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Abstract: We model the vertical investment of a container shipping line in the port capacity
in a two-port system. Our analytical and numerical analyses suggest that the relative scale of
the capacity investment depends on the initial port capacity and the relationship between the
ports. When a port has a sufficiently large initial capacity and the ports do not have highly
complementary operations, a vertical investment leads to higher investments. Moreover, the
investment of a shipping line in a port always increases its own profit and reduces the
competitor’s profit. However, when compared with port self-investment, vertical investment

always reduces the local social welfare.
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1. Introduction

The container shipping industry plays an important role in international trade and global
supply chains. The two major components of the industry, shipping lines and seaports, have
undergone significant changes in recent years, as container shipping lines have become
increasingly involved in port management and terminal operations. However, the global
economy has yet to fully recover from the financial crisis, and shipping rates remain at a low
point. As a result, many carriers have begun to transform themselves into full-service
logistics providers by taking over port operations, warehousing, and land transportation
(Brooks et al., 2014; OECD/ITF, 2015). Port operation gives shipping lines control over
central functions such as loading, unloading, and warehousing that are essential to smooth
and efficient container delivery. The revenue from port operations also provides an

alternative source of income during a time of declining shipping freight rates.

For a port, the involvement of shipping lines can also guarantee some throughput, which is
particularly valuable during the current industry-wide depression. For example, after
attracting investments from major shipping lines such as Maersk, MSC, and Cosco, the Ports
of Singapore, Valencia, and Gioia Tauro received more services and increased their
profitability (Lloyd’s List, 2018). Another factor that further complicates the current situation
is the geographical concentration and correlation of multiple seaports, which causes the ports
either to compete against or to complement each other in the global supply chain (de Langen,
2004). As a result, in addition to the strong aspirations of shipping lines to enter the port
operation market, many geographically proximate container ports are undergoing different
levels of integration, with changes either driven by governments or through bottom-up
cooperation between the port authorities. Moreover, many governments advocate cooperation
as a means of avoiding duplication and improving capacity and resource utilization, which
increases the international competitiveness of the shipping industry (Chiang and Hwang,
2009; Song, 2003; Yap and Lam, 2004). In some cases, ports also seek to voluntarily
cooperate with their neighboring competitors to determine certain common costs while

retaining their competitive advantage (Chiang and Hwang, 2009).

Overall, in recent years, ports have increasingly begun to cooperate and even integrate with
each other, and shipping lines have become increasingly involved in the terminal operations
of many ports. These changing relationships between the ports may have substantial
implications for the incentives of shipping lines to engage in vertical integration. In this
respect, a key question that remains unanswered is whether vertical integration improves
social welfare. In particular, it is crucial to examine the social welfare implications of cases in
which a group of ports maintain both integrated and separate port-shipping line relationships.
From a regulatory perspective, it is also critical to ascertain whether the negotiations between

the ports and lines require intervention.



To answer these questions, we construct an analytical model to quantify the impacts of multi-
port interactions on shipping lines’ investments in port capacity, and the profit and social
welfare effects of such vertical integration practices in the maritime industry. The analytical
model considers a region composed of two ports and simultaneously incorporates the features
of port congestion, vertical integration, and market interaction (between ports and between
shipping lines). Each port is assumed to have only one terminal operator which is hereafter
referred as the “port.” Although recent studies discuss the vertical investment strategies of
shipping lines (see, for example, Zhu et al., 2019), no studies examine this issue in a multi-
port setting. Rather, the existing studies only consider the vertical investment decisions of
shipping lines when the ports have a monopoly status. In this paper, our multi-port setting
enables us to explicitly examine the effects of alternative relationships between individual
ports in the system (i.e., complementary or substitutable), and our findings have important
implications for the vertical investments of shipping lines and the resultant social welfare.
Specifically, most studies neglect the possible complementary relationships between ports.
Thus, our paper not only provides fresh insights into the effects of shipping lines’ vertical
investments in ports, but also presents a more comprehensive analysis of the competition and

complementarity between neighboring ports.

Our analytical and numerical studies show that investments in port capacity have different
effects on port charges, depending on the type of investor. Particularly, if a port makes the
investment on its own, the investment reduces the charges of both ports when the two ports
are substitutes, while it reduces the port’s own charges and increases the charges of the other
port when the two ports are complements. Alternatively, if an involved shipping line makes
the investment, it increases the charges of the corresponding port and decreases the charges
of the other port when the two ports are substitutes, but increases the charges of both ports
when the two ports are complements. The relative size of the capacity investment depends on
the initial port capacity and the relationship between the two ports. When the initial capacity
of a port is sufficiently large and the two ports are not very complementary, vertical
investment leads to higher investment. The investment of a shipping line in a port always
increases the port’s profit and reduces the competitor’s profit. In most cases, the profitability
of the port receiving the investment improves, while the investment only has a negligible
impact on the profitability of the other port when it has sufficient initial capacity. However,
under our modeled scenario, a shipping line’s vertical investment in port capacity always
reduces the group’s social welfare when compared with the port self-investment case. Our
paper explains why vertical investment is frequently observed in the maritime industry, and
why regulatory overview is justified in certain cases. Moreover, we find that whether the
equilibrium level of a capacity investment is higher under port self-investment or under
vertical integration depends on both the original capacity level and the relationship between

the two ports. Particularly, when the original capacity of a port is sufficiently large and the



two ports are not very complementary, vertical integration leads to higher investment.
Furthermore, we show that allowing a shipping line to invest in a port always increases the
shipping line’s profit and reduces the competitor’s profit, and improves the profitability of the
port under investment in most cases but has a negligible impact on the profitability of the
other port when there is sufficient original capacity. Surprisingly, we find that a shipping
line’s port capacity investment decisions always lead to lower group social welfare when
compared with the port self-investment case. This observation might be a potential source of
concern for regulators when deciding whether to approve a shipping line’s investment in port
capacity. Interestingly, the port under investment always ends up with reduced local welfare.
However, the other port might benefit from the vertical investment if it competes with the
port under investment. Although these results are obtained under the scenarios considered in
our model, they nevertheless provide a timely justification for regulatory attention concerning
the vertical investments of shipping lines in ports, and highlight critical issues that warrant

further investigation.

The remainder of this paper is organized as follows. Section 2 reviews the relevant literature.
Section 3 sets up the base model, and Section 4 presents and discusses the analytical results.
Section 5 presents the numerical results that supplement the analytical conclusions. Sections

6 and 7 provide policy discussions and concluding remarks, respectively.

2. Literature review

This paper draws on four strands of literature, namely the research on port investment,
vertical integration in the maritime industry, port interaction, and general vertical

relationships.

