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thereby increasing consumer surplus while reducing firm profits. However, domestic

welfare rises only in the country whose port holds a stake in the foreign port. Under

tariff protection, by contrast, port cross-ownership induces countries to differentiate

their tariff policies, with the country whose port holds a stake in the other setting a

lower tariff. As a result, firm profits increase substantially in the other country, while

consumers are not excessively disadvantaged. Depending on the degree of privatization,
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1 Introduction

In global maritime trade, ports play a critical role in facilitating the movement of goods

across different regions. In recent years, cross-ownership in port infrastructure has become a

critical issue in international trade and maritime economics (e.g., Notteboom and Rodrigue,

2005; Slack and Frémont, 2005; Cullinane and Wang, 2010; Notteboom et al., 2022). Cross-

ownership refers to situations where a single entity holds shares in multiple ports, potentially

influencing market competition, pricing strategies, and logistical efficiency (e.g., OECD,

2011).

One of the most debated cases of cross-ownership in ports is the acquisition of a majority

stake in the Piraeus Port (Greece) by China COSCO Shipping Corporation (COSCO) (e.g.,

Psaraftis and Pallis, 2012). Initially acquiring a 51% stake in 2016, COSCO later increased

its ownership to 67%, gaining significant control over one of the Mediterraneans most strate-

gic maritime hubs. Other important examples of port cross-ownership include the case of

COSCO Shipping Ports, which in 2018 acquired a stake in the Port of Zeebrugge, Belgiums

second-largest port that serves as a gateway for Chinese exports to Northern Europe, and

the case of Dubai Ports World (DP World), a state-owned port operator from the UAE that

has aggressively expanded by acquiring stakes in multiple ports worldwide, among which

Jebel Ali (UAE), London Gateway (UK), Antwerp (Belgium), and Prince Rupert (Canada).

Traditionally, economic and policy discussions on port cross-ownership have focused on

competition among ports and the risks of monopolistic control. However, an equally impor-

tant yet less explored phenomenon is cross-ownership in complementary ports—a situation

where a single entity owns stakes in multiple ports that do not compete directly but instead

serve different functions within the same transportation network or supply chain.1 Cross-

1The examples provided above largely refer to cross-ownership in complementary ports. Dubais DP

World owns Jebel Ali Port (UAE) and London Gateway (UK) which are not direct competitors, as they

are strategically linked by maritime and logistics chains serving Middle East-Europe trade. Similarly, China

COSCO Shipping Corporation has invested in multiple ports that form part of the Belt and Road Initiative,

including Piraeus (Greece), Valencia (Spain), and Djibouti (Africa) and they function in a complementary

fashion, connecting Europe, Asia, and Africa through a unified trade network. Another example relates to
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ownership in complementary ports is particularly relevant for international trade across dif-

ferent countries or in cases where cargo must pass through multiple ports before reaching its

final destination, such as transshipment hubs, trade corridors, or multimodal logistics chains.

However, when ports are complementary rather than competitive, the dynamics change sig-

nificantly. In such cases, a single entity owning stakes in multiple ports along the same

supply chain can lead to efficiency gains, streamlined logistics, and enhanced trade facilita-

tion, but also raises concerns about potential over-centralization of control (e.g., European

Commission, 2013; ITF, 2015).

In assessing the effects of port cross-ownership on international trade, port performance,

and national welfare, two interacting dimensions warrant particular attention: the degree of

port privatization and the tariff protection policies implemented by the countries (govern-

ments) involved. Starting from 1980s, the ownership and governance of ports has changed

dramatically and private sector investment and involvement in ports has emerged as a signif-

icant issue (e.g., Rodal and Mulder, 1993; Trujillo and Nombela, 1999; Baird, 2000; Brooks,

2004; Midoro et al., 2005; Tongzon and Heng, 2005). According to the general category

(ownership structure) defined by The World Bank (2007), ownership and management mod-

els that combine public and private participation in port activities include “tool” ports,

where all the port infrastructures and superstructures are publicly owned, whilst some ser-

vices, especially cargo handling, are provided as concessions to the private sector to run, and

“landlord” ports, in which the port authority acts as regulatory body and as landlord, while

port operators are carried out by private companies.2 The degree of port privatization is ex-

pected to significantly influence the implications of cross-ownership, as private entities seek

to optimize profits, while public or semi-public ports often prioritize national and regional

economic interests and welfare.

APM Terminals (Maersk Group), which operates key ports along North-South trade routes, including Lázaro

Cárdenas (Mexico) and Callao (Peru). These ports are not competitors but function as part of a logistics

network for Latin America-US trade.
2The Port of Chittagong in Bangladesh exemplifies the tool port, while examples of landlord ports are

Rotterdam, Antwerp, New York, and since 1997, Singapore (e.g., Cui and Notteboom, 2017).
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Trade tariffs remain one of the most prominent tools used by governments to protect

domestic industries from foreign competition. While the direct effects of tariff protection on

trade flows and welfare are well-established in the literature (Brander and Spencer, 1984a,

1984b; Bagwell and Staiger, 1999), the presence of cross-ownership in ports introduces new

strategic considerations. In particular, when a port operator holds stakes in both the ex-

porting and importing country’s ports—or in complementary hubs along the same trade

corridor—it may internalize part of the distortionary effects of tariffs and influence trade

logistics decisions in a way that alters the effectiveness or incidence of protectionist mea-

sures. Moreover, cross-ownership may dampen the protective effect of tariffs by aligning

the interests of foreign and domestic port operators, reducing incentives for aggressive trade

defense policies.3

Within an international oligopoly game-theoretical framework, this paper examines the

strategic interplay among cross-ownership between complementary ports, the degree of port

privatization, and tariff protection. Specifically, it seeks to identify the economic benefits

and drawbacks of port cross-ownership, as well as the conditions under which such ownership

structures undermine, reinforce, or neutralize the intended protective effects of tariffs. The

analysis also considers how alternative models of port governance shape the incentives of

ports and firms, influence trade diversion strategies, and affect the broader welfare implica-

tions of protectionism. These issues are central to the fields of transportation and maritime

economics, industrial organization, and strategic trade.

Considering a model with two countries/markets (home and foreign), each hosting one

firm and one port, and assuming that the home-country port holds an ownership share in

the foreign-country port, cross-ownership generates significant and asymmetric effects on

the usage fee strategies adopted by the two ports. At the same time, regardless of the

degree of port privatization or the size of the home port’s stake in the foreign port, cross-

3Port cross-ownership may also affect the political economy of tariff formation, especially if influential

port operators lobby for reduced trade barriers to protect their integrated networks (e.g., Van Long, 2004;

Bandyopadhyay et al., 2012).
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ownership consistently reduces the overall level of port usage fees. Under free trade, this

unequivocally expands international trade and intensifies competition between firms. As a

consequence, consumers in both countries are better off, while firms are worse off. Moreover,

although the home-country port experiences a reduction in its own profits, it also collects

a share of the foreign port’s profits, thereby achieving an overall increase in profitability—

while the opposite holds for the foreign port. This divergence in port profits proves crucial

in shaping the differential impact of cross-ownership on domestic welfare: cross-ownership

always enhances welfare in the home country, while it consistently reduces welfare in the

foreign country.

