with this work; that is, exporters freely supply to their local
market while they must pay freight rates for carriers to export, we incorporate transport
price contracts and examine the effects on profit and welfare.

This study is related to works on input-price contracts with downstream investment.
Banerjee and Lin (2003) show that fixed-price contracts make all firms better off in a
market with an upstream monopoly and a downstream oligopoly. Zikos and Kesavayuth
(2010) confirm Banerjee and Lin’s result, even if R&D spillovers exist. Gilbert and Cvsa
(2003) consider the role of final demand uncertainty in a supply-chain with one supplier
and one buyer. They show that the supplier prefers a commitment to wholesale prices if
the demand fluctuations are not too large, and the buyer always profits more when the
supplier makes a price commitment. Kesavayuth and Zikos (2009) examine the role of
R&D spillovers and the importance of wages for labor unions on an endogenous choice
of contract form for wages in a union—firm pair. However, these studies are limited to
the domestic market and do not consider international trade and transportation. We
believe that our analysis compliments the existing literature.

In a broader sense, our study is also connected to two strands of the literature on
trade costs, innovation, and vertical structures. The first discusses the role of trade
costs in an oligopoly framework, in which some consider the effects of the trade cost
reduction on R&D investment (e.g., Dewit and Leahy, 2016; Ghosh and Lim, 2011;
Haaland and Kind, 2008; Long et al., 2011), and others focus on the effects of trade

cost reduction on firm behavior and welfare within vertical production relations (e.g.,

®Other studies also consider an imperfectly competitive transport sector in international trade.
Francois and Wooton (2001) and Behrens et al. (2009) examine the roles of transport prices and
transporting firms’ market power in general equilibrium settings. Using a two-country oligopoly model,
Abe et al. (2014) examine the effects of emissions tax in the transport sector, while Ishikawa and Tarui
(2018) examine the effects of several trade policies on the transport market. Matsushima and Takauchi
(2014) consider how seaport privatization influences their usage fees (trade cost) and welfare in an
international oligopoly.



Beladi and Oladi, 2011; Liu and Mukherjee, 2013; Maiti and Mukherjee, 2013; Marjit
and Mukherjee, 2015). The second strand studies of innovative activities under vertical
production linkages (e.g., Beladi and Mukherjee, 2017; Matsushima and Mizuno, 2012;
Mukherjee and Pennings, 2011). While these works employ different models and obtain
useful insights, they do not consider input-price contracts, unlike our analysis in this
study.

The rest of the paper proceeds as follows. Section 2 presents the model. Section
3 examines transport-price contracts. In Section 4, we discuss asymmetric contract
schemes, the case of a monopoly carrier, and the robustness of our main result. Lastly,

Section 5 concludes the paper. Note that all proofs can be found in the appendices.

2 Model

We consider a two-way trade model with firm-specific carriers, as in Takauchi (2015).
Two symmetric countries, H and F’, have a homogeneous product market. Each country
has a single exporting firm (called firm i, i = H, F') and a firm-specific cargo carrier
(called carrier i). The inverse market demand in country i is p; = a — qi; — ¢ji (4, =
H,F; j # 1), where p; is the product price, g;; is firm i’s domestic supply, ¢;; is firm
j’s exports, and @ > 0. While firm ¢ freely supplies to the domestic market, it must
use carrier ¢ and pay a per-unit transport-price, t;, to ship its product to an overseas
market. Before production, firm 4 invests in R&D to reduce marginal production cost ¢
(> 0); after the investment, the marginal cost is ¢ —x;, where x; is the investment level.
We assume that the R&D cost function is y2?; v (> 0) denotes the technical efficiency
in R&D.® Firm 4’s profit is given by II; = [p; — (¢ — 2;)]qii + pj — (c—x;) — ti)qij — 'yx?,
where i, = H, F'; j # i. Carrier ¢ makes a take-it-or-leave-it offer to firm ¢ and decides
its transport price. Each carrier’s profit is m; = tiqz-j.7

We consider three transport-price contract schemes. The first is a fized-price con-
tract where each carrier first sets its transport price and firms subsequently invest. The

second is a floating-price contract where firms first invest and each carrier subsequently

5This is a popular setting. See, for example, d’Aprémont and Jacquemin (1988), Ghosh and Lim
(2013), Haaland and Kind (2008), and Takauchi (2015).
"Our main result does not change even if the other trade cost 7 exists (i.e., m = (t: — 7)qi;).



sets its transport price. The third is a simultaneous move scenario where carriers and
firms simultaneously decide transport prices and investment levels. In all schemes, each
firm decides its output in the final stage of the game and competes a la Cournot in

both markets in countries H and F. The game is solved by backward induction.

3 Results

In the final stage, each firm decides its outputs to maximize its profit. The first-order
conditions (FOCs) for profit maximization are 0Il;/0q;; = a — ¢ —2¢;; — qj; +x; = 0 and
011;/0q;j = a—c—2qi; —qj; +x;—t; = 0. These yield g;(tj,x) = (a—c+tj+2x;—x;)/3
and ¢;j(t;,x) = (a —c — 2t; + 2x; — ;) /3. Let x = (4, ;).

Fixed-price contract. In the second stage, firm ¢ chooses an investment level, x;,

taking ¢; as given. From the firm’s FOC, the second-stage investment level is

43y —4)(a —c) —4(3y —2)t; + 6+4t; . .
zi(t) = , JFE . 1
© (37~ 00y 4) .
Let t = (t;,t;). From g;;(t;,x) and (1), carrier i’s maximization problem is
e BB Y —4)(a—¢) — 203y —1)(9y — 8)ti + 8(3y — 1)t;]
ti 337 —4)(97 —4)
This yields the following equilibrium transport price:

s _ NBry=4(a—c)
= 4(3y — 1)(9y — 10) @)

The outcome in the fixed-price contract is labeled “fx.” From (2), we have the equi-

librium investment and outputs:
(1892 — 2767 + 80)(a — ¢)
203y — 1)(97 — 10)(97 — 4)’
Jr = 37(13592 — 210 + 64)(a — ¢) o7 = 37(9y —8)(a—¢) .
" 43y =19y -10)(9y—4) = " 2(9y—10)(9y —4)
The carrier’s profit and the firm’s profits are
ga_ 213y =49y —8)(a—¢)’
8By =19y —10)2(9y —4)
7(1902697° —7173367* 4102448873 —68659272+2158087—25600) (a — c)?
16(3y — 1)%(9y — 10)%(9y — 4)? '

fx
T

3)

(4)

(5)
/" =

To ensure a positive quantity, we assume the following.®

8As long as Assumption 1 holds, the second-order conditions for the carriers’ and firms’ profit



Assumption 1. v > 4/3.

Floating-price contract. In this contract scheme, carrier i decides its transport
price, t;, in the second stage of the game. The carrier’s maximization problem yields

the following second-stage transport price:
1

ti(x):z(a—c—xj—&—Qwi), J #i. (6)
From (6) and the firm’s profit, the equilibrium investment level is
al(x) 1 o ;. 43(a—c¢)
= —(43(a—c)—22x,—(144y—65)x;) = = (7
The outcome in the floating-price contract is labeled “I.” From (7), we get the following:
36y(a — ¢)
té = A~ A2 (8)
144~y — 43
&= 60y(a —c) = 247(a — ¢) (9)
" 144y — 437 ™ 144 — 437
*(a —¢)? 4176y — 1849)(a — ¢)?
A= 864v“(a — c) - ~(4176v — 18 9)(2 c) . (10)
(144~ — 43)2 (144~ — 43)

Simultaneous move scenario. In this case, both transport prices and investments

are decided in the first-stage of the game simultaneously. Eqgs. (1) and (6) yield the

following;:
= G = e, (13
oo 2172 (a—¢)? o 7(261y —196)(a — ¢)? (14)

218y —7)2" 4(18y — 7)2
The outcome in the simultaneous move scenario is labeled “s.”

From (3), (7), and (12), we obtain Proposition 1.
Proposition 1. (i) :rfx > xf > ot (i) 0zF /0y < 0 for all k € {fz,1,s}.