In the literature, port investment is examined from two perspectives: under certainty
(deterministic) and with uncertainty. Most studies examine port investment decisions in
deterministic scenarios (e.g., Koh, 2001; Musso et al., 2006; Anderson et al., 2008; Luo et al.,
2012; Tan et al., 2015; Xiao et al., 2012; Zheng and Negenborn, 2014, 2017; Zhu et al., 2019).
This approach often yields relatively concise solutions, thus making it easier to identify the
economic intuitions behind the findings. Our paper follows this line of research. A smaller
line of research investigates this issue under uncertainty using different approaches, such as
real options (Meersman, 2005; Chen and Liu, 2016; Zheng and Negenborn, 2017; Balliauw et
al., 2019) and fuzzy integer programming (Allahviranloo and Afandizadeh, 2008). These
approaches tend to provide a better representation of the investment risks and uncertainty
involved. Note that a recent body of literature describes the relationship between productivity
capacity and disaster prevention investment (e.g., Xiao et al., 2015; Gong et al., 2020, Wang
and Zhang, 2018; Randrianarisoa and Zhang, 2019). Our paper focuses on productive

capacity, which is directly related to port traffic and competition.



The literature on vertical integration in the maritime industry is well developed. Notably, the
term “integration” is relatively loosely defined in the maritime literature. Instead of being
restricted to the cases of full integration or joint decisions between ports and shipping lines,
integration covers a wide range of vertical arrangements and forms of cooperation.! Many
studies discuss the advantages of vertical integration for different parties in the maritime
supply chain, notably the shipping lines (Casson, 1986; Midoro et al., 2005; Notteboom and
Rodrigue, 2012), port authorities (Lun et al., 2010; Notteboom and Rodrigue, 2009; Psaraftis
and Pallis, 2012), and terminal operators (Lee and Meng, 2014; Lee and Song, 2014). Studies
also examine which party tends to initiate vertical integration; here, the shipping lines emerge
as the main drivers of vertical integration. Several papers explore the vertical integration
strategies of shipping lines (e.g., Casson, 1986; Midoro et al., 2005; Notteboom and Rodrigue,
2012; van de Voorde and Vanelslander, 2010; Zhu et al., 2019). Nonetheless, the research
shows that terminal operators and port authorities also seek to integrate/cooperate with
different partners (Notteboom, 2002; Rodrigue and Notteboom, 2009; De Borger and De
Bruyne, 2011). Shipping lines commonly use dedicated terminals (DTs) as an integration
strategy. Studies on this issue focus on the benefits of DTs (e.g., Turner, 2000; Haralambides
et al., 2002; Kaselimi et al., 2011; Alvarez-SanJaime et al., 2013) and the competition
between DTs and public terminals (e.g., Kaselimi et al., 2011; Alvarez-SanJaime et al., 2013;
Asgari et al., 2013). As the interactions between ports are playing an increasingly important
role in the maritime industry, numerous papers discuss the issue of vertical integration in the

context of multiple ports.

The studies on port interaction can be divided into three categories: (1) the definition,
formation, development, and governance of port interaction; (2) port competition,
cooperation, and coopetition; and (3) the optimization of a port system. Porter (1998) defines
a multi-port system as a system consisting of ports of different sizes and with different roles
(De Langen and Visser, 2005). Numerous studies discuss the formation (Pardali et al., 2016),
evolution or development (e.g., De Langen and Visser, 2005; Verhoeven, 2010; Bai and Lam,
2015; Zhang and Lam, 2017), and governance (De Langen, 2004) of multi-port systems.
Studies also examine the relationship between port interaction and port competition or
cooperation (e.g., Cheng and Yang, 2017; Donselaar and Kolkman, 2010; Song et al., 2015;
Haezendonck and Langenus, 2019). A number of studies examine the impact of multi-port
systems on regional port integration (e.g., Panayides and Song, 2009; Wang et al., 2015;
Notteboom and Yang, 2017; Huo et al., 2018). Port system optimization is a newly
developing research area (Chen and Yang, 2018).

! Note that integration and investment are not the only means by which the vertical relationships between ports

and shipping lines can affect port congestion and delays (e.g., Jiang et al., 2017; Hasheminia and Jiang, 2017).



The third stream of literature focuses on vertical relationships. Several studies examine this
issue. The most relevant studies in relation to our paper focus on transportation (e.g., De
Borger and Van Dender, 2006; Basso and Zhang, 2007), although studies have examined
many other contexts such as distribution channels and services (e.g., Trivedi, 1998; Iyer,
1998). Zhang et al. (2010) consider the cooperation between airports and airlines through
revenue sharing contracts, which allow the possibility of interrelated airline services. Czerny
et al. (2014) investigate the effect of port privatization in a setting with two ports, each of
which serves its home market but also competes for transshipment traffic from a third region.
Although these studies share common features with our paper, our setting differs due to the
different research questions. Particularly, although some papers specifically identify the
possible complementarity between the downstream players (e.g., airlines in Zhang et al.,
2010), no studies consider such a relationship between the upstream players (Czerny et al.
(2014) only consider the possibility of substitutability). Moreover, although all of these
studies examine vertical structures, few allow for vertical investment in the capacity of the
upstream player, which is the focus of our paper. Furthermore, not all of these studies
explicitly consider the effects of congestion, which are a key driving factor in capacity
investment. The “concession revenue” issue in the airport setting, which gives upstream firms

additional incentives to increase their traffic volumes, is also not present in the port setting.

3. The Economic Model and Scenario Specification

More specifically, our results can be applied to the landlord model of the container shipping
industry, in which shipping lines can invest in a port’s superstructure and act as the terminal
operator. Each port is assumed to have only one terminal operator, which is hereafter referred
as the “port.” To facilitate an understanding of our analysis, the shipping services at the two
ports in our model are either substitutable or complementary. The substitutable scenario is
likely to emerge when two ports are adjacent to each other and provide similar services, such
as the Port of Singapore and the Port of Tanjung Pelepas in the Malaysian state of Johor.
Other examples of substitutable ports include Rotterdam and Antwerp, and Chabahar and
Gwadar. The complementary scenario is more likely to arise in cases in which one port serves
as a hub (e.g., Shanghai) and the other as a feeder port (e.g., Taicang, Zhenhai), or in cases in
which one port is a gateway port (e.g., Shanghai) and the other is an inland river port (e.g.,
Wuhan, Nanjing).

We consider a case in which there are two adjacent ports, 1 and 2, with constant marginal
costs of ¢! and c?, respectively. Here, the ports refer to sole terminal operators that seek to
maximize their profits by investing in the superstructure and setting charges for carriers. Two
shipping lines, A and B, provide services with constant marginal costs of ¢4 and cg at both

ports. The demand faced by the shipping lines can be specified as in equation (1), where P*



and Q' are the prices of shipping services and the total output at port i, respectively, and i =
1, 2. The total output at port i is the sum of the outputs of the two shipping lines at the port,
ie., Q' = q4 + q5, where g4 and g} are the outputs of the respective shipping lines. K}
denotes the initial capacity at port i, whereas y is a parameter related to the shipping lines’

congestion costs:
1 Qb _ 1 2 p2 Q? _ 1 2
P +VF_1_bQ —hQ ,P +]/F—1—hQ —bQ (1)
0 0

To ensure mathematical tractability and a clear economic intuition, we assume that the two

ports have the same initial capacities, i.e., K} = K = K.