Introducing trade tariffs produces significant changes. Tariff protection strategies adopted

by the two countries vary markedly depending on the ownership share held by the home-

country port in the foreign port. Specifically, the tariff set by the home-country government

decreases as the cross-ownership share increases, whereas the opposite holds for the foreign-

country government. This implies that the tariff differential between the two countries widens

with higher levels of port cross-ownership. As a result, although overall port usage fees

continue to fall with cross-ownership, when the degree of port privatization is high, exports

from the home-country firm decline due to the elevated tariff imposed by the foreign country.

This softens competition in the foreign market, leading to higher firm profits but lower

consumer surplus. Furthermore, when port privatization is sufficiently high, the positive

impact on firm profits outweighs the negative effects on consumers and on overall collected

port profits. Consequently, cross-ownership also enhances domestic welfare in the foreign

country, making it mutually beneficial.

While the results discussed above highlight the role of port cross-ownership in shaping

welfare outcomes, the impact of tariff protection also proves to be strongly influenced by

cross-ownership, leading to outcomes that diverge from conventional wisdom and standard

findings. In particular, when the home-country port holds a sufficiently large stake in the

foreign port, the presence of tariffs is not necessarily beneficial for domestic firms and harmful

for consumers and overall welfare. Since cross-ownership plays a central role in shaping
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countries’ tariff choices, its welfare effects differ across countries. As noted earlier, the home

country, whose port holds a stake abroad, is induced to set lower tariffs, whereas the opposite

holds for the foreign country. At the same time, tariffs prompt both ports—especially the

foreign port, and particularly when ports are largely state-owned—to reduce usage fees.

These countervailing forces generate a situation in which competition in the home-country

market intensifies, producing the novel outcome that tariff protection may increase consumer

surplus while reducing firm profits. By contrast, in the foreign country, high tariffs combined

with lower port usage fees may substantially raise firm profits and tariff revenue, making

tariff protection even beneficial to overall domestic welfare.

The remaining part of the paper is organized as follows. Section 2 describes the con-

tribution of this work with respect to the received literature. In Section 3, the theoretical

framework is introduced and equilibrium outcomes relative to port usage fees and welfare

components are derived for the benchmark case of free trade (no tariffs). In Section 4, tariff

protection is introduced into the analysis. In particular, equilibrium results are obtained in

the presence of tariffs and the main propositions, relative to the impact of cross-ownership

and tariff protection on welfare outcomes, are presented. Finally, Section 5 provides con-

cluding remarks while technical details and proofs are relegated to the final Appendix.

2 Related literature

Cross-ownership, whereby firms hold minority stakes in one another, represents a well-

established research area in the Industrial Organization literature, given its potential im-

pact on competition and firm behavior (e.g., Farrell and Shapiro, 1990; Macho-Stadler and

Verdier 1991; Reitman, 1994; Gilo et al., 2006; López and Vives, 2019; Vives, 2020; Huse et

al., 2024). Building on the seminal contributions of Lee (1990) and Dick (1993), a strand of

the literature has also examined cross-ownership in an international context, investigating

its effects on policymakers trade policy incentives as well as on the strategic responses of

competing firms (e.g., Welzel, 1995; Van Long and Soubeyran, 2002; Ishikawa et al., 2011;
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Din et al., 2016; Fanti and Buccella, 2016, 2021; Zhang and Lee, 2023; Chang and Dong,

2024; Mukherjee and Sinha, 2024).4 This body of research highlights that cross-ownership

can sometimes render public intervention more desirable than under free trade.5 In addi-

tion, recent works also underline a strong interdependence between firm privatization and

strategic trade policies (see, e.g., Chao and Yu, 2006; Van Long and Stähler, 2009 provide

an excellent survey of this literature). While the existing strands of literature consider cross-

ownership and privatization among firms that compete directly with one another, this paper

instead focuses on ports, which provide complementary transportation services to firms—an

aspect that has not yet been addressed in the received literature. Moreover, it examines how

port cross-ownership and privatization influence countries’ tariff protection strategies and,

in turn, the usage fees set by ports, which constitute the essential infrastructure enabling

international trade when firms are located in different countries. In this way, the paper

complements the literature on cross-ownership, privatization, and strategic trade involving

international firms.

This work relates more specifically to the industrial organization and game-theoretical

literature applied to port economics (see Hidalgo-Gallego et al., 2017, and Pujats et al., 2020,

for two surveys), where, to the best of my knowledge, the issue of port cross-ownership has

not yet been explored. In particular, it builds on the model of Matsushima and Takauchi

(2014), which is extended here by incorporating port cross-ownership and tariff protection.

Moreover, while Matsushima and Takauchi (2014) endogenize port ownership structures

by considering only fully state-owned or fully private configurations, this paper, in line

with real-world cases of partially privatized ports, considers exogenous ownership structures

4Cai and Karasawa-Ohtashiro (2015) analyze how the international cross-ownership of firms affects strate-

gic incentives of a public firm towards privatization, showing that they modify according to the mode of

competition (quantities versus prices) in the product market.
5The canonical model to which this literature generally refers originates from Brander and Spencer (1984a,

1984b, 1985) and Eaton and Grossman (1986). In that framework, two exporting firms compete in the market

of a third importing country, and strategic trade policies may involve export subsidies (or taxes) and/or tariffs

imposed by the importing country on the exporting firms. By contrast, this paper adopts a reciprocal trade

model à la Brander and Krugman (1983), in which trade policy takes the form of reciprocal tariffs.
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characterized by varying degrees of privatization.6

In the port economics literature, Choi and Lim (2018) and Xu et al. (2025) address

issues that are somewhat related to those examined in this work. Choi and Lim (2018)

develop an import-competing trade model in which two firms compete in the same market,

analyzing equilibrium outcomes under both free trade and tariff protection (via a specific

import tariff imposed by the importing country), as well as the endogenous determination

of port ownership structures under different tariff regimes. This work departs from theirs in

several respects. First, it introduces port cross-ownership into the analysis. Second, while

Choi and Lim (2018) adopt a single-market import-competing framework—thus considering

only one government setting tariffs—this paper focuses on a reciprocal trade model that

captures how each government reacts to the trade policies of the other. Finally, whereas Choi

and Lim (2018) limit their analysis to the polar cases of fully public or fully private ownership

structures and emphasize endogenous government choice, this study assumes (exogenous)

ownership structures with varying degrees of privatization.

Xu et al. (2025) investigate horizontal port integration between public and private ports

under mixed ownership. They analyze two types of integration—between a private port

and a neighboring public port, or a non-adjacent public port—and evaluate the effects on

profitability, as well as on local and social welfare.7 While port integration may be somewhat

related to cross-ownership, the two are conceptually distinct. Integration implies unified

decision-making, whereas in the passive cross-ownership framework considered here, ports

retain separate objectives and strategic autonomy. In addition, Xu et al. (2025) adopt a

different theoretical framework (a Hotelling linear city model) and do not address strategic

trade issues.