The logic behind part (i) is as follows. In the floating-price contract, firms first invest

and carriers subsequently charge transport prices. Then, if firms invest a higher amount,

maximization are satisfied.



carriers set a higher transport price and can extract a benefit from the R&D. Hence,
to keep lower transport price, firms have an incentive to make smaller investments.
According to this strategic motive, the floating-price contract will have the smallest
investment among all of the schemes. By contrast, carriers first charge transport prices
and firms subsequently invest in the case of a fixed-price contract. Lower transport
prices enhance transport demand and, can thus raise investments. As found in the
second-stage investment, z;(t), a lower ¢; increases x;, so carrier i sets a lower transport
price. The strategic motive of carrier ¢ makes the transport price the lowest among all
of the schemes. Corresponding to this low transport price, the investment level becomes
the largest. On the one hand, in the simultaneous move scenario, firms cannot directly
reduce transport prices by setting a smaller investment; hence, the investment is larger
than that in the floating-price contract case (zj > a:ﬁ) Carriers also cannot directly
raise investment by setting a lower transport price; thus, the investment is smaller than
that in the fixed-price contract case (z§ < z;”").

Part (ii) is intuitive. A smaller v improves efficiency in R&D and strengthens

innovation incentives. The investment rises as v decreases (see Fig. 1).
[Fig. 1 around here]

Egs. (2), (8), and (11) yield Lemma 1.

Lemma 1. (i) £ > t\ > t/%. (i) If v > 2559 ~ 591532, 9t/ /0y < 0, and if
v < 254 it 19y > 0. Ot /0y < 0 and 013 /9y < 0.

Part (i) has the following intuitive explanation. In the fixed-price contract, carriers
commit to lower transport prices in order to increase investment, and therefore, the
price in that scheme becomes the lowest. In the floating-price contract and simultaneous
move scenario, the firms’ investment level is a given for carriers. In these schemes, if
a realized investment becomes larger, firms’ production expands, incentivizing carriers
to set a higher price. As shown in Proposition 1, investment in the simultaneous move
scenario is larger than that in the floating-price contract, so the transport price in the
simultaneous move scenario is higher than that in the floating-price contract.

We next consider part (ii). A smaller v enhances investment incentives (Proposition

1). In the fixed-price contract, carriers can raise investments by committing to lower



transport prices. If carriers reduce transport prices when + is small enough, and hence
firms’ investment incentives are large enough, it is possible to further increase invest-
ments. Hence, when ~ falls below a certain level, the transport price also decreases.
By contrast, in a floating-price contract and simultaneous move scenario, carriers have
no transport price commitment. An increase in investment due to a lower vy promotes
production activities, so the transport price increases as v decreases. Fig. 2 illustrates

Lemma 1.
[Fig. 2 around here]

Egs. (4), (9), and (13) yield Lemma 2.

Lemma 2. I. (i) qf;‘”f > q5; > gy (i) If v > Y2289 ~ 1 74385, ¢ > ¢’ > ¢ and
if v < YEZE ge s gb > gl (i) QIF > QF > QL where QF = qf + db (5 # i;
ke{fxls}) IL (i) 8qu/87 <0 forallk. (i) If v < 4 ~ 1.48449, 8qlff/8’y > 0 and

if v >4, 8qlff/8’y < 0. 9¢4,/0y < 0 and Ogs; /0y < 0. (iii) OQY /Oy < 0 for all k.

We first consider the ranking in output. Although a lower transport price promotes

exports and impedes domestic supply, t; > tﬁ and qu > qf;j hold. These results depend
!

on an investment ranking of z7 > z;. In the floating-price contract, firms commit

to a smaller investment. This commitment lowers the degree of the production cost
reduction, so it does not sufficiently promote the whole production, and hence leads to
qa; > qzl-j and ¢§;, > ¢};. Comparing the simultaneous move scenario with the fixed-price

fz f

i > 47 and g > g; . This corresponds to the fact that the transport price

contract, q i
is the highest in the simultaneous move scenario and is the lowest in the fixed-price
contract among all schemes, 7 > té > tzf ¥. Carriers commit to a lower transport price
in the fixed-price contract. The carrier’s commitment lowers the trade barrier and
promotes exports. Because competition in the domestic market becomes more intense,
domestic supply decreases. On the one hand, the simultaneous move scenario will

have a higher transport price, which impedes exports and promotes domestic supply.
fx
(]
The ranking of total sales is intuitive. A larger

From these arguments, the export ranking is ¢

ranking is g5 > QZ and ¢j; > qz’?

> qisj > qéj, and the domestic supply

investment corresponds to lower production costs. Since higher production efficiency



enhances production activities, total sales rise as efficiency improves. Hence, the total
sales ranking corresponds to the investment ranking.

The domestic supply ranking between the fixed-price and floating-price contracts
and part II of Lemma 2 are explained as follows. A smaller v enhances firm’s innovation
incentives and raises investment. Because a decrease in v leads to a reduction in
production cost, a decrease in v increases both domestic supply and exports. However,
if v is small, the domestic supply in the fixed-price contract decreases as v decreases.
This result depends on a change in the transport price for v. As in part (ii) of Lemma
1, when -y is small, the transport price in the fixed-price contract falls as v decreases. A
lower transport price promotes exports, increases competition in the domestic market,
and decreases domestic supply. Hence, 8qiff /0y > 0 if 7 is small. Furthermore, while
a lower 7 reduces the domestic supply in the fixed-price contract, it increases the
domestic supply in the floating-price contract. Therefore, if v is small enough, the
domestic supply in the fixed-price contract can be smaller than that in the floating-
price contract (see Fig. 3). For a change in -, the change in the total sales is the same
as that in investment. A rise in investment reduces production costs and improves
efficiency, so total sales increase as investment increases. A smaller v raises investment,

so total sales also rise as v decreases.
[Fig. 3 around here]

Comparing (5), (10), and (14), we establish Proposition 2.

Proposition 2. (i) II\ > II¢ > Hlf‘r. (i) If v < v* ~ 1.74661, 75 > 7t > 7rlfx, and if
v> > nl® >7T§.

%

Proposition 2 implies that a better outcome for both carriers and firms can appear
when carriers do not commit to a transport price level. The ranking in firm’s profit
inversely corresponds to the ranking in exports (see Lemma 2). This is because, in our
two-way duopoly model, the prohibitive transport price level gives the highest profit
for firms. That is, the profit in a domestic monopoly (there is no export) is higher
than the situation with aggressive exports.” This result can be traced back to the

reciprocal market model of Brander (1981) and Brander and Krugman (1983). In such

9Using the third-stage outcomes and conditions x; = z; and t; = t;, this fact is immediately found.



Cournot duopolistic intra-industry trade, suppose that firms face a specific transport
cost (or price) when they export to the rival firm’s domestic market. Then, the firms’
profit is U-shaped with respect to the transport cost, and the prohibitive level of the
transport cost maximizes their profits. The logic behind this result is as follows. An
increase in the transport cost reduces exports, but increases the domestic supply as
a result of the reduction in the rival’s exports. If the transport cost is low, there is
not much difference between the exports and the domestic supply. In this case, the
negative effect of the export reduction dominates the positive effect of the domestic
supply expansion. Therefore, an increase in the transport cost reduces the profit.
Conversely, if the transport cost increases above a certain level, the domestic supply
becomes much larger than exports. Then, the positive effect of the domestic supply
expansion is dominant. In this case, an increase in the transport cost increases the
profit. Furthermore, when the transport cost is sufficiently high, exports are close to
zero and each firm can enjoy a domestic monopoly. Firms are immune to competition
and, hence, can set the highest price in their domestic markets, thus maximizing their
profit. 0

When firms can commit to an investment level, it is possible for them to create
a situation close to a domestic monopoly because they can adjust the transport price
through their investment decision. Hence, the floating-price contract is the best scheme
for firms. In contrast, the carrier’s price commitment adjusts the firm’s investments and
exports. The carrier’s lower price commitment increases the aggressiveness of the firm’s
export activities, and it puts firms in a situation furthermost from a domestic monopoly.
The fixed-price contract is the worst for firms. In the simultaneous move scenario,
carriers and firms have no commitment, so the profit in that scheme is intermediate for
firms (see Fig. 4).