In (1), b and h are the ports’ output sensitivities to their generalized prices. We consider
scenarios in which shipping services at the two ports are either substitutable or
complementary. Therefore, it is assumed that b > 0 and —b < h < b. On the cost side, we
assume that the two shipping lines have identical marginal costs, which are normalized to
zero without a loss of generality, i.e., ¢, = cg = 0. The same assumption is also applied to
the ports, and thus ¢! = ¢? = 0.2

3.1 Benchmark case: no investment

We first study a case in which port capacity investment is not an option as a benchmark. The

shipping lines’ objective functions are:

maxm = qi- (P —wh+ i (P2 —wh), ?)
k'"k

where k = A, B. The ports’ objective functions are:

maxllt = Q" - w. 3)

The local social welfare in the benchmark case is defined as:

SWy = Q' + Q% — b[(@1)* + (@*)?]/2 — hQ'Q* — (P' —whH)Q' - 4

(P2 - whe, @
where Q! + Q% — b[(QY)? + (Q*)?]/2 — hQ*Q? is the port users’ surplus, and (P! —
whQ! + (P2 — w?)(Q? is the profits of the two shipping lines. Note that the shipping lines

are international companies and thus their profits are not included in the local welfare.
3.2 Port self-investment

We then consider a case of investment in the absence of vertical integration, where port 1
decides its own capacity expansion, AKZ. The behaviors of the two shipping lines and the two

ports are modeled using the following multi-stage game.

2 Relaxation of these assumptions does not qualitatively change our analytical results. A detailed analysis with

the relaxation of this cost assumption is available upon request.



In Stage 1, port 1 decides the extra capacity, AKZ, to be invested. Setting the capital
cost per unit capacity as r, the associated port investment cost born by port 1 is rAK¢ and the

capacity of port 1 (with investment) becomes K& = K§ + AKZ.

In Stage 2, the two ports set their respective port charges, wi, per unit of output (e.g.,

per container).

In Stage 3, the two shipping lines compete in quantity to maximize their individual

profits.

The objective function of shipping line i is still given by equation (2). However, port 1 aims

to maximize its profit [1; and thus its objective function can be specified as:

—0l. 1 _ AKL .
rrvtc}xl'll—Q w —AKg - 1. (5)

Moreover, port 2 does not need to make an investment decision, and its objective function

remains identical to equation (3), with i = 2.

The local social welfare in the port-self investment case is defined as:

SWs = Q' + Q% — b[(@)* + (@*)°]/2 — hQ'Q? 6
_(Pl_Wl)Ql_(Pz_WZ)QZ_AKsl 7. ( )

The only difference between equations (5) and (6) is the component AK¢ - 7, which denotes

the port investment cost.
3.3 Shipping line investment

In this case, we consider the scenario in which shipping line A is also prepared to invest in
extra capacity, AK;} , at port 1. The behaviors of the two shipping lines and the two ports are
modeled using the following multi-stage game.

In Stage 1, shipping line A decides the extra capacity, AK;} , to be invested, and the
cost of investment and the corresponding benefit are secured by this line. At a capital cost per
unit capacity , the associated port investment cost is rAK; , and the capacity of port 1 thus
becomes K} = K¢ + AK}} .

In Stage 2, the two ports set their respective port charges, w}, per unit of output (e.g.,

per container).

In Stage 3, the two shipping lines compete in quantity to maximize their individual

profits.

3 In practice, this investment is usually made by the shipping company’s sister or a subsidiary company that
specializes in terminal operations. For clarity and ease of notation, in our analysis we consider the investment to
be made directly by the shipping firm. Given the symmetry in our specification without a loss of generality, we

consider the case in which extra capacity is invested in port 1.



Because shipping line A now invests in port 1’s extra capacity AKy , port 1 shares its profit in
1

the proportion of AKLl" with shipping line A in return.* With this arrangement, line A’s goal is
|4

hence:

AK}

max 1 =qi- (Pr—wl)+q;5- (PZ—W2)+K—1-Q1-W1—AK1} T @)
i 1’4

The first part of the right-hand side of equation (7) represents the profit from the line’s
shipping services, while the second part represents the profit shared from the port investment.

Without the port investment and the associated profit sharing, the objective of line B becomes:

may g = qp - (P —wh) +q - (P* —w?). (8)
dp.9B

The objective of port 1 is expressed as:
Ky — AK}

QW ©)

maxI! =
wl
Moreover, port 2 does not have an investment decision, so its objective function remains the
same as equation (3), with i = 2.

The local social welfare in the vertical investment case is defined as:

SWs = Q' + Q% — b[(@N)* + (@)?*]/2 — hQ*Q?

AR (10)
_ (Pl _ Wl)Ql _ (P2 _ WZ)QZ _ K_‘}V Ql . Wl.
1
Note that in the vertical investment case, shipping line A shares part of the profit A}flv Q-
\4

wt from port 1, which is excluded from the local welfare.

Admittedly, our setting specifies a vertical relationship with no exclusivity. In particular, the
changes in K affect the constant in the inverse demand system in (1), thus increasing the
maximum willingness to pay for shipping services. This can be interpreted as an element of
vertical differentiation that introduces asymmetry in the inverse demand system (e.g.,
Hackner, 2000). However, this type of vertical differentiation is special and differs from the
other types of vertical differentiation in the literature because it is related to not only the

investment (port capacity) but also the operational level of the company. In other words, it is

# In practice, a shipping line may secure benefits beyond the port profit, and the actual profit-sharing proportion
is also determined by the market/bargaining power between the shipping line and the port operator. The
allocation of profit based on invested capacity is a “fair” simplification of the industry reality. An alternative
modeling approach to this issue has been examined in the aviation economics literature (see for example Yang

et al., 2015, albeit in a different scenario).



not as straightforward as the quality variables in the other setting, which usually increase

monotonically with increased investment.

4. Analytical Results
4.1 Benchmark case: no investment

Using backward induction, the shipping lines determine their outputs according to the ports’
charges:

i _ pYQ-wp)+K[b(1-wy)—h(1-w_;)]
kv = 3[y2+(b2—h2)K242byK] an

where N represents the case of no investment.

By substituting the above equation into equation (3), we can obtain the equilibrium port

charge as:
i — Yrb-mK
N ™ 2y+@b-n)K’ (12)

4.2 Port self-investment

We first study a case in which vertical integration is not present and port 1 uses its own
capital to invest in capacity. Using backward induction, the equilibrium traffic volumes in the
third stage are given by:
y(A-w)+K[b(1-wy)-h(1-w;)] 13
3[y2+(b2-h2)(K+AKE K +by (2K+AKE )] (13)
s o v =wy) + (K + AR —wy) — h(L = wy)] (14)
as = 65 = R 30,2 1 (b2 — h2)(K + AK2)K + by (2K + AKD)]'

qis = qps = (K + AKJ)

By substituting equations (11)—(14) back into the second stage, the equilibrium port charges

can also be derived as:

1 _ 2y?+(2b?—h%-bh)K(K+AK$ )+y[2b(2K+AK§ )—hK] (15)
ST 4y2+(4b%2—h2)(K+AKY )K+4by (2K +AKL) ’

w2 = 2y%+(2b2—h%-bh)K (K+AK3 )+y[2b(2K+AKE )—h(K+AKE )] (16)
S -_ .