6Other contributions in this literature examine how port ownership structures affect port charges and

economic/welfare outcomes in different contexts (e.g., Xiao et al., 2012; Czerny et al., 2014; Wan et al., 2016;

Lee et al., 2017; Meccheri, 2024). None of these studies investigates the interplay among cross-ownership,

privatization, and tariff protection in shaping final outcomes.
7Xu and Lee (2024) instead examine port-supply chain integration between a port (public or private) and

its shipping line, analyzing competition and contracts under mixed ownership.
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3 Model

Consider a two-country setting à la Brander and Krugman (1983) where two firms (one in

each country) provide their products to two identical countries, thus competing oligopolis-

tically in both countries. Each country has a port and when a firm exports, it must use

the two ports. Products are homogeneous and the inverse demand function for each firm is

given by:

pi = 1− (qii + qji) (1)

where pi denotes the price in country i and qji is the quantity supplied in market (country)

i by the firm located in country j, with i, j = H(home), F (foreign), i 6= j.

Without loss of generality, let us assume that the home-country port holds an equity

stake in the foreign-country port.8 Hence, port F is jointly owned, with owner F holding

the majority of shares and thus retaining control of the port (i.e., unilateral and passive port

cross-ownership). Denoting by λ the equity share of owner H in port F , we have λ ∈ (0, 1
2
).

For simplicity, assume that ports incur no operating costs. As the total volume of goods

handled by each port is (qij + qji), port profits are given by Ri = fi(qij + qji), where fi is the

usage fee charged by port i per unit of good handled.

In addition, each government may impose a per-unit trade tariff ti. Since firms incur no

costs other than those associated with exporting and transportation, the profit of firm i is

8As commonly assumed in the literature (e.g., Vives, 2020), the stake is considered to be exogenously

determined, for instance due to geopolitical reasons.
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given by:9

Πi = πii + πij = piqii + [pj − (fi + fj + tj)]qij. (2)

Each port is partly privatized and aims at maximizing the following objective function:

Φi = (1− α)Wi + αRi (3)

where α ∈ (0, 1) is the degree of port privatization, which is assumed to be the same in both

countries, Wi is the domestic welfare of country i, while Ri represents overall profits that are

actually collected by the port i. More specifically, we have:

RH = RH + λRF ; RF = (1− λ)RF . (4)

Accordingly, domestic welfare in the country i is given by:

Wi = Πi +Ri + CSi + tiqji (5)

where CSi = (q2ii + q2ji + 2qiiqji)/2 represents country i’s consumer surplus.

In what follows, a game is studied with the following timing: in the first stage, govern-

ments set import tariffs; in the second stage, port owners set usage fees; in the third stage,

firms choose their quantities in the two markets. At each stage, the agents involved take

their decisions simultaneously and, as usual, the game is solved through backward induction.

9For simplicity, shipping costs—commonly included in this type of model (e.g., Matsushima and Takauchi,

2014; Choi and Lim, 2018; Meccheri, 2024)—are omitted here. Their exclusion does not affect qualitatively

the main results concerning the interplay between cross-ownership and tariff protection. Furthermore, with

respect to the usage fee fi, note that ports cannot price discriminate between domestic and foreign firms.

As highlighted by Czerny et al. (2014, p. 213) and Matsushima and Takauchi (2014, p. 384), this restriction

is consistent with Article 5 of the General Agreement on Tariffs and Trade (GATT) 1994, which requires

non-discriminatory treatment between agents in home and foreign countries.
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3.1 Market game

In the third stage (market game), firms compete in quantities in both markets. In particular,

the firm i maximizes Eq. (2) with respect to qii and qij taking port usage fees and tariffs

as given. Solving the system of first-order conditions, we obtain the following equilibrium

outputs at the final stage by the firm located in country i:

qii(fi, fj) =
1 + fi + fj + tj

3
; qij(fi, fj) =

1− 2(fi + fj + tj)

3
. (6)

Intuitively, higher usage fees set by ports and import tariffs set by the government in the

other country discourage firms from selling abroad and make it relatively more convenient

to sell their output at home.

3.2 Port usage fees

In the second stage, ports fix their usage fees. In particular, each port maximizes Eq. (3)

with respect to fi, taking (6) into account. From the first-order conditions we get:

fH(fF ) =
2(1 + 2α) + 2(1− 4α)tF − 3(3− α)tH − (1 + 12λ+ 11α)fF

13 + 11α
(7)

fF (fH) =
2(1 + 2α)− 6λ− 3(3− α− 2λ)tF + 2(1− 4α + 3λ)tH − (1− 12λ+ 11α)fH

13− 24λ+ 11α
.

(8)

It is worth noting that while the home-country port lowers (resp. raises) its fee when the

foreign-country port sets a higher (resp. lower) fee, the latter, depending on the ownership

share λ and the degree of privatization α, may either reduce or increase its fee when port

H sets a higher fee.10 This partly differs from standard results in the related literature

(without port cross-ownership), where port usage fees are typically strategic substitutes

10Formally, we have that ∂fH
∂fF

= − 1+12λ+11α
13+11α < 0, for any α ∈ (0, 1) and λ ∈

(
0, 12
)
. Instead, ∂fF

∂fH
=

− 1−12λ+11α
13−24λ+11α R 0⇔ λ R 1+11α

12 .

11



(e.g., Matsushima and Takauchi, 2014).11 This outcome is confirmed for the fees set by port

H and, when the degree of port privatization is sufficiently high, also for those set by port

F . Indeed, when port H raises its fees, international trade declines, thereby reducing port

profits. Consequently, when port F primarily cares about its own profits, it will respond by

lowering its fees, regardless of its ownership share.

Still, when the degree of port privatization is low and, in particular, the stake of port

H in port F is high, the role of profits in shaping the foreign port’s fee-setting decision

becomes progressively less important.12 More specifically, when ports are predominantly

state-owned, their fees are, ceteris paribus, lower, resulting in higher international trade

and greater consumer surplus. However, as port H raises its fees and increases the cost of

international trade, competition between firms diminishes, market prices rise, and production

shifts toward the domestic markets. In this setting, firms benefit, while ports and consumers

are worse off. In the foreign country, however—also because the share of port profits that

can be collected is relatively small—the net effect is positive, and domestic welfare increases.

Consequently, port F responds by raising its fees, thereby discouraging international trade

further.

Solving the system given by Eqs. (7) and (8), the following subgame equilibrium usage

fees can be obtained:

fH =
4(1 + 2α) + 12λ2 − (11 + 13α)λ

4(1− λ)(7− 6λ+ 11α)
− AHtH +BHtF

24(1− λ)(7− 6λ+ 11α)
(9)

fF =
4(1 + 2α)− (9 + 3α)λ

4(1− λ)(7− 6λ+ 11α)
− AF tH +BF tF

24(1− λ)(7− 6λ+ 11α)
(10)

where AH ≡ (−121α2 + 42αλ + 72λ2 + 74α − 186λ + 119), BH ≡ (121α2 − 90αλ + 72λ2 −

14α − 54λ − 35), AF ≡ (121α2 − 102αλ − 14α + 30λ − 35) and BF ≡ (−121α2 + 30αλ +

74α− 102λ+ 119).