The carrier’s profit ranking depends on the transport price and export volume.
In the simultaneous move scenario, the transport price is highest among all contract
schemes and the exports are of intermediate size, so the profit becomes the largest
among all schemes. On the one hand, profits in fixed-price and floating-price contracts

can be reversed according to the degree of «. This is because, as in Lemma 2, a smaller

10This is also true when firms engage in cost-reducing R&D. See, for example, Dewit and Leahy
(2016), Gosh and Lim (2013), and Takauchi (2015).

10



~ increases exports in both schemes and raises the transport price in the floating-price
contract, while it can reduce the transport price in the fixed-price contract (see Fig. 2).
Then, a smaller v increases profit in the floating-price contract. In contrast, a smaller
~ decreases profit in the fixed-price contract when ~ is small. If v < ~*, profit in the

fixed-price contract is the worst among all contract schemes.

[Fig. 4 around here]

Welfare analysis. Country ¢’s consumer surplus in each contract scheme is given by
CSk = (Qf)2/2, where k € {fz,l,s}. This yields the following:
44142 (a—c)?

9~2 (18972 —2767+80)%(a—c)? 3528+2(a—c)?
CSfx: Y ( Y '7+ ) (a C) : f: Y (a’ C) : CSZS— ) (15)
i 32(97—4)2(97—10)2(3y—1)2 (144~y—43)2 8(18y—7)2

Each country’s social surplus consists of consumer surplus C’SfC , firm’s profit Hf,
and carrier’s profit ﬂf. The social surplus in each contract scheme is

fo (867519 — 25142443 + 2491207% — 96960~ + 12800)(a — c)?

W:
' 32(9y —10)2(3y — 1)%(9y — 4) ’ (16)
Wil — 7(8568y — 1849)(a — ¢)* — 7v(153y — 56)(a — c)?
i (144~ — 43)2 o 8(18y — 7)2

Lemma 2, (15), and (16) yield the following result.

Proposition 3. (i) CS/* > CS5 > CS! and W/* > Wg > WL (i) 0CSk /9y < 0
and OWF /0y < 0.

The welfare ranking corresponds to the investment ranking. When firms increase
their investment level, the marginal production cost falls and efficiencies improve, which
undoubtedly increases consumer surplus (Lemma 2). Because the improvement in
consumer benefit is dominant, the social surplus also increases. From the welfare point
of view, the best scheme is the fixed-price contract in which investment is maximized,
and the worst scheme is the floating-price contract in which investment is minimized.
Furthermore, a reduction in v enhances efficiencies in R&D and raises investment, so

it also increases welfares.

Joint profit maximizing investments. We further consider the case where firm

i chooses its investment level to maximize joint profit between carrier ¢ and firm ¢

11



itself, that is, m; +II;. We define the joint profit maximizing investment level x;] 1 (:1:;] 2)
in the floating-price (fixed-price) contract scenario. The number behind superscript

“J” denotes the stage of the game at which firms decide their investment. The joint

e J1 _ 55(a—c) J2 _ (a—c)(256—768y+459+?)
profit maximizing investments become z7* = 117 —55 and z;* = (99—1) (61=1837110877) "
Comparing investments in each scenario, we have

Jl .0 1728(a—c)y Lo J2  fr 27(a—c)y(28—457+1872)
Ty =T = qa sy —a3) > 0 TP T T = 53 01) 9y —10)(64-1837+10877) > O-

When joint profit is maximized, because firm ¢ accounts for carrier ¢’s profit, the
incentive for the firm to offer a smaller investment to reduce the transport price weakens.

J1

71 > 2l holds. Additionally, an expansion in investment raises the

Consequently, x

carrier’s profit through an increase in the transport demand. Thus, 272 > x{ “ holds.

Remark 1. Let the joint profit mazimizing investment level in the floating-price (fized-

xT

price) contract scenario be z{* (x{%). Then, z{* > z!* and /1 > al.

4 Discussion

In this section, we first discuss the case in which a different contract type is applied
in each country. We next consider the case in which the carrier is a monopoly. We
also examine the robustness of Proposition 2. Here, we first relax the assumption of
no R&D spillovers and examine the case of a positive spillover. Next, we examine the
case of domestic and foreign product differentiation. Finally, we introduce two types

of non-linear production cost terms.

4.1 Asymmetric contract schemes

We begin by considering the situation in which the transport-price contracts in two
countries differ; that is, country H adopts a fixed-price (floating-price) contract and
country F' adopts a floating-price (fixed-price) contract. In this environment, if firms
H and F can choose either a fixed-price contract or a floating-price contract in the first
stage of the game, the only equilibria that appear are those consisting of a fixed-price
contract scheme (all firms choose the fixed-price contract, labeled “fx”) and a floating-

price contract scheme (all firms choose a floating-price contract, labeled “I”). The
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outcomes in asymmetric contract schemes and the derivation of the multiple equilibria
can be found in Appendix B.
Figs. 5-7 illustrate the equilibrium outcomes in common contract schemes (fz and

l) and asymmetric contract schemes ((I, fz) and (fz,1)).
[Figs. 5-7 around here]

Firms H and F are symmetric. Therefore, we focus on firm H. Suppose that
firm H deviates from [. Then, because carrier H commits to a lower price, firm H’s

investment increases owing to the increase in its exports (t;f b , q{if; > qiq r» and

x;f b wﬂg; see Figs. 5-7). However, this increase in investment corresponds to an
expansion of less-efficient production activity (i.e., exports). Hence, firm H'’s profit
decreases'! (H’Icf’l < I1%;; see Fig. 5).

We next examine firm H’s deviation from fz. In (I, fx), because firm H’s invest-
ments and carrier F’s transport price are given for carrier H, it sets a higher price.
This high ¢z weakens the innovation incentive of firm H through the reduction in its
exports, which increases firm F’s investment.

In the first stage of the game, firm H implements a smaller investment, but this
increases firm F’s investment through the strategic substitutability of R&D rivalry.
On the one hand, to increase firm F’s investment, carrier F' must set a lower price.
However, firm F’s investment expands owing to a high ¢z and the small investment of
firm H. Therefore, carrier F' can set a higher price compared to the case fx (tlﬁf > t{,x;
see Fig. 6).

A high ty reduces firm H’s exports and increases firm F’s domestic supply. Because
carrier ' commits to a transport price, tp is lower than ty (tigfx < tiglfx; see Fig. 6).
Hence, in firm H’s domestic market, the exports of firm F' become large and firm H’s
domestic supply is smaller than that of firm F (q%}}ﬁ < q%f ; see Fig. 7). Therefore,
the domestic supply of firm H does not necessarily become larger compared to that in
the case of fz (see Fig. 7).

In summary, if firm ¢ deviates from fx, the transport price ¢; increases and, hence,

its exports decrease. Furthermore, this deviation does not necessarily increase firm ¢’s

11f firm H deviates from [, because carrier H commits to a lower transport price, firm H’s exports
increase (qffgl > ¢4r). This lower price commitment by carrier H increases firm H’s exports sharply

and, hence, the profit of carrier H increases (WI’?’Z > 7t;; see Fig. 5).
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domestic supply. As a result, firm i’s total output (the sum of exports and domestic

supply) decreases'? and, therefore, its profit decreases®® (HlegC < H{f ; see Fig. 5).