4y2+(4b2-h?)(K+AKE )K+4by (2K+AKE)

Using a comparative static analysis, we obtain the following proposition:

Proposition 1: When the two ports are substitutes, a self-capacity investment in one port
decreases the charges of both ports. When the two ports are complements, a capacity
investment in one port decreases its own port charge and increases the charge of the other

port.
Proof:

10



From equation system (1), we can easily see that:

ows Yh2K (2y + 2bK + hK) 0
dAKE ~  [4y2 + (4b2 — hO)K(K + AKL) + 4by (2K + AKD)]?

and

owg 2yh(y + bK)(2y + 2bK + hK)
MK — [4y2 + (4b2 — h2)K(K + AK}) + 4by (2K + AKE)]?

< O0Owhenh > 0;>0whenh < 0.

Q.E.D.

Proposition 1 is quite intuitive. The capacity investment in a port reduces its congestion cost
and leads to a higher tolerance for traffic, which in turn leads to a decrease in the optimal port
charge. The impact on the charge of the other port reflects the market interaction. In
particular, when the two ports are substitutes, the decrease in the charge of one port naturally
induces the other port to reduce its charge, as the two are engaged in price competition. In
contrast, when the two ports are complements, the opposite impact is observed such that the
increased traffic volume has a similar effect as the demand increases, which leads to a higher

charge.

From equations (11) and (13), we can show that 3Q*/dw,; < 0 and 32Q*/dw;0AK} < 0. In
other words, when AK¢ is larger, the demand of port 1 is more responsive to the port charge,
which tends to reduce the optimal port charge. However, from equations (12) and (14), it is
clear that 0Q%/0w; > 0 and 92Q?/0w,0AK} > 0 when h > 0, while 0Q%/0w; < 0 and
02Q?% /0w, 0AK} < 0 when h < 0. In other words, when AKZ is larger, the demand of port 2
is also more responsive to the charge of port 1. When the two ports are complementary, the
increased capacity of one port has a positive impact on the traffic of the other port. When the
two ports are substitutive, the increased capacity of one port enhances its competitive
advantage and has a negative impact on the traffic of the other port. These impacts on traffic

are then reflected in the corresponding port charges.

Two interesting observations extend from Proposition 1: (1) the port charge remains the same
when y = 0; and (2) the port charge remains the same when h = 0. The first observation is
related to port congestion, and suggests that the port charge is not influenced by a capacity
investment when there is no congestion. This is intuitive because a capacity investment is
only necessary in the case of congestion. The second observation concerns port interactions
and shows that the port charge does not respond to a capacity investment when the two ports

are independent of each other. In this case, an independent port always adopts monopoly

11



pricing, and thus the impact of congestion is only reflected in the equilibrium traffic levels.

Therefore, studies of individual ports can be regarded as extreme cases in our model.
4.3 Shipping line investment

When shipping line A invests in extra capacity for port 1, the equilibrium traffic volumes in

the third stage are given by:

ahy = ! [K(1 —wy)
3[y2 + (b2 — h2)(K + AK} K + by (2K + AK}})] 17
+ AKE (1 + wy) + bK2(1 — wy) + BKAKE (1 + wy) a7

— hK (K + AK} (1 —wy)],

5 [y(1 —w,) + b(K + AK})(1 —w,) — (18)
1 _ 14 — 11— 1
BV = 3121 (b2-n2)(K+aKD K +by (2K+0K3 )] (KA —w) + 2Ky (1—2wy) +  (19)
bK2(1 —w,) + bKAKE (1 — 2w;) — hK (K + AK2)(1 — w,)], and

2 _ K _ 0
v = Sprrronnacraciykabyrrarg) LV (1~ Wa) + DK + AKy ) (1 — wy) (20)
hK(1 —wy) — hAK) (1 — 2wy)].

2 _ K
dav 3[y2+(b2—h2)(K+AKS )K+by (2K +AKYS

The equilibrium port charges in the second stage are given by:

1 _ 2(K+AKy ) 2 1y _
WV = (K +0KD )[4y 2+ (4b7—h2)K(K+AKR ) +4by (2K +AKL )] {2y" +y[2b(2K + AKy ) 21)
hK] + K(K + AK} )(2b% — h? — bh)}, and
2 _ 1 2 2 _pn2 _ 1
Wy = 4y2+(4b2—h2)K(K+AKE ) +4by (2K +AK}) {(2y" + (2b h* —bMK(K + AKy ) +

Y[2b(2K + AK}) — h(K + AKD)]).  (22)

From equations (21) and (22), we can conclude the following proposition.

Proposition 2: When the two ports are substitutes, a vertical port capacity investment
increases (decreases) the charge of the corresponding port (the other port). When the two

ports are complements, a vertical port capacity investment increases the charges of both

ports.
Proof:
ow;
_Vl >0
FING
ow 2yh(y + bK)[2y + 2bK + hK]

9AKT  [4YZ + (4bZ — iDK(K + AKL) + 4by (2K + AKD)]?

< 0Owhenh > 0;> 0whenh < 0.

Q.E.D.

12



Proposition 2 is particularly interesting when compared with Proposition 1, as port self- and
vertical capacity investments have very distinctive impacts on port charges. Particularly,
when the two ports are competing with each other, a shipping line investment in one port
increases rather than decreases the charge of the corresponding port. In this case, because
shipping line A invests in port 1 and shares a corresponding percentage of the port’s profit,
the increase in the charge of port 1 has two effects on the shipping line market. First, the
increased charge has a cost increase effect, such that an increase in the port charge leads to a
higher input cost and thus reduces the output of line A. However, as the line receives a
“rebate” (i.e., in the form of a shared port profit), this effect is significantly reduced. Second,
the increased charge has a competition effect because line B does not share the port profit and
thus suffers more from the port charge increase. Moreover, part of the extra charge paid by
line B is transferred to the rival line A. As a result, competition is distorted in favor of line A
at the expense of line B.> With the combined “cost increase effect” and “competition effect,”
line A has a strong incentive to invest in more port capacity, which further reduces the
congestion cost and moderates the total port throughput reduction caused by the port charge
increase. In other words, the greater the extra capacity (hence a larger share of port capacity
belonging to shipping line A), the less responsive is the demand of port 1 to the port charge,
which increases the optimal port charge.

In terms of the impacts of congestion and port interaction, we can also see a difference
between port self-investment and vertical investment. First, we can see that when y = 0,
owz/0AK} =0, while owy/0AKE = (2 — c)K(b — h)/[(2b — h)(2K + AK})?] > 0. In
other words, a capacity investment in the vertical case has an impact on the port charge that is
not due to the congestion effect. However, dwj/0AK} = 0 when h = b is also in place
because when shipping line A has a stake in port 1, it has an incentive to raise the port charge
to undercut its competitor, shipping line B (i.e., the abovementioned “competition effect”).
The port charge does not increase only when the services of the two ports are perfectly
substitutable, as in the case where shipping line B shifts its operations to port 2. Second,
when h = 0, dw3 /0AK; = 0, while dw; /0AKy = (2 — c)K/[2(2K + AK}} )?] > 0. Again,
the increased stake of shipping line A in port 1 increases the incentive of line A to raise the

charge of port 1 to undercut shipping line B.