11As specified by Matsushima and Takauchi (2014, p. 386), “[a] port must lower its port fee given that

another port sets a higher fee which reduces international transactions”.
12By contrast, as λ increases, profits gain importance in the decision of the home-country port, since a

larger share of the foreign port’s profits can also be collected.
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Lemma 1. Regardless of α and λ, a higher tariff by a country lowers the corresponding

port’s usage fees, whereas—when port privatization is limited—a higher tariff set by the

other country induces the port to raise its fees.

Proof. See the final Appendix (Section A.1).

Lemma 1 highlights the crucial nexus between trade tariffs and port usage fees. An

increase in the tariff imposed by a country—say, the home country—discourages exports

by the foreign firm, thereby reducing competition in the home market and raising domestic

prices. As a result, the domestic firm benefits, while consumers are worse off. At the same

time, lower international trade also reduces port profits. This forces the home-country port

to respond more aggressively by lowering its fees. By contrast, when the tariff increase is

imposed by the foreign country, the home-country port reacts by raising its fees, unless it is

largely privatized. The reason is that a higher foreign tariff reduces exports from the home-

country firm, inducing it to redirect production toward the domestic market and thereby

lowering domestic prices. To avoid further penalizing the domestic firm, a port that attaches

at least some weight to domestic welfare will discourage imports by increasing its usage

fees.13

3.3 Free trade

In this section, the benchmark case of free international trade is considered, where no import

tariffs are imposed by governments, i.e., tH = tF = 0. Substituting Eqs. (9) and (10) with

tH = tF = 0 yields the equilibrium outcomes for output and welfare components (profits,

consumer surplus, and domestic welfare).14

13This effect is absent, for instance, in Choi and Lim (2018), who analyze tariff protection in a similar

framework but with firms competing in a single country (import-competing approach). In their setting, since

competition takes place only in the home market, the fee set by the foreign port is always negatively related

to the tariff imposed by the home-country government.
14The full set of equilibrium outcomes under free trade is reported in the appendix (Section A.2).
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To better understand the results under free trade, it is useful to first examine how the

cross-ownership parameter λ affects the equilibrium usage fees set by the ports.

Lemma 2. Under free trade, cross-ownership lowers the aggregate level of port usage fees,

thereby expanding international trade. This occurs despite asymmetric effects on individual

ports: fees at the home port fall, unless its stake in the foreign port is high and privatization

low, while those at the foreign port rise when privatization is sufficiently high.

Proof. See the final Appendix (Section A.3).

When the home-country port lowers its fees, international trade expands and the profits

of the foreign port increase. A positive stake λ of port H in port F allows the former to

appropriate part of the latter’s profits. Especially when the degree of port privatization is

high and ports are primarily concerned with profits, this strengthens the incentives for the

home-country port to reduce its fees. This effect is even stronger when port F responds to a

reduction in fH by raising its own fees, which, as shown above, occurs when λ is sufficiently

low and α sufficiently high.

By contrast, regarding the fee-setting decision of the foreign port, it prefers to lower its

fees as λ increases only if the degree of privatization is not too high. Since port F can

appropriate only a fraction (1 − λ) of its profits, when the stake is large and the port is

primarily oriented toward maximizing domestic welfare, it finds it preferable to exploit the

positive effect of lower fees on international trade and consumer surplus, even at the expense

of port profits.

Proposition 1. Under free trade, port cross-ownership always (i.e., regardless of the degree

of port privatization and the stake of port H in port F ) raises domestic welfare in the home

country and lowers it in the foreign country. It increases consumer surplus in both countries

and reduces firm profits. Moreover, unless the degree of port privatization is low and the

stake of port H in port F is sufficiently high, it shifts port profits in favor of the foreign port,

though total profits collected by the home (resp. foreign) port always rise (resp. fall).

Proof. See the final Appendix (Section A.4).

14



While a formal proof of Proposition 1 is provided in the appendix, Figure 1 offers a

graphical representation of the results concerning port profits, whose (positive or negative)

response to cross-ownership depends on the values of the structural parameters α and λ.15

Figure 1: Cross-ownership and port profits under free trade

Note: RFTH −RFTH |λ=0 (l.h.s.); RFTF −RFTF |λ=0 (r.h.s.);

RFTi > RFTi |λ=0 (grey); RFTi < RFTi |λ=0 (white)

Since cross-ownership leads to an expansion of international trade, consumer surplus rises

in both countries. Firm profits, however, are positively related to the sum of port usage fees,

as the loss incurred by a firm in the foreign market due to a fee increase is smaller than the

corresponding gain in its domestic market.16 Hence, because cross-ownership reduces the

sum of port usage fees, firm profits decline in both countries.

As illustrated in Figure 1, the impact on port profits differs across countries, even though

international trade expands and business activity increases for both ports. In line with

15The strategy adopted here to evaluate the impact of port cross-ownership on welfare outcomes is to

compare equilibrium results without cross-ownership (λ = 0) to those obtained with λ > 0. Alternatively,

one could examine the sign of the derivative of equilibrium welfare outcomes with respect to λ. However, this

alternative approach yields qualitatively similar results and insights regarding the role of cross-ownership.
16See Matsushima and Takauchi, 2014, p. 386.
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Lemma 2, cross-ownership affects usage fees asymmetrically across ports, and changes in

their profits largely mirror this pattern.17 Importantly, although cross-ownership generally

reduces the profits of the home-country port and raises those of the foreign port, the former

always secures higher collected profits overall by appropriating a fraction λ of the latter’s

profits. By contrast, the profits collected by port F decline under cross-ownership.18

The effect of cross-ownership on domestic welfare thus reflects the aggregation of its

impacts on individual components. Since consumer surplus and firm profits depend on

international trade—which under free trade is only determined by the sum of port usage

fees—the positive effect on consumer surplus and the negative effect on firm profits are

identical in both countries. Accordingly, the divergence in domestic welfare outcomes stems

solely from port (collected) profits: domestic welfare increases in the home country, where

collected port profits rise with cross-ownership, and decreases in the foreign country, where

they fall. The next step is to examine whether, and how, these outcomes change once tariff

protection is introduced into the analysis.

4 Cross-ownership with tariff protection

In this section, the role of tariff protection is examined in detail. In the first stage, govern-

ments choose tariffs so as to maximize domestic welfare. From the first-order conditions, we

obtain:

tH(tF ) =
3(36λ2 − 84λ+ 49) + 363α3 + (777− 414λ)α2 + (585− 702λ)α+ CHtF
1452α3 − 1224α2λ+ 2533α2 − 1716αλ+ 468λ2 + 2002α− 1092λ+ 637

(11)

tF (tH) =
3(36λ2 − 84λ+ 49) + 363α3 + (777 + 18λ)α2 + (585− 270λ)α+ CF tH
1452α3 − 360α2λ+ 2533α2 − 1716αλ+ 468λ2 + 2002α− 1092λ+ 637

(12)

17For both countries, the range in which port profits increase with cross-ownership is broader than the

range in which usage fees rise with λ (see also Figure 2). This occurs because a reduction in usage fees also

triggers a positive quantity effect, which initially dominates, leading to higher profits.

18Formally, R
FT

H > RFTH|λ = 0 and R
FT

F < RFTF |λ = 0 for any α ∈ (0, 1) and λ ∈ (0, 1/2); see Section

A.4 of the appendix.
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where CH ≡ (432α2λ + 85α2 − 132αλ + 36λ2 + 154α − 84λ + 49) and CF ≡ (−432α2λ +

85α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49).