4.2 Monopoly carrier

Here, we consider a situation in which a monopoly carrier conveys two firms’ products.
To export their products to the rival firm’s domestic market, firms H and F pay
the common transport price, t,,, to the monopoly carrier. Hence, the profit of the
monopoly carrier is m = t,,(¢gF + qrm). It is enough to replace carrier i’s transport
price t; (i = H, F) with the monopoly transport price ¢,, in the equation of firm i’s
profit IT;. Thus, we obtain the following equilibrium outcomes in a similar manner to
those described in the previous section. The variable with “7” denotes the equilibrium
outcomes in the monopoly carrier case.
The outcomes in the fixed-price contract are

Efx_?ry(a—c). fo_ (21y=8)(a—c)  _fz Iv(5Yy—=2)(a—c) _f» 3v(a—c)

"G T 2G0T AB-)(99=4) W T 2(9y—1)
- fr _ M (a—c)* il _ 7(234993 — 36002 + 1704 — 256)(a — c)?
By—Doy—4) 16(97 — 4)°(37 — 1)2
The outcomes in the floating-price contract are
0 72y(a—c) a 113(a —c) i = 120v(a —c) i = 48v(a — ¢)
o288y — 1137 ' 288y —1137 " 288y —1137 Y 288y — 113’
L 69129 (a —¢)* = _ 7(16704y — 12769)(a — c)?
(288y —113)27 (288~ — 113)2 ’
The outcomes in the simultaneous move scenario are

~ 9v(a —¢) s 7(a—c)‘ s 15’y(a—c)' s 3v(a —c)
mT o8y 1) T A8y -7 T o8y —7) W T 18y 7
_219%(a—c¢)? -, 7(261y —196)(a — c)?

(18y—7)2 > 7 4(18y — 7)2

~S

These equilibrium outcomes yield Proposition 4.

That is, (¢f; + ¢i7%) > (¢45F + ¢4/F) holds. See Appendix B.

13When firm H deviates from fx, because carrier H sets a higher transport price, corresponding to
a smaller investment of firm H, the exports of firm H decrease (t5/* > tI7 and ¢4/¥ < ¢f.). The
transport price (tz) increases and the transport demand (i.e., firm H’s exports) decreases. As a result,
the profit of carrier H does not necessarily become larger than that in the case of fz (see Fig. 5).
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Proposition 4. (i) If v < v** ~ 2.32792, 11 > II} > ﬁ{m, and if v > v**, 1I7 >
e > T (i) 7 > 717 > 75,

Figs. 8 and 9 illustrate the equilibrium export, R&D investments, and transport

prices.
[Figs. 8 and 9 around here]

From Proposition 4, we find the following. When the monopoly carrier can decide on
the contract type for the transport price, it always chooses the floating-price contract.
On the one hand, if v is small, the fixed-price contract is the worst scheme for firms.
On the other hand, if v is large, the floating-price contract is the worst scheme for
the firms. Hence, because there are two “worst schemes” for the firms, a comparison
between a fixed-price contract in both countries and a floating-price contract in both
countries is reasonable.

The reason of part (i) of Proposition 4 is as follows. There are two major factors
that induce a low profit for firms. The first is a “large investment.” When ~ is large,
the investment efficiency is low. In this case, a large investment sharply increases
the investment cost, yielding a lower profit than in the case of a small investment.
The second is “aggressive exports.” Firms must pay a transport price to export its
products. Thus, aggressive exports are less-efficient activities and yield a lower profit.
In the simultaneous move scenario, both investments and exports are smallest among
all schemes and, therefore, that scheme is best for the firms.

That the profit in the floating-price contract can be the smallest among all schemes
is the result of the common transport price set by the monopoly carrier. In a floating-
price contract with a firm-specific carrier, firms have an incentive to set a smaller
investment to reduce the transport price. In contrast, in the monopoly carrier case, a
reduction in the transport price decreases the cost for both firms and, thus, also helps
its rival. Therefore, neither firm has an incentive to undertake a smaller investment. As
a result, 7t > ic{ “ holds (see Fig. 9). In the fixed-price contract, the monopoly carrier
strategically sets a lower transport price in order to increase the firms’ investments,
and the exports are largest among all schemes (see Figs. 8 and 9).

If v is small, because the investment is efficient, the contract scheme that makes the
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export volume larger yields a lower profit. Thus, the fixed-price contract is the worst
scheme for the firms when ~ is small. In contrast, if v is large, because the investment
is less-efficient, the contract scheme that makes the investment bigger yields a lower
profit. That is, when + is large, the floating-price contract becomes the worst scheme
for the firms.

The reasoning behind part (ii) is as follows. If the carrier is a monopoly, the sum
of the two firms’ export volumes is the transport demand. Thus, the monopoly carrier
has double the demand compared to the case of a firm-specific carrier. This demand
expansion means the carrier can gain a bigger surplus by raising its price. In the
floating-price contract, the firms’ investments are the biggest of the schemes and the
monopoly carrier can set a higher price (see Fig. 9). Hence, the floating-price contract
maximizes the carrier’s profit.

In the fixed-price contract, the carrier strategically commits to reducing its price in
order to increase the firms’ investments, and so sets a lower transport price. Although
this behavior increases exports, it yields the lowest transport price among the schemes
(see Figs. 8 and 9). Hence, the carrier’s profit is smaller than that in the case of the
floating-price contract. In the simultaneous move scenario, the carrier and the firms
behave as though each player’s strategy is given. Because the carrier cannot adjust a
firm’s investment through a strategic commitment on its price, the carrier’s profit is

smaller than that in the case of the fixed-price contract.

4.3 R&D spillovers

Here, we introduce an exogenous spillover rate of R&D, §, in the previous setting. Since
the developed-knowledge of the rival firm is transmitted, firm ¢’s marginal production
cost is rewritten as ¢ — x; — dx; (1 # 7).

We assume that the spillover rate is not very large: 0 < 4§ < % (~ 0.33529).
We exclude the case with a high spillover rate for the following reason. In the previous
section, R&D investments are strategic substitutes. However, under a rather high
spillover rate, the investment decisions become strategic complements. Hence, under a
high spillover rate, we do not have a mechanism in the previous section and we obtain

a significantly different profit ranking. We omit the case with a high spillover rate.
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Firm ¢’s profit is IL;(8) = [p; — (¢ — x; — 02;)]qii + [pj — (¢ — @ — §x;) — ti]qij — ya?
and carrier ¢’s profit is m;(d) = tiqij. We consider the same contract schemes and the
same timing of the game. The equilibrium outcomes under the fixed-price contract are

£17(5) = (a—c)(0 — 2)[~18972 + 67(106% — 435 + 46) + 20(5 — 2)%(6% — 1)] |
! (97 4 262 — 20 — 4)[108~2 — 39v(d — 2)%2 — 10(6 — 2)%(6%2 — 1)]
3v(a — ¢)[1359% — 3v(1652 — 675 + 70) — 16(5 2)2(6% — 1))

7' () = (9 + 262 — 25 — 4)[10872 — 39~7(6 — 2)2 — 10(6 — 2)2(82 — 1)]’
J476) = 3v(a — ¢)[547* — 37(46% — 196 + 22) — 4(6 — 2)%(6* — 1)]

g (97 + 262 — 20 — 4)[10872 — 397(6 — 2)2 — 10(6 — 2)2(62 — 1)]’
1 (5) = 9v(a — ¢)(3y — 262 + 66 — 4)

108+2 —397(6 — 2)2 — 10(6 — 2)2(62 — 1)

The equilibrium outcomes under the floating-price contract are

a—c)(43 — 146 60v(a — ¢
e = OB ) = .
144~ + 1462 — 296 — 43 144~ 4 1462 — 296 — 43
247(a — ¢) 36v(a — c)
l 2l ! gl
.. = . t f— .
40 = T T —200 — 230 0 T T T 1a 200 — 13
The equilibrium outcomes under the simultaneous move scenario are
xS( ) _ 7(&—6)(2—5) . 5( ) _ 15’7(61_6)
T3y r 702 —6—2) YT 36,702 —0_2)
6v(a — C) CeRy 9v(a —¢)

T 367 +7(02-0-_2)
The firm’s profit and the carrier’s profit are II¥(5) = [¢%(5)]? + [qu(é)]2 —7[z¥(6)]? and
7k (8) = tf(é)qu(é) for k € {fz,l,s}.

1

4

Under our assumptions, 0 < § < and v > 3, we compare equilibrium

profit. By numerical calculation, we have IIL(§) > TI3(8) > H{m(é). Thus, part (i) of

73-3v377
44

Proposition 2 does not change.