By substituting equations (15) and (16) into equations (11)—(14) and equations (21) and (22)
into equations (17)—(20), we can determine the respective equilibrium port charges and traftic
volumes for any given extra port capacity investment level, AK and AK;} . Compared with

port self-investment, a port capacity investment by one shipping line increases the output of

5 A similar intuition has been identified in the “raising rival’s cost” literature (see, for example, Salop and
Scheffman, 1983) and the “revenue sharing” literature (see, for example, Fu and Zhang, 2010; Zhang et al.,

2010; Fu et al., 2011).
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this shipping line and decreases that of the other shipping line in the corresponding port under
the same investment level. The investment also increases (decreases) the output of this
shipping line and decreases (increases) that of the other shipping line in the other port when
the two ports are complements (substitutes). In this case, the investment increases the total
output of this shipping line and decreases the total output of the other shipping line, but has

no impact on the total output of the two ports.

5. Numerical Results

To ensure model tractability, we imposed some simplifying assumptions. Nevertheless, even
with these simplifications, it is difficult to obtain closed-form solutions for the equilibrium
capacity investment. Therefore, it is difficult to compare the market equilibrium outcomes.
To acquire more insights and economic intuitions, especially on the impacts of different
parameters on the market equilibrium, we report our numerical analysis in this section while
focusing on the equilibrium capacity investment levels for both the port self-investment and
vertical investment cases. We first use selected values for some parameters to enable
simulations. Sensitivity tests are subsequently applied to these parameters to validate the
robustness of the quantitative conclusions. In particular, K and h are two crucial parameters
for which the values have important implications for the modeling results. The values of
these parameters are given in Table 1. As discussed in the modeling section, b and h are the
sensitivities of the ports’ outputs to their generalized prices, y is a parameter related to a
shipping line’s congestion cost, r is the capital cost per unit of capacity, and K is the initial
capacity at the ports. Note that a non-negative condition is imposed on all the variables, and

this is the main reason underlying some of the obtained corner solutions.

<Insert Table 1 about here>

In this section, we primarily focus on issues relating to the factors moderating the capacity
investment, the implications of the initial port capacity and port charges, and the
determination of port traffic, profits of the shipping lines and ports, and social welfare. We
first study the equilibrium capacity investment levels, which are depicted in Figure 1. The

following observations are obtained.

1. In general, a capacity investment in port 1 (non-strictly) decreases as h increases. To
determine this, we first analyze the characteristics of the competition between ports 1 and 2,
which is characterized as a Bertrand competition in the port charges. As the competition
becomes more severe (h increases), the port charges decrease. Although the lower port

charges (caused by sharp competition) may attract more demand, the reduced charges will
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eventually reduce the ports’ revenues and make port 1 more reluctant to invest in capacity
expansion. Moreover, shipping line A has more sources of profit (from its shipping business),
and thus can sustain more investment costs than port 1, which is why severe competition has
a more significant impact on capacity expansion in the case of port self-investment, compared

with the case of vertical investment.

2. The impact of the initial capacity K on the investment level is not monotonic. In particular,
when K is small, the equilibrium capacity investment of port 1 in the self-investment case is
larger than that in the vertical investment case. When K is sufficiently large, this relationship
is reversed. Moreover, when K is in the middle range, the equilibrium capacity investment of
port 1 in the self-investment case is larger than that in the vertical investment case if and only
if h is small. To understand the intuition behind this finding, we first demonstrate an
interesting phenomenon whereby, in some cases, shipping line A’s vertical investment in port
1 may drive shipping line B out of port 1. In other words, port 1 becomes a “dedicated port”
for shipping line A (see Figure 3). The reason for this is intuitive because providing service to
shipping line A is the priority for its investment in port 1. If the port capacity is not sufficient
to serve both shipping lines, the non-investor (shipping line B) is excluded. However, when
the investment is made by port 1 itself, this scenario never arises because port 1 is a “public”
port that serves both shipping lines. When the initial capacity K is small, it is difficult to
serve both shipping lines, and shipping line A’s vertical investment aims to satisfy itself only,
while the port self-investment tries to cover the demand of both shipping lines. This causes
port 1°s investment in the self-investment case to be larger than that in the vertical investment
case. When the initial capacity K is large, it is possible to serve both shipping lines, and
shipping line A can gain more profits by investing more (which satisfies both itself and
shipping line B and shares the joint profit with port 1). Therefore, shipping line A’s vertical
investment is larger than port 1’s self-investment. When K is in the middle range, another
factor, i.e., the degree of competition h, determines the comparison results. Severe
competition (large h) reduces the revenue from the port expansion and thereby discourages
the willingness of port 1 to invest more than shipping line A (because shipping line A has
more sources of profit and can endure severe competition). Therefore, when K is intermediate
and h is small (large), the equilibrium capacity investment of port 1 is larger (smaller) in the

self-investment case than in the vertical investment case.

3. When K is sufficiently large, the capacity investment in the self-investment case is zero
when h is not very small because when port 1 has sufficient original capacity, the benefit of
further investment is small unless there is substantial complementarity between the two ports.
However, in the case of a vertical investment where shipping line A determines the capacity
investment, the level of investment remains substantial as long as h is not very large. The
shipping line’s strong incentive for port capacity investment is likely due to the previously

identified “competition effect,” which gives the investing line (i.e., shipping line A) a

15



competitive advantage against its rival. This observation is worth exploring further in future
studies on social welfare, as a capacity investment in the vertical investment case may not be

socially efficient and may distort the market competition.

<Insert Figure I about here>

Next we investigate the equilibrium port charges in the second stage of the game. Figure 2
maps the relationships between the port charges and h under three different values of K. We

also obtain a few observations from this figure.

1. All port charges decrease in h. As h increases, the competition between the two ports

intensifies, which leads to reduced port charges.

2. Port 1 always charges more in the case of vertical investment than in the case of self-
investment because when shipping line A invests in port 1, it is “held-up” and operates in this
port even when the port charge is higher (due to the moderating effect of profit sharing on the
increased port charge and the competition effects). Ceteris paribus, it is profitable for port 1
to increase its charge. However, it should be noted that this does not necessarily mean that
shipping line A’s profit is reduced, as its share of the port’s revenue is now proportional to its
investment. In contrast, port 2 increases (decreases) its charge in response to the change in
the charge of port 1 in the case of vertical investment, as compared with the case of self-
investment when the two ports are complements (substitutes). Note that the change in port 2’s
charge is less substantial when K is larger because under the condition of a shortage of port
capacity, port 2 has stronger leverage to change its charge in response to port 1’s price

change.

<Insert Figure 2 about here>

The third stage of the game concerns the determination of traffic volumes. Figure 3 shows the
relationships between the traffic volumes and h under three different values of K. Again, a

few observations can be obtained from this figure.

1. All traffic volumes other than g3, decrease along with h. As h increases, the services
between the two ports become more homogenous, and thus the competition between the two
ports intensifies. This naturally decreases the traffic volumes. The only exception is the
traffic volume of shipping line B in port 2 in the case of vertical investment. In this case,

shipping line A invests in port 1 and thus tends to drive its competitor, i.e., shipping line 2,
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out of this port (i.e., the “competition effect”), which leads shipping line 2 to increase its

traffic in the other port when the two ports are substitutes.