Tariff policies are (generally) strategic complements,19 and, by solving the system given

by Eqs. (11) and (12), the following subgame equilibrium trade tariffs are obtained:

tH =

[
7(6λ−7)3−7986α5+(4356λ−26411)α4+(23448λ−38742)α3+

−(5148λ2−36882λ+30940)α2−(12168λ2−25620λ−13328)α

]
4(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

(13)

tF =

[
7(6λ−7)3−7986α5+(4356λ−26411)α4+(18264λ−38742)α3+

−(5148λ2−27378λ+30940)α2−(6984λ2−19572λ−13328)α

]
4(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

. (14)

According to Eqs. (13) and (14), tariffs are always positive, implying that tariff protection

constitutes an equilibrium strategy for governments. Most notably, we have ∂tH/∂λ < 0 and

∂tF/∂λ > 0 for any α ∈ (0, 1) and λ ∈ (0, 1/2). Since tariffs make exporting more costly,

they reduce international trade and port profits. This problem is exacerbated for the home-

country port, as it also collects a fraction λ of port F ’s profits. Accordingly, as λ increases,

government H is, ceteris paribus, driven to lower its tariff. By contrast, the adverse effect of

higher tariffs on port profits diminishes for the foreign-country port as λ rises, since a larger

share of its profits is appropriated by port H. As a result, the government of country F sets

higher tariffs.

Importantly, in the absence of cross-ownership (i.e., when λ = 0), the two countries are

symmetric and equilibrium import tariffs are identical. Thus, the results ∂tH/∂λ < 0 and

∂tF/∂λ > 0 also imply that the tariff set by country F is always higher than that set by

country H, and that the tariff spread widens with λ. Because tariffs discourage international

trade and reduce port profits, cross-ownership effectively acts as a commitment device: it

induces the government of country F to set higher tariffs (since, ceteris paribus, the higher

19Only in the very special case where both port privatization and cross-ownership are very high does

the government of country F respond in the opposite way to changes in the tariff policy adopted by the

government of country H.
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λ, the lower the share of profits retained by its port), while simultaneously compelling the

government of country H to adopt lower tariffs (as, ceteris paribus, the higher λ, the larger

the share of foreign-port profits captured by its port). As will become clear below, this

mechanism plays a central role in shaping equilibrium outcomes under tariff protection.

By substituting Eqs. (13) and (14) into Eqs. (9) and (10), we obtain the subgame perfect

Nash equilibrium (SPNE) port usage fees under tariff protection (where the superscript T

denotes the tariff-protection case):

fTH =

[
7(6λ−7)2(1−12λ2+2λ)+(15972λ−7986)α5−(8712λ2−40282λ+16775)α4−(33792λ2−49192λ+17732)α3+

+(10296λ3−44016λ2+25452λ−9618)α2+(14112λ3−18096λ2+4340λ−2842)α

]
8(1− λ)(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

(15)

fTF =

[
7(6λ−7)2(1−12λ)+7986α5−(1980λ−16775)α4−(20064λ−17732)α3+

+(4284λ2−31788λ+9618)α2+(17352λ2−22680λ+2842)α

]
8(1− λ)(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

.

(16)

Lemma 3. With tariffs, cross-ownership expands the parameter space in which home-port

fees rise with λ, while narrowing it for the foreign port. Moreover, it always reduces the sum

of port usage fees but, while exports from the foreign firm increase in all cases, exports from

the home firm rise only when port privatization is sufficiently low.

Figure 2 compares the effects of cross-ownership on port usage fees under free trade

and tariff protection, showing that the presence of tariffs strongly conditions the role of

cross-ownership in shaping the fee-setting behavior of the two ports.20

The results of Lemma 3 (also in comparison with those of Lemma 2) can be explained by

noting that cross-ownership has two opposing effects: it reduces the tariff set by government

20In the tariff-protection case, outcomes are expressed as very high-degree polynomials, and due to this

mathematical complexity, analytical proofs cannot be provided and are instead illustrated graphically. Note,

however, that within the economically relevant parameter space, the graphical analysis is exhaustive in

proving the results. All graphical analyses are conducted using MAPLE, with details and programs available

from the author upon request.
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Figure 2: Effects of cross-ownership on port usage fees under import tariffs (and free trade)

H while increasing that set by government F . In addition, as discussed in Section 3.2,

a country’s tariff negatively affects the usage fees charged by its port. In particular, in

the foreign country, when the cross-ownership stake is sufficiently high—leading to a high

equilibrium tF—and the degree of privatization is low—so that ports primarily value domestic

welfare—the usage fee set by the foreign port may even become negative. This implies that

the port effectively subsidizes firms for using its facilities.21 Firms, especially the foreign firm,

benefit from such negative usage fees. Indeed, in this situation, firm F is not also significantly

penalized by tariff protection, since the tariff imposed by government H remains low.

21When usage fees are negative, port profits are also negative. For analytical simplicity, negative port

profits are allowed here (see also Choi and Lim, 2018). Indeed, much of the mixed oligopoly literature

acknowledges the possibility of negative profits for public firms (e.g., Fjell and Pal, 1996; Anderson et al.,

1997; Ino and Matsumura, 2010), consistent with empirical evidence that many public organizations in

education, health, and utilities operate at a deficit. Imposing instead a non-negative port budget constraint

(e.g., Meccheri, 2024), whereby usage fees are set to zero whenever the unconstrained optimum is negative,

does not substantially alter the qualitative results.
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Moreover, even under tariff protection, cross-ownership reduces the total of ports’ usage

fees. Under free trade, this unambiguously expands international trade by raising exports

from both firms. Under tariff protection, however, the outcome is more complex, as inter-

national trade also depends on tariffs. As noted above, equilibrium tariffs set by the home

country decrease with λ, while those set by the foreign country increase. Consequently, while

the presence of tariffs reinforces the positive relationship between foreign-firm exports and

λ, the effect on home-firm exports is ambiguous. Specifically, as λ increases, the positive

effect from lower port usage fees outweighs the negative effect from the higher tariff imposed

by country F only when the degree of privatization is low (see Figure 3). This is because

the reduction in overall port usage fees brought about by cross-ownership (i.e., an increase

in λ) becomes progressively smaller as privatization rises.22

Figure 3: Cross-ownership and exports by firm H with import tariffs

We are now in a position to derive and analyze the equilibrium welfare outcomes under

tariff protection. Specifically, by substituting back, the SPNE outcomes for output and

22Formally,
∂2(fT

i +fT
j )

∂λ∂α > 0 for any α ∈ (0, 1) and λ ∈ (0, 1/2).
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welfare in the presence of import tariffs are obtained, leading to the following proposition.23

Proposition 2. With tariff protection, cross-ownership always raises domestic welfare in

the home country and also in the foreign country when privatization is sufficiently high. Its

effects on consumer surplus and firm profits in the home country remain unchanged relative

to free trade, while in the foreign country it lowers consumer surplus at high privatization

levels and generally raises firm profits (except when privatization is very low). Regarding

port profits, those of port H (resp. F ) increase with cross-ownership when privatization is

low (resp. high), but overall collected profits always rise for port H and fall for port F .