We next consider the profit ranking of carrier ¢. Numerical calculation yields Fig.
10. In the lower left area, we have 7$(8) > mi(§) > me(é); in the other area, we
obtain 7f(J) > 7rfz(5) > 7!(8). Hence, part (ii) of Proposition 2 does not change if the
spillover rate is small. On the other hand, a high spillover rate yields only the profit

ranking 77 () > 7rfw(5) > 7l(6).
[Fig. 10 around here]

Our results change for the following reason. Under a positive spillover rate, an

increase in R&D investment reduces the rival firm’s marginal cost. Then, firms have
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a small incentive to invest. This case is similar to that with inefficient investment
technology (i.e., large «). In other words, the effect of an increase in § is similar that
of an increase in . In our model, the investment level plays an important role so we

therefore obtain Fig. 10.

4.4 Differentiated products

We consider the effects of product differentiation here. To exclude the effect of market
expansion by product differentiation (Singh and Vives, 1984), we employ the Shubik and
Levitan (1980)-type utility function:'* w; = a(gi; +qj:) — (1 - 8)(¢% —}—q?i) - g(q“ +qji)?,
j #1i. p €0,1] is interpreted as the degree of product differentiation. That is, products
are homogeneous at 5 = 1 and are independent at 8 = 0. Moreover, under this utility
function, the aggregate demand in country H or F', ¢; + g;i, does not depend on the
degree of product differentiation. In particular, we have g;; + gj; = a — (P + pji)/2-
Hence, we can exclude the market expansion effect.

Solving the utility maximization problem, we have the inverse demand p; = a —
(2 = B)aii — Bgji and pij = a — (2 — B)gij — Bgj;- Then, firm i’s profit is II;(3)
i — (¢ — x4)]qui + [pij — (¢ — x3) — tilqij — 'yx? and carrier i’s profit is m;(3) = tiq;;. We

consider the same contract schemes and the same timing of the game. The equilibrium

outcomes under the fixed-price contract are
(a—c)2-=0)P3  fa (a —c)(16 — 168 + 35°) 4

fx _ _
Z; (B) = 2B, By 4y (B) = 42— )%,y )
/*(8) = (a—c)(16 — 168 + 36%)y®5

ij 251954 + A3(6 — 967) + 8B2(4dy — 5) + B(88 — 5127) + 64(4y — 1)’
oz = (1= )16~ 165+ 35%) "

4(2 — B) @2 ’
where we define ®,,, (m =1,...,6) as in Appendix C.

The equilibrium outcomes under the floating-price contract are
(a—c)(320—4483+20082-293%) 4(a—c)(8—383)(16—165+35%)y

l _ _

.’El(ﬁ) - \1’1 y qzz(/B) - \111 ;
_ _ _ 2 _ _ 212

dy(9) = O IEZ DO I HITN, ) Ha U165+ 350

M Our qualitative results do not change when using the utility function proposed by Singh and Vives
(1984).
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where U = 4834y 4 33(29 — 544~) 4 882(272y — 25) — 4486(8y — 1) + 64(32y — 5).

The equilibrium outcomes under the simultaneous move scenario are

(a—c)2-p)(A2-56) (a—c)(8 — 38)(16 — 168 + 36°)y

£i(5) = = G = e ,
a—-c — 2 a—c)(4— 2/ 2
() - LS IBITN ) (oo U394

where Uy = —63%y + B2(567 — 5) + B3(22 — 160v) + 8(16y — 3). The firm’s profit and
the carrier’s profit are IIf (8) = (2 — 8) ([} (8))* + [¢;(8)]?) — ~[=}(8)]* and =} (8) =
tf(ﬁ)qu(,é’) for k € {fx,l,s}.

Under our assumptions, 0 < 5 < 1 and v > 4/3, we compare equilibrium profit. By
numerical calculation, we depict the profit ranking of firm ¢ in Fig. 11. On the right,
we find TIL(8) > II5(8) > II/*(B); in the middle, we have TIL(8) > II/*(8) > II5(5);
and on the left, we obtain Hzfx(ﬁ) > TIL(B) > [$(B). That is, in the case with higher

product differentiation, the firms with fixed-price contracts earn larger profits.
[Fig. 11 around here]

The reason is as follows. When products are highly differentiated, competitions
between firms become less important. Then, the firms’ profits depend on vertical
relationships between the firms and carriers. Hence, a commitment toward aggressive
investment will increase profit in a channel. Therefore, product differentiation brings
higher profits to the firms.

Next, we consider the profit ranking of carrier i. Fig. 12 illustrates the numerical
calculation. In the lower right area, we have 73(3) > 7!(8) > W{I(ﬂ), in the middle,
we find 7 (3) > sz(ﬂ) > wl(B); and on the left, we obtain 7 °(3) > m(8) > 7L(B).
Hence, under higher product differentiation, carriers prefer fixed-price contracts. The

intuition behind this result is similar as in the case of firms.

[Fig. 12 around here]

4.5 Non-linear production costs

To check the robustness of Proposition 2, we introduce non-linear cost terms. For
simplicity, we assume that these terms take quadratic forms and that they are not

affected by R&D. We consider two cases: (i) adding o(g;; + ¢;;)? to firm i’s cost, and
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(i) adding 6(q¢2 + qu) to firm 4’s cost, where o and # are non-negative constants. Case
(i) is related to the situation where the production cost depends only on the total
output. Case (ii) implies that production plants are different for domestic and foreign
sales. In both two cases, if ¢ and 6 are zero, the model reduces to that in the previous
section. That is, by considering positive o and 6, we can discuss the effects of cost non-
linearity on the main results. The calculations and a formal expression of the results
are provided in Appendix D.

In case (i), we have the same ranking of the firm’s profit: f[é > f[f > ﬁzf ¥ where
the overbar denotes the equilibrium outcomes in case (i). Hence, our result is robust

for this type of non-linearity. On the other hand, for large o, we have a different result

for the carrier’s profit ranking. We depict the carrier’s profit ranking in Fig. 13. In
fa f

the shaded area, we have 7 > 7! > 7 > 7l

f

i

; in the dotted area, we have w7 > 7
and in the white area, we have 7/* > 7° > 7!, Hence, we confirm that the main result
K3 K]

is robust for small o only.
[Fig. 13 around here]

Next, we consider case (ii). We depict the firm’s profit ranking in Figs. 14-16. In
the shaded or dotted areas, the firm’s profit with the floating-price contract is larger
than that with the fixed-price contract. On the other hand, the white area shows the

reverse relationship. Hence, our main result is robust for small 6.

[Figs. 14-16 around here]
[Fig. 17 around here]

We depict the carrier’s profit ranking in Fig. 17. For small 6, the main result is
robust. That is, the carrier’s profit in the floating-price contract is larger than that in
the fixed-price contract if v is small; the reverse relationship is true if v takes a large
value. Moreover, under small 8, the fixed-price contract is not the best contract option
for carriers. However, for large 6, the fixed-price contract becomes the best option for
carriers. This point differs from the main result.

Summing up the results in cases (i) and (ii), as the non-linearity of the cost become
more effective, we find that the fixed-price contract yields larger profits to the firms and

to the carriers. The logic behind this result is simple. For large ¢ or 6, the marginal
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costs of the firms increase rapidly. Thus, cost-reducing R&D plays a more important
role. We know that the fixed-price contract leads to a large investment in order to
reduce costs. Hence, the fixed-price contract provides the largest profits for the firms

and the carriers.

5 Conclusion

In a vertical production relationship, upstream trading firms likely hold up downstream
R&D investment. If these upstream firms set a higher input price after observing down-
stream investment, then they can extract the downstream R&D benefit, and such op-
portunistic behavior reduces downstream innovation incentives. The previous literature
emphasizes that a fixed-price contract for the input price is required to overcome this
hold-up problem. In the fixed-price contract, upstream firms commit to an input price
level and downstream firms subsequently invest in cost-reducing R&D. By employing
the fixed-price contract, upstream firms set a lower input price to promote downstream
investment. Since this lower-price commitment increases outputs and demand for in-
puts through investment expansion, all firms become better off.