2. Shipping line A always has more output (traffic volume) in port 1 in the case of vertical
investment, while it has more (less) output in port 2 when the two ports are complements
(substitutes). These results are intuitive, as vertical investment leads to more operations from
the investing shipping line in the port receiving the investment. In contrast, shipping line B
always reduces its operations in port 1 when its competitor invests in the port and shares the
port profit. However, the operations of shipping line B in port 2 are lower in the vertical
investment case than in the port self-investment case only when the two ports are
complements. Again, these results reflect the combined effects of the shipping line

competition and inter-port relationships (i.e., substitutes or complements).

3. When either K or h is small, g3, = 0, which means that the investment of shipping line A
in port 1 drives shipping line B out of port 1 entirely. It should be noted that when K is small,
further investment by shipping line A in the vertical investment case will give the line
substantial market power at the port, such that it will share a substantial proportion of the port
profit, including those derived from its rival line B. In this case, the “competition effect” is
significantly strong such that line B is driven out of line A’s “home turf.” This outcome is
related to the overinvestment in the vertical investment case identified in Figure 1, and is
further reflected by the fact that shipping line A only pulls back from over-investing when h

is large and thus leaves some room for shipping line B to operate in port 1.

<Insert Figure 3 about here>

The implications of K and h for the profits of shipping lines and ports and the social welfare
are also worth investigating. The implications for profits are summarized in Figure 3. These

give rise to the following observations.

1. The opportunity to invest in port 1 always increases the profit of shipping line A and
reduces the profit of its competitor. These effects are diminished when the services of the two
ports are more homogenous (i.e., a larger h ); in this scenario, shipping line A has less control
over the market, even when it can invest in a port. In contrast, its competitor can shift to the
other port with relative ease. This result indicates that shipping lines always have incentives
to invest in ports and explains the trend of vertical investment and integration observed in the

maritime industry.

2. In most cases, regardless whether the two ports are complementary or substitutive, vertical
investment improves the profitability of the port that receives the investment because the port

can enjoy the benefit of decreased congestion without paying the cost. Vertical investment
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also makes shipping line A more dedicated to using port 1, especially in the case in which the
two ports offer substitutive services. This logic is further reflected by the fact that the only
situation in which port 1 can achieve a worse outcome under vertical integration is when the
two ports are very complementary. In this case, the other port achieves a worse outcome
when the two ports are complements and a better outcome when the two ports are substitutes,
likely because port self-investment can more efficiently determine the level of capacity,
which benefits (hurts) the other port when they are complements (substitutes). However, the
impact on port 2 becomes negligible when the original capacity of the ports is sufficiently

large.

<Insert Figure 4 about here>

As reflected in Figure 5, the implications of vertical investment in terms of social welfare are
strikingly clear and unequivocal. Allowing one shipping line to vertically invest in a port
appears to strictly reduce the level of social welfare, irrespective of the values of K or h. In
fact, the much higher capacity investment under vertical investment suggests that this is
largely due to over-investment. As abovementioned, shipping line A in our model has a
strong incentive to invest in port capacity and thus fully exploit the “competition effect.”
However, excessive investment and competition distortion are not beneficial to society as a
whole. Nevertheless, caution should be taken when generalizing this finding for a number of
reasons. First, this result is obtained under the case of “fair” profit sharing considered in our
model (i.e., proportional to the capacity share). In practice, this may be influenced or
determined by line-port negotiations or even governmental regulation. Additionally, a port
may accommodate investments from more than one shipping line (i.e., lines A and B in our
model). Nonetheless, Zhu et al. (2019) suggest that investment in the vertical integration of
port capacity can still benefit society as a whole, depending on the distribution of the market
power between the shipping lines and the port. Second, a multi-port system may include ports
in the same country (e.g., Shanghai and Ningbo) or from different countries (e.g., the Port of
Singapore and the Port of Tanjung Pelepas). In the latter case, each port (and its
authority/government) only cares about the “local” wellbeing and not the overall social
welfare. Therefore, it seems premature to generalize this finding at the current stage.
Nevertheless, our modeling results suggest that government regulators, especially those from
countries that host multiple ports, should seek to restrict particular lines from gaining

excessive control over ports.

<Insert Figure 5 about here>
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6. Joint Profit Maximization of the Ports

In this section, we investigate a case in which the two ports jointly maximize their total profit,
which can arise when the two ports are under the same authority (e.g., the Port Authority of
New York and New Jersey). We then examine whether the difference in the ownership

structure of the ports changes the obtained results.
6.1 No investment

In line with the previous section, we first study the case of no capacity investment. Because
there is no investment decision to make in this scenario, the two ports simply set their port

charges as wi per unit of output (e.g., per container).

Thus, the ports’ collective objective function becomes:
M=Q' w!+Q? w2 (23)
The outputs of the shipping lines, which are conditional on the port charges and capacity

decisions, are still given by equation (11). By substituting this equation back into equation

(23), we obtain the equilibrium:
wl =w2' =1/2. (24)

By comparing equation (24) with equation (12), we can see that when h > 0, W;l > wi and
wZ' > wZ; when h < 0, wl’ < wl and w2 < w. This is quite straightforward, as when h >
0 (h <0), the two ports are substitutes (complements) and the total profit of the ports

benefits from a joint increase (decrease) in their prices.

6.2 Port self-investment

We first study the case of port self-investment. The game structure is similar to that in
Section 3.2, except that in Stage 1, the two ports collectively decide the extra capacity, AKZ,
to be invested in port 1. In Stage 2, the two ports collectively set their port charges, wé, per

unit of output (e.g., per container).
The ports’ collective objective function in the second stage then becomes:
=0 wl+Q? w?—-AK? -r. (25)

The equilibrium port charges are the same as in equation (24), and the equilibrium investment

1S:

1/ _ _VYKOB-M+y)  yBK+y)
AKs = axroy Ve pikiby-nik K- (26)

6.3 Shipping line investment
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We then study the case of vertical investment. We also restrict the investment to one port
(port 1) and one shipping line (shipping line A). The behavior of the two shipping lines and
the two ports is modeled as the following multi-stage game. In Stage 1, shipping line A
decides the extra capacity, AK;} , to be invested, and the cost of investment and the
corresponding benefit are secured by this line. At a capital cost per unit capacity r, the
associated port investment cost is rAK;} , and the capacity of port 1 thus becomes K = K +
AK;} . In Stage 2, the two ports collectively set their port charge as w}; per unit of output (e.g.,
per container) to maximize their total profit. In Stage 3, the two shipping lines compete in

quantity to maximize their individual profits.

The two ports’ objective functions are:

_ Ky —AKy
Ky

I Ql-wt+ Q% w2, @27)

Using backward induction, we first obtain the shipping lines’ outputs conditional on the ports’

charges and capacity decisions:

L (aky +K)[K (b (28K wiy-wiK +K)+hK (w§-1) ) +y (20K wi—wiK+K)] (28)

Qav 3K[b2K(AKE +K)+by (AKS +2K)—h2K (AKE +K)+y?] ’

7 r_ bK (W&—1)(AKy +K)+h(AKF +K) (2AKy wi—Kwi+K)+yK(wi—1) (29)
AV 3[b2K(AKE +K)+by (AKE +2K)—h2K(AKE +K)+2] ’

ql " _ (AKy +K)[K (bwi (AKy +K)—bK—hK (W —1))+ywy (AKy +K) K] (3 0)
BV 3K[b2K(AKE +K)+by (AKS +2K)—h2K(AKE +K)+y2] ’

a2 r_ —bK(W3—1)(AKF +K)+h(AKy +K) (Wi (AKy +K)—K)+y (K—Kwd) (31)
BV 3[b2K (K +K)+by (AKE +2K)—h2K (MK +K)+y2]

By substituting equations (28)—(31) back into equation (27), we obtain the equilibrium:

wi' = Z—: and (32)
wg' = Z—z, (33)
where

My = 2K} (K} (—4b2AK}® + bAKE (MK} h — 4y) + 30K} *h? + AK} yh + 4y?)