Figure 4: Effects of cross-ownership on welfare outcomes with import tariffs

Note: XT
H −XT

H |λ=0 (l.h.s.) and XT
F −XT

F |λ=0 (r.h.s.), where X = W (top–left), X = CS (top–right),

X = Π (bottom–left) and X = R (bottom–right); XT
i > XT

i |λ=0 (grey); XT
i < XT

i |λ=0 (white)

The rationale behind Proposition 2 (illustrated in Figure 4) can be understood in light

of the preceding analyses. Since exports by firm F always increase with λ, cross-ownership

intensifies competition in the home market, reducing pH and improving consumer welfare

23The full set of equilibrium outcomes under tariff protection is reported in the appendix (Section A.5).
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in the home country. By contrast, the foreign government responds by raising tariffs. In

the presence of cross-ownership—particularly when the degree of privatization is high and

usage fees are relatively higher—this reduces exports by firm H, softening competition in

market F , raising prices, and lowering consumer surplus. Consequently, cross-ownership

always decreases firm profits in the home country, while in the foreign country it does so

only when privatization is low.

With regard to port profits, the results are largely explained by the effect of cross-

ownership on usage fees, as represented in Figure 2. Under tariff protection, the total profits

collected by port H rise not only because it receives a share of port F ’s profits, but also

because its own profits are generally higher. Conversely, port F ’s collected profits fall both

because its own profits typically decrease and because only a fraction (1 − λ) of its profits

remain with the port.

Most importantly, while under free trade cross-ownership always increases domestic wel-

fare in the home country and decreases it in the foreign country, under tariff protection there

exists a broad range of combinations of α and λ for which cross-ownership is mutually ben-

eficial. This occurs when the degree of privatization is sufficiently high and, in the foreign

country, the positive impact of cross-ownership on firm profits outweighs its negative effects

on consumers and on collected port profits.24

Tariff protection and welfare. Proposition 2 shows that the welfare effects of cross-

ownership depend on whether trade tariffs (and privatization) are present. However, it

offers limited insight into how the introduction of tariff protection itself shapes welfare out-

comes, particularly through its interaction with cross-ownership. Indeed, in the absence of

port cross-ownership (i.e., λ = 0), and regardless of the degree of privatization, the standard

results—consistent with conventional wisdom—hold in both countries: tariff protection al-

ways reduces domestic welfare, consumer surplus, and port profits, while it increases firm

profits.25 By contrast, as the following proposition demonstrates, when port cross-ownership

24Tariff revenue also contributes to this outcome. Specifically, tariff revenue is always increasing in λ for

country H, and for country F unless both α and λ are high.
25For convenience, these standard results are shown in the appendix (Section A.6).
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is present the welfare effects of tariff protection in both countries can become more complex.

Proposition 3. In the presence of port cross-ownership, introducing tariff protection:

• always reduces domestic welfare in the home country, and in the foreign country as

well, unless cross-ownership is sufficiently high and port privatization sufficiently low;

• generally reduces consumer surplus in both countries. Only when cross-ownership is

very high and privatization very low does it increase consumer surplus in the home

country;

• always increases firm profits in the foreign country, and in the home country too, unless

cross-ownership is sufficiently high and privatization sufficiently low;

• generally reduces port profits in both countries. Only when cross-ownership is extremely

high and privatization very low does it increase port profits in the home country.

The implications of Proposition 3 are illustrated in Figure 5. As emphasized above,

cross-ownership alters the incentives of each government in setting tariffs. In particular, the

higher λ, the higher (resp. lower) the equilibrium tariff chosen by country F (resp. H).

Thus, when λ is close to 1/2, the spread between tF and tH becomes very large, resulting,

ceteris paribus, in relatively high exports by the foreign firm and relatively low exports by

the home firm. At the same time, tariffs also influence international trade indirectly through

their effect on port usage fees. Ports tend to lower fees to avoid excessively discouraging

trade, and when privatization is low, port F may even set negative fees (i.e., subsidize firms

for using its facilities) when cross-ownership is sufficiently high. These mechanisms jointly

affect the welfare components of both countries.

Consumer surplus generally falls with tariff protection. However, in the home country it

rises when α is low and λ is high. In this case, imports are not severely penalized because

tH is very low, while reduced usage fees—particularly as port F sets negative fees—further
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Figure 5: Effects of tariffs on welfare outcomes

Note: XFT
H −XT

H (l.h.s.) and XFT
F −XT

F (r.h.s.), where X = W (top–left), X = CS (top–right), X = Π

(bottom–left) and X = R (bottom–right); XFT
i > XT

i (white); XFT
i < XT

i (grey)

boost competition in the home market. This leads to lower prices and higher consumer

surplus.

Firm profits typically increase with tariff protection, but when privatization is low and

cross-ownership sufficiently high, the profits of the home-country firm decrease. This occurs

because low usage fees, low tH , and high tF create a situation of intense competition in the

home market but weak competition in the foreign market, reducing profits only for firm H.

As for port profits, they generally decline under tariff protection because ports lower

their fees. However, when cross-ownership is very high and ports are largely state-owned,

the home-country port’s profits increase. On one hand, tF is high but, since the foreign port

owner (i.e., the government) prioritizes consumer surplus, it is compensated by the fact that

fF is reduced substantially and even turns negative. On the other hand, tH is low and, as a

result, the negative impact of tH on fH is outweighed by the positive effect of tF , inducing

port H to raise its fees relative to free trade. Accordingly, as international trade is not

excessively curtailed, port H’s profits ultimately increase.
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Finally, as far as overall domestic welfare is concerned, tariff protection generally makes

both countries worse off. Yet, in the foreign country, welfare improves under tariff protection

when cross-ownership is high and ports are predominantly state-owned. Several factors

account for this: the negative impact of tariff protection on port F ’s profits is dampened by

the sizeable share owned by port H; the positive effect on firm profits counteracts the loss in

consumer surplus; and tariff revenue increase with λ when privatization is low. Indeed, with

a high tF and low aggregate usage fees, trade is not excessively penalized, allowing country

F to collect significant tariff revenue.

5 Conclusion

Considering the growing role of port cross-ownership worldwide, this paper has investigated

its interaction with the degree of port privatization and the presence of tariff protection

in shaping port performance and welfare outcomes. Although port cross-ownership affects

usage fees asymmetrically across countries, it consistently reduces their overall level. Un-

der free trade, this fosters international trade and intensifies product market competition,

thereby raising consumer surplus while lowering firm profits. In this setting, domestic wel-

fare improves only in the country whose port holds a stake in the foreign port. Under tariff

protection, however, cross-ownership induces tariff differentiation: the country whose port

has a stake abroad sets a lower tariff, which substantially increases profits for the foreign-

country firm while consumers are not excessively penalized. Consequently, depending on the

degree of port privatization, cross-ownership may become mutually beneficial. A further,

counterintuitive result is that tariff protection may increase domestic welfare, but only in

the country hosting the participated port.