In contrast to this standard theory, we show that the fixed-price contract can harm
all firms. We consider a two-country, two-way trade model with two firm-specific car-
riers upstream, and two exporters downstream. FEach country has a carrier and an
exporting firm. While each country’s exporting firm freely supplies to the domestic
market, it uses a local carrier to export its product. Each carrier charges a transport
price and conveys its domestic exporting firm’s product. In this setting, exporters can
create a situation close to a domestic monopoly when the transport price is high enough.
Although the domestic monopoly is most profitable for exporters, the fixed-price con-
tract lowers the transport price and encourages firms to invest and export aggressively,
creating a market furthest from a domestic monopoly. This makes exporters worse off.
Furthermore, if R&D efficiency is high enough, carriers set considerably low transport
prices in the fixed-price contract. This also makes carriers worse off. We also examined
asymmetric contract schemes between two countries and the monopoly carrier case.
Moreover, we examined the robustness of the main result in three situations: positive

R&D spillovers; product differentiation; and non-linear production costs. We find that
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our main result holds in these extended cases.

This study shows that a fixed-price transportation contract can harm all firms
in both upstream and downstream markets when downstream firms engage in cost-
reducing R&D. Therefore, it would be interesting to investigate other forms of R&D,
such as product innovation and product quality improvement to determine whether our
result holds. However, this issue is beyond the scope of our study, and we thus leave it

to future research.
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Appendix A. Proofs

9v(157—8)(a—c)
2B —1) (97— 10)(97 ) (18— 7)

Proof of Proposition 1. (i) x{w —xf =
l 234~v(a—c)

> 0 and 2§ —

T = 5 i =) > O (ii) Differentiating (3), (7), and (12) w.r.t. ~, we obtain
f _ 27(17019* —49687° +5130~2 —2160v+320) (a—c) ! o 6192(a—c)
0ui™ /0y = — =iy o < 0 02i/07 =~ e <0,
and 0zf/0y = _(1125«5(1_7()2 < 0. Q.E.D.
. 1 117y(a—c) I fr 277(277—4) (a—c)
Proof of Lemma 1. (i) t/—t; = 2(18v—7§((1144(;—43) > 0and t;—t]" = 4(37_1;(977_10)(‘11442_43) >
0. (ii) Differentiating (2), (8), and (11) w.r.t. ~, we have 0t]/0y = (_114%&5:2) < 0;

81&%/67 = % < 0; 875{ )0y = _i(?;j :1600)3?;)?2(1“);0). From the last equation,

O 10y < (=) 0if 7 > (<) 25D ~ 591532, Q.E.D.

fx 9v(157—8)(a—c) >0

Proof of Lemma 2. I. Comparing exports, we get ai; —q;; = 5(67—10)(07—4)(187=7)

and qu — qﬁj = % > 0. Comparing domestic supplies, we have ¢;; — qﬁi =
195v(a—c) fz _ 97v(3y=2)(15y—8)(a—c) x 1 _
s (=13 > O G~ G T i@ _0)o—aas—n > 0 and g —¢; =

37v(675v2 —1434v+448)(a—c)
4(3y—1)(9v—10)(9v—4)(144v—43) *

~, we have qlff < (>) g, ify< (>) 7W ~ 1.74385. Comparing total sales, we
fz s 27(a—c)vy%(157—8) s 1 _ 273(a—c)
have Q7" — Qf = 4(3771)(97713)(9714)(18777) >0and QF —Q; = 2(18777)(144:;;43) > 0.
l _ 2 s —
I1. From (4), (9), and (13), we get dg;;/0y = —1032(a—c)/(144y —43)* <0, 9g;; /0y =

~21(a—c)/(18y=17)? < 0, dqfy" /0y = EFEIEHE < 0,04}/ 07 = ~2580(a-

From ¢/* — q;, solving 67592 — 1434y + 448 > 0 w.r.t.

i
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c)/(144y — 43)* < 0, dg5;/0y = —105(a — ¢)/[2(18y — 7)?] < 0, and dq)," /Oy =

—3(100357* ~353167° + 3848472~ 168007+2560) (a—c)
4(37-1)2(97-10)2(9y—4)?

0if v < (>) 4 ~ 1.48449. For the total sales, the derivation yields 0Q3 /0y =

—147(a — ¢)/[2(18y — 7)?] < 0, 0Q' /0y = —3612(a — c)/(144y — 43)? < 0, and

f _ —3(a—c)(3200—22080~+53856v2 —54108734-19683~%)
8Ql$/8'}/ = 1(97—4)2(972—10)2(3y—1)2 < 0. Q.E.D.

From the last equation, 8qlff [0y > (X)

Proof of Proposition 2. (i) Il — I = X ENN BN ¢ ang 113 — 11/” =

972 (15v7—8) (8748~* —12879~3 —864~2 444407 —1024) (a—c)? >0
16(37—1)2(97 10)2(97—4)2(187 7)2 :
I _ 315992(32y—11)(a—c fe _ _ 217°(157=8)(27Ty—4)(a—c)?
=D 10707 H)(187-77 ~ 0, and
fz l

(ii) 7} — m; 5(18y—7)2 (17— 43)2 >0, m —
3-2 214692y—43232
of® b = 2210108877 28530977+ 2146929—43282) (=) pry oy e Jast equation, ;] " —m; <

i 8(37 1)(97—10)2(9v—4)(1447—43)2
(>) 0if v < (>) v* ~ 1.74661. Q.E.D.

Proof of Proposition 3. (i) From Lemma 2, CS/* > CSf > CS.. Wifm - WP =

972 (157—8) (48603 —8667v2+40567—560) (a—c)? s l 11742 (5760y—2149) (a—c)?
33(37—1)2(97—10)2(97—4)(187—7)2 >0 and WF =W} = =g =z, —azyz ~ > 0-

(ii) Differentiating eqs. (15) and (16) w.r.t. v, we get

805{ v _ 99(18992—276v+80)(19683v* —54108+>+5385672 —220807+3200) (a—c)? 0
Oy - 16(37—1)3(97—10)3(97—4)3 <Y,
dCS;  303408y(a — c¢)? “0 9CS;  3087y(a—c)? “0
Oy (144 —43)3 o0y 418y —T)3 ’
458613976 195036667 +330450847 —282571207 (a —0)2
aWif r +127440007 —2880000v+256000 0
= — < ,
oy 16(9y — 4)2(3y — 1)3(9y — 10)3
! 43(10944v—1849)(a—c)? ow? 49(81v—28)(a—c)?
6Wz:_3(09 v—1849)(a—c) <0, and P (81y—28)(a—c) <o
oy (144~ — 43)3 Oy 4(18y —17)3
Q.E.D.

Proof of Proposition 4. (i) ﬁf—ﬁ{x = 372(%%gj+%>83(Vg;_i7)‘3'&1736)7§“_0)2 0, ﬁs ﬁl =

972(156967—6131)(a—c)? = rfr _ 3(a—c)?y?(59464—338688v+541809y2 — 17496073)
1s—2@ss, 13z > 0, and I —1L° = 16(37—1)2(97—4)%(2887_113)2

From the last equation, [T} — TI/* > (<) 0if y < (>) 7™ ~ 2.32792.

s\~ ~fr _ 9v2(576v—481)(a—c)?
(i) 7 — 7" = I(37—1)(97—4)(2887—113)

Q.E.D.

~f ~s 972 (a—c)?
;> 0and 7" — 75 = 1B =1)(0 =D (1872 > 0.