+ K2(bAK} h + 8by — AK} h?) — 4DKy (bAK} + g)
+4K: (b - R)(b + h))

M, = 2(AK} — K2 )(KZ (AKE (2b2AKE + bAKE h + h(y — 3AKE b)) — 4y2) + 4K} > (k2
— b?) + KL ?(=2b(bAKE + 4y) + bAK} h + AK} h?) + AKL y(2bAKE
+ AK} h + 2y))

My = 8b%2K (MK - K )(AK} + K )(AK} — 2K} ) + 8bg(AK) - K ) (AKE + 2K} ) (AK) —
2K} ) — 9AK} *h2K} + AKY” (8y? + 15hK} ") + 8K} K (2K} * = 3y%) + 16K} “(v +
hKy ) (y — hKy).
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Again, as we cannot obtain the analytical result for AK}} , we rely on a numerical analysis to

generate insights for analysis. The numerical results are presented in Tables 2 and 3.

<Insert Table 2 about here>

<Insert Table 3 about here>

7. Policy Discussion

Our analytical and numerical results have some important policy implications. In this section,

we connect our analysis to the industry realities and discuss the relevant policy issues.

The market status of ports has worsened with the formation of shipping alliances. In 2019,
the top eight carriers worldwide were all members of one of three shipping line alliances. The
ninth largest carrier closely cooperates with the 2M alliance, which was launched by the
world’s top two carriers, Maersk and MSC, in 2014. These nine leading carriers have a total
market share of 81.1% and, as a result, ports are increasingly dependent on only a few
carriers or alliances. For example, UAE’s Port Khorfakkan lost more than 40% of its
throughput in 2017 (Knight, 2018) after the world’s 10" largest carrier, UASC, integrated
with Hapag—Lloyd. The merged firm then shifted to another alliance and transferred all of its
transport volumes from Khorfakkan to another UAE port, Jebel Ali. Another example is Port
Gioia Tauro in Italy (Knowler, 2019), which is overly dependent on the 2M alliance and
receives few calls from medium- and small-sized carriers. Gioia Tauro has struggled to
match the growth of its neighboring rival since Maersk stopped calling at the port for trans-

shipment services in 2011.

Vertical integration and cooperation could provide answers to the dominant shipping line
alliances (OECD/ITF, 2018), and are supported by our analytical results. Our results show
that in most of the cases, the port under investment achieves a better outcome with vertical
investment. For example, in 2017, the Port of Valencia in Spain regained its position as the
largest Mediterranean container hub, following investments from Cosco, MSC, and Maersk.
Cooperation between the terminal operator (PSA) and carriers (CMA, CGM, and Cosco) also
helped the Port of Singapore to attract new services (Lloyd’s List, 2018).

However, local governments and port authorities must be aware that vertical integration and
cooperation may not provide solutions to all of their problems. Although our findings suggest
that investing/cooperating carriers generate more output and thus guarantee some transport
volume in the integrated port, vertical integration may have some negative impacts. For

example, the Port of Gioia Tauro was solely dependent on MSC after the withdrawal of
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Maersk, and found it difficult to reach their agreed target on weekly container moves. In
addition, as the shipping line alliances tend to be unstable, the route design may change
significantly when a shipping line shifts to another alliance (OECD/ITF, 2018). Although the
carrier may have vertical cooperation with a port, it may need to sacrifice the port when
joining a new alliance and working with its new partners, which may lead to a route network
reconfiguration. Although there is no formal empirical evidence to support this possibility in

the literature, it is an interesting avenue for further study.

Although ports that vertically cooperate with shipping lines may achieve better outcomes,
national port and competition authorities should consider this issue more comprehensively. In
some cases, two nearby ports located in different countries directly compete with each other.
One example is Gwadar, Pakistan and Chabahar, Iran. These two ports are supported by
China and India, respectively, and both aim to provide access to Central Asia at the entrance
of the Oman Gulf. In this case, it is understandable that each port would strive to increase its
own profit, regardless of its rival’s situation. However, port authorities and governments
should treat vertical cooperation with caution when they manage more than one port in the
same group. Our findings indicate that vertical cooperation reduces the overall social welfare
of the ports, which suggests that governments should review their vertical cooperation and
integration regulations (OECD/ITF, 2018). For example, the Turkish competition authority
recommended that the Ports of Izmir and Mersin should not be transferred to the carriers’
operating companies. In Chile, the Port Law prohibits port users from owning more than a 40%
share of the concessionaire. In contrast, in some cases, the carriers face little resistance when
acquiring port terminals. For example, the national competition authorities in Greece and
Spain showed little concern when Cosco acquired the Ports of Piracus and Noatum. These
examples suggest that vertical integration proposals that raise concerns about competition and
welfare should be thoroughly examined by the appropriate authorities, including through

case-by-case studies.

It would be useful to extend our analytical study to better reflect the alternative relations and
forms of cooperation between shipping lines and their invested ports. Shipping lines claim
that they operate at arm’s length with their sister terminal operating companies, which would
exclude the favorable terms or priorities that they could enjoy through common
management/ownership within the same group (Anderson, 2016a). However, when the sister
companies (shipping lines and their terminal operating arms) achieve greater synergy, they
may develop a more “integrated” form of cooperation than that considered in our model. For
example, Maersk and APM Terminal intend to increase their collaboration by signing new
contracts at key ports, and have entered into various cooperation arrangements to improve

efficiency and productivity since 2016 (Anderson, 2016b).
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In the following Table 4, we have summarized the analytical conclusions from previous

sections and linked them with the policy discussions above.

<Insert Table 4 about here>

8. Conclusion

The increasingly common vertical integration of ports and shipping lines in the maritime
industry has emphasized the importance of identifying the market and welfare consequences
of this practice. Here, it is necessary to explicitly consider multi-port interactions because
ports operate in interconnected networks that can drastically affect their relationships with the

shipping lines.