As this paper provides a first theoretical attempt to assess the effects of port cross-

ownership and tariff protection, several avenues for future research remain open. To keep

the analysis as simple as possible, it relied on simplifying assumptions regarding product

markets and port ownership, namely country symmetry, homogeneous products, quantity
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competition and same degree of port privatization across countries. Relaxing these assump-

tions would allow for important and richer extensions. Moreover, while the focus here has

been exclusively on tariff protection, export subsidies also merit investigation. Finally, al-

though unilateral port cross-ownership appears to be the most prevalent arrangement in

the maritime industry, exploring the effects of bilateral or interlocking port cross-ownership

would offer valuable insights.

Appendix

A.1 Proof of Lemma 1

Proof. The proof of Lemma 1 is simply obtained by differentiating Eqs. (9) and (10) with respect to tH and

tF :

∂fH
∂tH

= − AH
4(1− λ)(7− 6λ+ 11α)

< 0, for any α ∈ (0, 1) and λ ∈
(

0,
1

2

)

∂fF
∂tF

= − BF
4(1− λ)(7− 6λ+ 11α)

< 0, for any α ∈ (0, 1) and λ ∈
(

0,
1

2

)

∂fH
∂tF

= − BH
4(1− λ)(7− 6λ+ 11α)

R 0⇔ α Q
7 + 45λ+ 3

√
476− 743λ2 + 796λ

121

∂fF
∂tH

= − AF
4(1− λ)(7− 6λ+ 11α)

R 0⇔ α Q
7 + 51λ+ 3

√
476 + 289λ2 − 324λ

121
.

A.2 Free trade equilibrium outcomes

Free trade (subgame perfect Nash) equilibrium outcomes (indicated by superscript FT ) are as follows:

qFTii = qFTjj =
3 + 5α− 3λ

7 + 11α− 6λ
; qFTij = qFTji =

1 + α

7 + 11α− 6λ
; CSFTi = CSFTj =

(4 + 6α− 3λ)2

2(7 + 11α− 6λ)2

ΠFT
i = ΠFT

j =
26α2 + (32− 30λ)α+ 9λ2 − 18λ+ 10

(7 + 11α− 6λ)2

RFTH =
(1 + α)(4 + 8α− 13αλ+ 12λ2 − 11λ)

2(1− λ)(7 + 11α− 6λ)2
; RFTF =

(1 + α)(4 + 8α− 3αλ− 9λ)

2(1− λ)(7 + 11α− 6λ)2
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WFT
H =

(96 + 3λ)α2 + (124− 96λ)α+ 27λ2 − 63λ+ 40

2(7 + 11α− 6λ)2
; WFT

F =
(96− 3λ)α2 + (124− 108λ)α+ 27λ2 − 69λ+ 40

2(7 + 11α− 6λ)2
.

A.3 Proof of Lemma 2

Proof. The proof of Lemma 2 is simply obtained by setting tH = tF = 0 in Eqs. (9) and (10) and differen-

tiating them, as well as the sum of fH and fF as defined by those equations, with respect to λ:

∂fFTH
∂λ

=
(−90− 54α)λ2 + (120 + 168α)λ− 55α2 − 64α− 25

4(1− λ)2(7− 6λ+ 11α)2
R 0⇔

⇔ α Q
−27λ2 + 84λ− 32 + 3

√
81λ4 − 504λ3 + 462λ2 + 136λ− 39

55

where −27λ
2+84λ−32+3

√
81λ4−504λ3+462λ2+136λ−39

55 is increasing in λ, for any λ ∈ (0, 1/2).

∂fFTF
∂λ

=
(54 + 18α)λ2 − (48 + 96α)λ+ 55α2 + 28α− 11

4(1− λ)2(7− 6λ+ 11α)2
R 0⇔

⇔ α R
−94λ2 + 48λ− 14 + 3

√
9λ4 − 96λ3 − 46λ2 + 144λ+ 89

55

where −94λ
2+48λ−14+3

√
9λ4−96λ3−46λ2+144λ+89

55 is increasing in λ, for any λ ∈ (0, 1/2).

∂(fFTH + fFTF )

∂λ
= − 9(1 + α)

(7− 6λ+ 11α)2
< 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
.

A.4 Proof of Proposition 1

Proof. The proof of Proposition 1 is obtained by simply comparing the free trade equilibrium welfare out-

comes of Section A.2 for any λ ∈ (0, 1/2) against the corresponding value with λ = 0 (no cross-ownership).

In particular, we have:

WFT
H −WFT

H |λ=0 =

3λ[121α4 + 506α3 + (724− 63λ)α2 + (430− 102λ)α− 39λ+ 91]

2(7 + 11α)2(7 + 11α− 6λ)2
> 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
WFT
F −WFT

F |λ=0 =

−3λ[121α4 + 286α3 + (232 + 63λ)α2 + (74 + 102λ)α+ 39λ+ 7]

2(7 + 11α)2(7 + 11α− 6λ)2
< 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
CSFTi − CSFTi |λ=0 = CSFTj − CSFTj |λ=0 =

3λ[132α3 + (304− 69λ)α2 + (228− 114λ)α− 45λ+ 56]

2(7 + 11α)2(7 + 11α− 6λ)2
> 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
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ΠFT
i −ΠFT

i |λ=0 = ΠFT
j −ΠFT

j |λ=0 =

−3λ[66α3 + (130− 51λ)α2 + (78− 78λ)α− 27λ+ 14]

2(7 + 11α)2(7 + 11α− 6λ)2
< 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
RFTH −RFTH |λ=0 =

(1 + α)λ[605α3 + (561− 396λ)α2 + (123− 288λ2 − 360λ)α− 144λ2 − 108λ+ 7]

2(7 + 11α)2(7 + 11α− 6λ)(11αλ− 6λ2 − 11α+ 13λ− 7)
R 0⇔

⇔ λ R

√
5929α4 + 8888α3 + 4722α2 + 1088α+ 109− 33α2 − 30α− 9

24(1 + 2α)

RFTF −RFTF |λ=0 =

− (1 + α)λ[605α3 + (1221− 1056λ)α2 + (675 + 288λ2 − 14880λ)α+ 144λ2 − 480λ+ 91]

2(7 + 11α)2(7 + 11α− 6λ)(11αλ− 6λ2 − 11α+ 13λ− 7)
R 0⇔

⇔ λ Q
44α2 + 62α+ 20−

√
726α4 + 2409α3 + 3033α2 + 1623α+ 309

12(1 + 2α)
.

R
FT

H −RFTH |λ=0 =

3λ[121α4 + 506α3 + (680− 96λ)α2 + (358− 144λ)α− 48λ+ 63]

2(7 + 11α)2(7 + 11α)2
> 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
R
FT

F −RFTF |λ=0 =

−3λ[121α4 + 286α3 + (276 + 96λ)α2 + (146 + 144λ)α+ 48λ+ 35]

2(7 + 11α)2(7 + 11α)2
< 0, for any α ∈ (0, 1) and λ ∈

(
0,

1

2

)
.