Appendix B. The outcomes in asymmetric contract schemes

fx , _ Lfz  3y(162073—347472 422567 —445) (a—c)
The domestic supply is ¢yp = ¢pp = 4(291672—7452~3+ 652572 —22927+275)
ILfz _ 3v(3240~3—7416~2 +5304'y 1145)(a—c)
UHH = 8(291672—745273 1652572 —22027+275)
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21673 —408v24216y— —
The exports are q}flel = q%f — __N(216y°—408y"+2167-35)(a—c)

37v(324~3 73872 4+528y—115)(a—c)
2(2916~2—7452v34652572 —2292++275) *

a‘1,1(1 fI,l —_ l:fx —_
= 1(291677—745273+ 652572 —22927+275) 4rp = 94r =

s e fxl L lLfx 81v(6y—5) (1272 —18y+5)(a—c) fxl Ll fz
The transport price is t}; ™ =t~ = 8(291671 745273 +6525~2—22927+275) and t" = tp
9v(6v—5) (5472 —78v+23)(a—c)

4(2916+%—745273+6525~2—22927+275) °

. . zl _ Lfr (11344323492 41452v—275)(a—c xzl
The R&D investment is m;{ = fo = 2(91@2774527;+65257;72292)§+27)5 and $£ =
Shfr (194493 -412242497097-550) (a—c)
H = 2(29164%—74523+652572—22927+275) * , , , , ,
s . fxl _ _Lfx _ 729v°(124°—18v+45)(108vy*—132~v+35)(a—c fz,l
The carrier’s profit is 7y, " = w5~ = 32(2(9167477452W?3+(65257272292732(75)2) and 7, " =
ILfx _ 27(6y—5)%2~%(54v%2—78y+23)%(a—c)?
TH = 8(291677— 7452751652572 —2292+275)2 °

The firm’s profit is

[ 136993687 —68076936~°+140342706~° —155262420~* )
e ! + 99424098+% — 36849672+2 + 73295257 — 605000 (a=c)
"o 8(2916~% — 745273 + 65252 — 2292y + 275)2 ’
[ 109594944~7 —561831552v5+1188421632+° —1338126480~* )
el _ ! + 8621652967> — 3167688962 + 61382025+ — 4840000 @)
Jal _

64(2916~v* — 7452+3 + 65252 — 2292~ + 275)2 ’
where T4 = I1%/* and 1157 = T14/*.
Derivation of multiple equilibria. From (5), (10), H;f’l (= Ha}fz), and H{f’l (= Héglfx),

we have
m — el — 37 (a—c)? x A1 >0
i H = 8(1447—43)2(2916~1—745273+ 652572 —2292~+275)2 1 ;
fz _ lfz _ 3v2(a—c)?
" = = 51317071007 (07 1) 2(2016, 7745295 1652597~ 22929 1 275)2 < Az >0,

where A1 = 1201765248y —3051809784~5+1210040856°+31553331307* —4170870684~>+-
209718815472 —4853449207+42887825 > 0 and Ap = 495898225921 —308099731104~10+
7904525888167 —1034271342324+%4-609048392112+7+125643515229~5 —489041480826~° +
3832685233657+ — 1609769871723 + 393715267562 — 5285282400~ + 301640000 > 0.
Hence, there is no incentive for firms H and F' to deviate from [ and fx. When in
the first stage of the game, two firms can choose between two types of contract (i.e., a
floating-price or a fixed-price contract), only the multiple equilibria (fx and [) appear.
Reduction in outputs. The deviation from fx reduces the total output (the sum of

domestic supply and exports) of the deviating firm. The above outcomes in the asym-

24



metric contract schemes and (4) yield

fx fx Lfz | Lfry _ 3v(3y—2)(58320y* —171234~3+174321~2 —71325v+10100)(a—c)

(rptanr) — (digtagp) = 8(3—1)(97—10)(97—4) (2016, T—7452, 5 F 65252 — 229271 275) = O-

Appendix C. Definition of ¢,

We define ®,,, (m = 1,...,6) as follows: ®; = 333v+32(4—28v)+168(5y—1)—64~+16,
Py = 278542 +27B5(1 — 167)y + 65%(1 — 55 + 45672) — 433(13 — 386 + 217672) +
243%(7— 144y +60872) — 163(15 — 232y +76872) +128(1 — 12y +32v2), &3 = 1358772 —
368357(69y —5) +4835(1 — 53y +393+2) — 1684(32 — 909y +4772+2) + 12833 (17 — 337~y +
138672) — 5126%(9 — 137~ + 462+2) + 2563(19 — 2327 + 65672) — 2048(1 — 107y + 24+?),
dy = 818772 —6857(252y — 19) +8B°(4 — 205 + 1458+2) — 834(44 — 1193~ + 600072) +
12833 (12 — 225+ +88672) — 2563 (13 — 186 + 6007%) + 5123(7 — 807 +21672) —512(3 —
287 + 6472), &5 = —9B8%y — B3(8 — 967) — 168%(22y — 3) — 3(96 — 5127) — 64(4y — 1),
and ®g = —933y — B2(4 — 60v) — 163(7Ty — 1) + 64 — 16.

Appendix D. Non-linear production costs

Throughout this section, we assume ~ > %.

e Case (i). Incorporating o(g; + gij)* into the cost function of firm 4, the profit of
firm i is II; = [p; — (¢ — xi)]qii + [pj — (¢ — x3) — tilqi; — 0(qii + ¢ij)* — y2?. Because
the settings other than the firm’s cost are much the same, we obtain the following
equilibrium outcomes in a similar way to that described in Section 3.

For the fixed-price contract, we have

oA | 7PUo+1)%(o +3)%(640” + 700 + 15)
ii 4A{$A£C’7A§x — 2y(40+1)(40+3)(640+35)(20+1)% + 64(20+1)*

fa A
g’ = e e Do Do+ 3)(80 +3) — 820 + 1),
2 3

- 3\
L = e e
4NN
. (a—c)(1420)? Y2 (40 + 1)%(40 + 3)2(8002 + 920 + 21)
N NIV
2A"ALTALT | = 4y(do+1)(40+3)(400+23) (20 +1)2+80(20+1)

[v(4o + 1) (40 + 3) — 4(20 + 1)?],

where A = (a — ¢)y(4o + 1)(40 + 3), A{I = y(o + 1)(40 + 1)(40 + 3) — (20 + 1),
AT = 4(40+1)(4043)2—4(20+1)2, and AJ” = (40 +1)(4043)(100+3)—10(20+1)2.
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o — g7 —qlf — (c—

NG +la—qlf —al — (c—al") ~ gl —o(al +al7)? —(@]")? and 7" = £q]7,

(23

Then, the equilibrium profits of firm ¢ and carrier 7 are I:I{ v

respectively.

For the floating-price contract, we have

A
0 = A (12800 +24240°+16120°+4500+45),
8\
T; = A (1600*4-3485°+2600+810 + 9),
12(a —
i = (NC)7(2U +1)(100 + 3)(166° + 160 + 3)?,

Tt = (GA_ZC)(5120006+14796805—|—17216004—1—103168a3+3361602+5664a—|—387),

where A! = 16v(400% 4420 +9)%(80% + 1402+ 70 +1) —512000° — 1479680° — 17216004 —
10316802 — 3361602 — 56640 — 387. Then, substituting the outcome into the profits of
firm ¢ and carrier i, we obtain the following equilibrium profits: ﬁé and fré, respectively.

For the simultaneous move scenario, we have

A A
@ = 5 ~(640% + 700 + 15); q}; = E(&f? + 110 + 3),
= 1 (40 +1)(40 + 3); =5 = (aj; ) (20 4 1)%(8002 + 920 + 21),

where A* = 2vy(0+1)(40+1)(40+3)?(100+3) — (20 + 1)%(8002 + 920 + 21). Then,
substituting the outcome into the profits of firm ¢ and carrier 7, we obtain the following
equilibrium profits: lzlf and 77, respectively.

Comparing firm ¢’s profit in each case, we establish the following proposition.
Proposition 5. For any o >0, I > 113 > lzlzfx.

Proof. First, we show IIt > II¢. The sign of II} — II¢ depends on the sign of v1(c)y —
va(a), where v (o) = 16(40 + 3)3(100 + 3)%(194560° + 5683205 + 652160 + 3792002 +
1186002 + 19030 + 123) and vz(0) = 498073600010 + 240884121607 + 51492945920° +
64058163200 +51354705920%+27726346240°+10212866560* +2535613440°+4063824002 +
37997640 + 157545. Because vy (o) and ve(o) take positive values for any o > 0 and
v > 4/3 holds, we have v(0)y — va(o) > 4v1(0)/3 — v2(c). We can easily show that
4v1(0)/3 — va(a) > 0. Therefore, TI¢ > TI3.