Using analytical and numerical studies, we find that when two ports have sufficiently large
original capacities and generally non-complementary operations, allowing a shipping line to
invest in a port will result in higher levels of investment, compared with the case of port self-
investment. Moreover, we show that the vertical investment of a shipping line in a port will
always increase its own profit and reduce its competitor’s profit. In most cases, the
profitability of the port receiving the investment is improved, although the impact on the
profitability of the other port is negligible when the initial capacity is not very small. The
most surprising and potentially alarming finding is that a port capacity investment made by a
shipping line always reduces the social welfare, compared with a port self-investment. This
result may alarm regulators, as it suggests that even in cases in which vertical cooperation
and integration yields clear benefits, such as capital availability and synergy effects, our
results suggest that allowing a shipping line to take excessive control over a port may yield
negative outcomes, especially with respect to the amount of extra capacity that would be
provided. However, it is also worth noting that this result should not be over-interpreted,
because it is based on a simplified analytical framework. Admittedly, in reality, social
welfare in the context of or resulting from port development is a more complex matter than
modelled in this paper. For example, we only consider the surplus of port user but ignore
other local stakeholders, who might have different or even opposite incentives regarding port
investment (e.g. they may also consider environmental externalities as part of the social
welfare component). In other words, our social welfare analysis can provide certain policy

implication, but it should not be taken out of context.

Furthermore, we wish to emphasize that we do not recommend the introduction of strict
and/or immediate regulations on vertical cooperation and integration between shipping lines

and ports. Although our paper focuses on container shipping, we believe that our model and
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results can shed light on the shipping industry in general and on other industries with minor
modifications to the model. Further investigation of alternative arrangements and market
structures (e.g., negotiation, service quality effects, exclusive/inclusive terminal use) is also
needed. Indeed, this paper raises a number of issues that warrant further research. First, it
would be of public interest to determine whether giving a shipping line limited rights to a port
capacity investment would benefit society (i.e., increase welfare). Intuitively, restraining the
power of the shipping lines in this area should limit the tendency for over-investment,
although this needs to be confirmed or falsified through a rigorous analysis. Second, the
rather pessimistic conclusion of this paper may also be reversed if both ports are given equal
opportunities for capacity investment. Third, other factors related to the container shipping
industry could be incorporated into our model to better reflect the real situation. For example,
hinterland and inland access may have important implications for port competition and
investment (Haezendonck et al., 2000; De Borger et al., 2008; Zondag et al., 2010;
Homsombeat et al., 2016). Moreover, ports can have quite different cost structures, which may
have significant impacts on market outcomes that the current model cannot fully capture.
Therefore, the modeling assumption that ports have constant marginal costs may not be true
in reality. Indeed, ports may compete by using different cost structures or
specialized/differentiated services (Cullinane et al., 2005; Zhuang et al., 2014). The formal
incorporation of these features in the model will likely generate additional insights and thus

provide meaningful extensions to our findings.
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Table 1: Values of parameters for the numerical analysis

b 1

h [-1,1]
y 0.1

r 0.01
K {0.2,2,5}
Cy 0

Cp 0

ct 0

c? 0
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Table 2: The equilibrium under the port self-investment case with port joint profit

maximization
h -1 -0.5 0 0.5 1
K=0.2
QI%S 0.795 0.251 0.154 0.118 0.128
QI%S 0.641 0.195 0.111 0.072 0.026
wi=w2 |05 0.5 0.5 0.5 0.5
AK‘} 5.955 1.746 0.991 0.713 0.791
T, = T 0.239 0.074 0.044 0.032 0.026
1.376 0.429 0.255 0.183 0.146
SwW 2.286 0.622 0.360 0.254 0.201
K=2
QI%S 6.562 0.306 0.159 0.108 0.081
QI%S 6.408 0.304 0.159 0.108 0.081
wi=w2 |05 0.5 0.5 0.5 0.5
AKE 48.831 0.370 0 0 0
T, = T 2.162 0.102 0.053 0.036 0.027
12.482 0.607 0.317 0.215 0.163
SW 21.082 0.827 0.428 0.289 0.218
K=5
QI%S 16.175 0.321 0.163 0.110 0.083
QI%S 16.021 0.321 0.163 0.110 0.083
wi=wZ |05 0.5 0.5 0.5 0.5
AKE 120.29 0 0 0 0
T, = T 5.366 0.107 0.054 0.037 0.028
1 30.993 0.641 0.327 0.219 0.165
SW 52.410 0.863 0.438 0.293 0.221
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Table 3: The equilibrium under the shipping line investment case with port joint profit

maximization
h -1 -0.5 0 0.5 1
K=0.2
q/lw 0.587 0.411 0.25 0.173 0.131
qfw 0.449 0.219 0.111 0.056 0.026
Chﬁv 0.368 0.113 0 0 0
qgv 0.304 0.120 0.111 0.114 0.113
WI} 0.292 0.416 0.667 0.620 0.561
WI% 0.738 0.630 0.500 0.487 0.490
AKI} 0.100 0.159 0.100 0.067 0.035
Ty 0.287 0.234 0.101 0.055 0.032
g 0.096 0.024 0.019 0.020 0.019
nt 0.140 0.044 0.083 0.071 0.061
2 0.556 0.214 0.111 0.083 0.068
/4 1.442 0.609 0.378 0.259 0.195
K=
q/lw 3.704 0.553 0.323 0.200 0.142
qfw 3.590 0.374 0.159 0.067 0.024
Chﬁv 3.477 0.216 0 0 0
qgv 0.373 0.213 0.159 0.162 0.159
WI} 0.196 0.385 0.667 0.596 0.509
WI% 0.806 0.653 0.5 0.488 0.499
AKI} 0.210 1.387 1.000 0.538 0.054
Ty 1.348 0.299 0.124 0.054 0.028
g 1.126 0.050 0.026 0.028 0.027
nt 1.255 0.091 0.108 0.087 0.070
12 5.613 0.383 0.159 0.112 0.091
/4 11.794 0.943 0.475 0.300 0.219
K=5
q/lw 8.732 0.569 0.329 0.202 0.116
qfw 8.620 0.392 0.163 0.068 0.050
qév 8.506 0.225 0 0 0
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qLZ?V 8.398 0.224 0.163 0.167 0.128
W‘} 0.181 0.389 0.667 0.594 0.502
WI% 0.819 0.652 0.500 0.489 0.500
AK‘} 0.241 3.387 2.5 1.312 0.031
Ty 3.025 0.287 0.112 0.047 0.028
g 2.803 0.052 0.027 0.028 0.027
mt 2.972 0.100 0.110 0.088 0.076
12 13.943 0.402 0.163 0.115 0.089
/4 28.550 0.953 0.469 0.295 0.220

Table 4: The relationships between the conclusions in the numerical analysis

and the policy implications

Analysis conclusions

Policy implications

A port always charges more in the case of
vertical investment than in the case of self-
investment because the investing shipping
line is “held-up”.

Vertical integration and cooperation could
provide answers to the dominant shipping
line alliances. The port under investment
achieves a better outcome with vertical
investment.

An invested port the other port can both
achieve a worse outcome under vertical
integration when  they are very
complementary.

Local governments and port authorities must
be aware that vertical integration and
cooperation may not provide solutions to all
of their problems.

Allowing one shipping line to vertically
invest in a port appears to strictly reduce the
level of social welfare. Vertical integration
always increases the profit of investing
shipping line A and reduces the profit of its
competitor, even drives its competitor out of
its invested port.

Although ports that vertically cooperate with
shipping lines may achieve better outcomes,
national port and competition authorities
should  consider  this  issue  more
comprehensively.
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Figure 1 Comparisons of capacity investment with different initial capacity levels
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Figure 2
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Comparisons of port charges
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Figure 4 Comparisons of profits
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