A.5 Tariff protection equilibrium outcomes

Tariff protection (subgame perfect Nash) equilibrium outcomes (indicated by superscript T ) are as follows:

qTHH =
[−7986α5+(4356λ−22385)α4+(19308λ−30613)α3+(−5148λ2+27654λ−23485)α2+(−8748λ2+18984λ−10241)α+42(1−λ)(6λ−7)2]

2(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

qTFF =
[−7986α5+(4356λ−22385)α4+(18444λ−30613)α3+(−5148λ2+26070λ−23485)α2+(−7884λ2+17976λ−10241)α+42(1−λ)(6λ−7)2]

2(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

qTHF =
(6α2 + 11α− 6λ+ 7)(66α2 − 72αλ+ 77α− 42λ+ 49)

(66α2 + 77α− 42λ+ 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

qTFH =
(6α2 + 11α− 6λ+ 7)(66α2 + 72αλ+ 77α− 42λ+ 49)

(66α2 + 77α− 42λ+ 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)

CSTH =

[
7986α5+(−4356λ+23177)α4+(−18444λ+32989)α3+(5148λ2−27366λ+26691)α2+

+(7884λ2−19824λ+12397)α−1512λ3+5544λ2−6762λ+2744

]2
8(66α2 + 77α− 42λ+ 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2
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CSTF =

[
7986α5+(−4356λ+23177)α4+(−19308λ+32989)α3+(5148λ2−28950λ+26691)α2+

+(8748λ2−20832λ+12397)α−1512λ3+5544λ2−6762λ+2744

]2
8(66α2 + 77α− 42λ+ 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

ΠT
H =

63776196α10+(−69574032λ+357533220)α9+(18974736λ2−503405496λ+990666325)α8+

+(250435152λ2−1574177880λ+1749410014)α7+(−44849376λ3+984666024λ2−2936702604λ+2162872151)α6+

+(−299157408λ3+2026958976λ2−3652143060λ+1947902572)α5+

+(39674448λ4−735632064λ3+2567676132λ2−3162330360λ+1292307723)α4+

+(148456800λ4−972339552λ3+2117007648λ2−1917072864λ+624107022)α3+

+(−15567552λ5+212791536λ4−747266688λ3+1128324960λ2−788835516λ+210589309)α2+

+(−26453952λ5+146458368λ4−324971136λ3+361401264λ2−201539940λ+45109988)α+

+196(6λ−7)4(9λ2−18λ+10)


4(−66α2 − 77α+ 42λ− 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

ΠT
F =

63776196α10+(−69574032λ+357533220)α9+(18974736λ2−489605688λ+990666325)α8+

+(242907984λ2−1507459800λ+1749410014)α7+(−44849376λ3+924448680λ2−2783558316λ+2162872151)α6+

+(−282734496λ3+1866063168λ2−3440123220λ+1947902572)α5+

+(39674448λ4−672335424λ3+2336880996λ2−2971173240λ+1292307723)α4+

+(136948320λ4−874268640λ3+1921995936λ2−1804769568λ+624107022)α3+

+(−15567552λ5+193631472λ4−673021440λ3+1033322976λ2−748630428λ+210589309)α2+

+(−23841216λ5+132959232λ4−299061504λ3+339471216λ2−194625060λ+45109988)α+

+196(6λ−7)4(9λ2−18λ+10)


4(−66α2 − 77α+ 42λ− 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

RTH =

(6α2 + 11α− 6λ+ 7)

[
(15972λ−7986)α5+(−8712λ2+40282λ−16775)α4+(−33792λ2+49192λ−17732)α3+

+(10296λ3−44016λ2+25452λ−9618)α2+(14112λ3−18096λ2+4340λ−2842)α+
−7(6λ−7)2(12λ2−2λ+1)

]
4(1− λ)(−66α2 − 77α+ 42λ− 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

RTF =

(6α2 + 11α− 6λ+ 7)
[
7986α5+(−1980λ+16775)α4+(−20064λ+17732)α3+(4284λ2−31788λ+9618)α2+

+(17352λ2−22680λ+2842)α−7(6λ−7)2(12λ−1)

]
4(1− λ)(66α2 + 77α− 42λ+ 49)(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

WT
H =

191328588α10+(−208722096λ+1097899308)α9+(56924208λ2−1505198376λ+3117559071)α8+

+(740014704λ2−4768818120λ+5652844362)α7+(−134548128λ3+2901629304λ2−9068127156λ+7188452029)α6+

+(−872837856λ3+6043850208λ2−11551123452λ+6669595548)α5+

+(119023344λ4−2144558592λ3+7809474924λ2−10285215276λ+4564155225)α4+

+(428107680λ4−2878181856λ3+6622064064λ2−6438531792λ+2275579306)α3+

+(−46702656λ5+622252368λ4−2281480992λ3+3661725312λ2−2747821020λ+792827007)α2+

+(−75442752λ5+441479808λ4−1039433472λ3+1230601680λ2−732429852λ+175263396)α+

+196(6λ−7)4(27λ2−63λ+40)


8(−66α2 − 77α+ 42λ− 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

WT
F =

191328588α10+(−208722096λ+1097899308)α9+(56924208λ2−1501434792λ+3117559071)α8+

+(740014704λ2−4761290952λ+5652844362)α7+(−134548128λ3+2897523576λ2−9075312180λ+7188452029)α6+

+(−872837856λ3+6056167392λ2−11599745916λ+6669595548)α5+

+(119023344λ4−2147917824λ3+7871123052λ2−10371247236λ+4564155225)α4+

+(428107680λ4−2906921952λ3+6728287104λ2−6523340208λ+2275579306)α3+

+(−46702656λ5+627477840λ4−2330941536λ3+3755795904λ2−2798546604λ+792827007)α2+

+(−75442752λ5+452656512λ4−1078551936λ3+1276239888λ2−750178044λ+175263396)α+

+196(6λ−7)4(27λ2−69λ+40)


8(−66α2 − 77α+ 42λ− 49)2(121α3 − 66α2λ+ 204α2 − 132αλ+ 36λ2 + 154α− 84λ+ 49)2

.
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A.6 The effects of tariff protection without cross-ownership

By comparing free trade equilibrium welfare outcomes of Section A.2 against the corresponding value with

tariff protection of Section A.5, we obtain that the following outcomes hold, for any α ∈ (0, 1) and λ = 0

(recall that without cross-ownership, all welfare outcomes are symmetric and i = j always applies):

WFT
i |λ=0 −WT

i |λ=0 =

α(307461α7 + 1358830α6 + 2687847α5 + 3084128α4 + 2216035α3 + 993734α2 + 255633α+ 28812)

8(11α+ 7)2(121α3 + 204α2 + 154α+ 49)2
> 0

CSFTi |λ=0 − CSTi |λ=0 =

α(336743α7 + 1516130α6 + 3063657α5 + 3604748α4 + 2666185α3 + 1234786α2 + 328839α+ 38416)

8(11α+ 7)2(121α3 + 204α2 + 154α+ 49)2
> 0

ΠFT
i |λ=0 −ΠT

i |λ=0 =

−α(248897α7 + 1044230α6 + 1936227α5 + 2042888α4 + 1315735α3 + 511630α2 + 109221α+ 9604)

4(11α+ 7)2(121α3 + 204α2 + 154α+ 49)2
< 0

RFTi |λ=0 −RTi |λ=0 =

234256α8 + 1053426α7 + 2209211α6 + 2851228α5 + 2495881α4 + 1514730α3 + 615685α2 + 150920α+ 16807

4(11α+ 7)2(121α3 + 204α2 + 154α+ 49)2
> 0.
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