Next, we show that IIf > lzlfx. The sign of II§ — f[fm is equal to that of [yi(o)y —
yo(o)] Ziﬁzo z(7)o", where yo(0) = 8(20 + 1)3 and y1 (o) = (2560 + 51203 + 38402 +
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1280 + 15); 20(7y) = 9(11664~3 — 12879v% — 5767 + 1480), 21(y) = 27(15552073 —
1655372 + 13024y + 9024), () = 16(47975497° — 485125272 + 7332487 + 99926),
23(7) = 4(21265999273 —20182567572+384625927-+444832), 2z4(7) = 32(19974211273—
17605514772 +366708167—1244260), 25(7) = 64(539282232+3 43723167372 +92542472y—
4814512), zg(7y) = 512(270509940~3 — 19985880972 4 41068456~ — 2378035), z7(7y) =
6144(68573952v% — 457132502 + 88202267y — 507209), z3(y) = 8192(119889508~> —
7129658772 +125540707—672212), 29(v) = 16384(1074964327% —56230476~2+8782944~—
416225), z10(y) = 131072(1848939273 — 835065942 + 1119704~y — 44523), z11(y) =
262144(9667480y% — 367330572 + 404860y — 12573), z12(y) = 4194304(47125273 —
14493992 + 12295y — 264), z13(7) = 4194304(265304~3 — 620552 + 3600y — 40),
z14(7y) = 1342177287(318192 — 504y + 15), 215(y) = 16106127367%(62y — 5), and
z16(7y) = 107374182403,

Because y; (o) is positive and v > 4/3, y1(0)y—yo(c) must be larger than 4y, (c)/3—
yo(o). Moreover, we can show that 4y;(0)/3 — yo(o) > 0. Hence, we have yi(o)y —
yo(o) > 0. Here, we show >S9 2.(7)0” > 0. Because we assume v > 4/3, the first
derivative of z,() with respect to 7 takes a positive value for any r = 0,1,...,16.
Hence, 216:0 zr(y)o" > 0 because o > 0. Therefore, [y1(0)y —yo(0)] Ziio zr(y)o" >0,
which leads to IT¢ > TI/*. Q.E.D.

Next, we compare the profits of carrier ¢ in each case. Using a numerical calculation,

we obtain the following result.

l

i

> ﬁfo; if v and o take
f

i

Result 1. If v and o take small positive values, 7} > T
f

intermediate values, @f > 7" > 7’75; and if v and o take large values, 7" > 75 > ﬁ'é.

7

e Case (ii). Incorporating 0(q% + qu) into the cost function, the profit of firm 4 is
I = [pi — (¢ — 2)lqi + [pj — (¢ — i) — tilgiy — 0(a% + ¢3) — ya?.

A similar calculation in the case (i) yields the following equilibrium outcomes.

27



For the fixed-price contract, we have

e (a—c)yw | 7(40+5)(40%+8043) 4 16(30+4)(0+1)*
YGi = L Sfrafrofr
A0S | — 24(11204+48003+73602+4720+105) (0+1)2

il = (W%ﬂ[ (407 + 80 + 3)? — 8(A + 1),
Ef:p _ (a — C)’wa [ 2 _ 2
- 7(20 +1)7(20 + 3) — 4(0 + 1),

o4+ 0)0ital
e (a—c)(1+0) | v(60+7)(40°+80+43)° + 16(46+5)(6+1)*
Ti T o ofraoftofr
2070578 | — 4y(800%+3360%+50462+3160+69) (0+1)2

where w = 4624+80+3, QO = v(20+1)(20+3)2—4(0+1)2, Qf* = v(462+80+3)—0—1,
and ng = v(46? + 80 + 3)? — 2(6 + 1)%(40 + 5). Then, the equilibrium profits of firm
i and carrier i are Hf =la— qix fw —(c— fm)]q£ + [a q]ff — c}sz (c— :%fx) -
2gfm ~fx ~fxr\2 ~fxy\2 fx\2 ~fr _ pfx~fx
i 1ag; —0l(a )2+ (a;; 2] = ~(2]")? and #]" =t g;; , respectively.
For the floating-price contract, we have
A 4a—c)y(5+40)w ,  8(a—c)y(l+0)w

qi; = Ql ) q'zj - Ql )
g Aa—ow? (a—c)(406° + 12867 + 13260 + 43)
t; = g = ol )

where Q! = 16v(260 + 3)2(2602 4 30 + 1) — 400% — 1280% — 13260 — 43. Then, substituting
the outcome into the profits of firm ¢ and carrier i, we obtain the following equilibrium
profits: f[i and frﬁ, respectively.

For the simultaneous move scenario, we have

s _(a—c)y(5+40)w ., (a—c)yw, As_(a—c)vw? a5 (a—c)(140)(7+60)
T e 0 T s 0 Mg 05 ’

where Q% = 2v(20 +1)(20 + 3)% — (0 4+ 1)(60 + 7). Then, substituting the outcome into

the profits of firm ¢ and carrier i, we obtain the following equilibrium profits: f[f and
77, respectively.

Using a numerical calculation, we obtain the following result.

Result 2. If v and 0 take small positive values, f[ﬁ > ﬁs > fo, if v and 0 take
intermediate values, f[ﬁ > ﬂfm > f[f, and if v and 0 take large values, H{x > f[ﬁ > f[f

Result 3. If v and 0 take small positive values, T} > 7Tl > 7T ;if v and 6 take

~ fx ~ fx

intermediate values, 7§ > ;" > 7r - and if v and 0 take large values, ;" > 7} > 7Ti.
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Figure 1: R&D investment

Note: Black line is k = fz; Gray line is k = [; Dashed line is k£ = s.

.15
.10
. 05
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Figure 2: Transport prices

Note: Black line is &k = fx; Gray line is k = [; Dashed line is k£ = s.
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Figure 3: Graph of outputs (Exports on the left; domestic supply on the right)

Note: Black line is k = fz; Gray line is k = [; Dashed line is k£ = s.
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Figure 4: Graph of profits (firm’s profit on the left; carrier’s profit on the right)

Note: Black line is k = fx; Gray line is k = [; Dashed line is k = s.
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Figure 5: Graph of profits (firm’s profit on the left; carrier’s profit on the right)

Note: Red line is II! (7}); Dashed-red line is H;f’l = Higfm (w{f’l = Wé}fm);
Black line is IT/* (7/*); Dashed-black line is TT5/" = I/ (xh/™ = 7124y,

tk/ (a-c) xk/ (a-c)

0.30

0. 25"
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Figure 6: Graph of transport prices and R&D investment (transport prices on the left;
R&D investment on the right)

Note: Red line is ! (2!); Dashed-red line is t{qm’l = ta}fm (:L‘J;fl = mé}fm);
Black line is t/* (/"); Dashed-black line is t5/" = 174 (zhf™ = 277t
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Figure 7: Graph of outputs (exports on the left; domestic supply on the right)

fx:l _ lvfx ( fle _ l,fﬂf)

Note: Red line is qu (¢};); Dashed-red line is aupr =495y (Gug = 957 );
Black line is qi];x (qix), Dashed-black line is q%’}fﬁ” = q{f}}l (qgfg = q{,a}l).
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Figure 8: Graph of exports

Note: Black line is & = fx; Gray line is & = [; Dashed-line is k£ = s.
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0.302
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Figure 9: Graph of transport prices and R&D investment (transport prices on the left;
R&D investment on the right)

Note: Black line is &k = fx; Gray line is k = [; Dashed-line is k£ = s.
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w3 (6) > 7l *(8) > wl(6)
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Figure 10: Profit ranking for carrier ¢ with spillover

I/*(8) > T(8) > I3 (8)

‘ () > I3 (8) > T1/%(B)
|
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I(8) > I{*(B) > 11 (B)

Figure 11: Profit ranking for firm ¢ with product differentiation
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Figure 12: Profit ranking for carrier ¢« with product differentiation
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Figure 15: Profit ranking for 6 € [0.2,0.4] Figure 16: Profit ranking for 6 € [1.67,1.70]
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Figure 17: Carrier’s profit ranking for 6(gZ + qu)
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