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1. Introduction

International liner shipping is a sophisticated network of regularly scheduled services that
transports goods all around the world at low cost (e.g., Stopford, 2009). In one year, a single large
containership may carry over 200,000 container loads of cargo. Liner shipping connects countries,
markets, businesses and people, allowing them to buy and sell goods on a scale not previously
possible. Today, the liner shipping industry transports goods representing approximately one-third
of the total value of global trade (Ng and Liu, 2014). It contributes hundreds of billions of dollars
to the global economy annually, increasing gross domestic product in countries throughout the
world.

Container shipping is however a very volatile business prone to business cycles and fluctuating
freight rates (Luo et al., 2009). The liners are facing several challenges in today’s highly
competitive environment, one of which being the schedule (un)reliability problem. Based on the
monitoring of (at least) 5,410 vessel arrivals on 23 different east/west and north/south trade routes
between April and September 2006, a survey performed by leading maritime analyst Drewry
Shipping Consultants revealed that more than 40% of the vessels deployed on worldwide liner
services arrived one or more days behind schedule. The schedule unreliability has become a major
managerial and policy issue, and the problem has also drawn attention from the academia (e.g.,
Notteboom, 2006; Vernimmen et al., 2007; Chung and Chiang, 2011).

Some argue that vessel delays are largely uncontrollable by the liners. Common reasons include
bad weather at sea, congestion or labor strikes at the different ports of call, as well as the “knock-
on” effect, which refers to the delay passed on from one port-of-call to the next port-of-call.! More
serious delays can be caused by fire incidents, ship collisions or ship groundings. Others believe
that the schedule unreliability is mainly due to the fact that most liner carriers do not include in
their weekly schedules sufficient buffer time for such contingencies as bad weather and port delays,
because they regard buffer time as too expensive (Drewry, 2006).

It is therefore interesting to investigate whether a liner will try to control its schedule reliability
by internalizing port congestion, as well as the impacts of such behavior. In particular, given that
congestion is a phenomenon with negative externality — a shipping line that adds more operations
at a port will not bear all the congestion cost — intuition tells that a liner will only care about the
congestion cost that falls onto its own operation, while ignoring the costs imposed on other liners.
Consequently, if the liner has a significant presence at a port, it might have a strong incentive to
eliminate or alleviate the port congestion. From a policy-making perspective, there are also various
side benefits to enhance our understanding of port congestion, such as port competition for
container transshipments (e.g., Bae et al. 2013) and a more efficient scheme for emission reduction
in international shipping which is important for not only the environment per se but also many
other aspects of the world economy (Luo, 2013; Luo and Yip, 2013).

In this paper, we develop a theoretical model to analyze the congestion internalization of the
shipping lines, taking into account the knock-on effect. We find that with the presence of the
knock-on effect, liners will operate less in terminals, and an increase of a liner’s operation at one
terminal will reduce its operation at the other. If the liners are involved in a Stackelberg
competition, whether they operate more or less at a terminal depends on the comparison between
the marginal congestion costs of terminals under consideration. We consider three different

! To illustrate, consider the following example. In recent years foggy (and smog) days are getting more frequent in
Northern China, and the resulting sight limitation delays the ships’ docking/departing at Port of Tianjin. This causes
a chain reaction of delays at the next stop (port) as well as the following ports, the so-called knock-on effect.



scenarios for both the terminal charges and the terminal capacity investments: a social welfare-
maximizing terminal operator, a coordinated profit-maximizing terminal operator, and an
independent profit-maximizing terminal operator.?We find that the coordinated profit-maximizing
terminal charges are higher than both the socially optimal terminal charges and the independent
profit-maximizing terminal charges. When the knock-on effect is small, the independent profit-
maximizing terminal charges are set at higher levels than the socially optimal terminal charges;
but when the knock-on effect is sufficiently large, this relationship may reverse. Besides, the
capacity investment rules are the same for the welfare-maximizing and coordinated profit-
maximizing cases, while independent profit-maximizing terminal operators invest less in capacity.
The stronger the knock-on effect is, the larger this difference would be.

Our results not only suggest the existence of terminal congestion internalization, but also deliver
important policy implications. In particular, when comparing the two scenarios of profit-
maximizing terminal operators, our results shows that separate ownership is likely to induce better
outcome regarding terminal charge, while common ownership is more socially beneficial
regarding terminal capacity investment (for given traffic levels).® It should be noted that we do not
explicitly take into account other policy tools that terminal operators can use to counteract
congestion, such as slot reallocation (Lu and Mu, 2016).

According to the air transport literature (e.g., Daniel, 1995; Brueckner, 2002), extra traffic
created by a particular user of a transport infrastructure will have a negative externality on the
other users by increasing the overall congestion level.* In road transport where users are all
atomistic, they will not have incentives to take into account this externality in their driving decision.
However, at an airport where infrastructure users (airlines) usually operate more than one flight, a
proportion of the externality corresponding to their market shares will be taken into consideration
in their decision of how many flights to be operated at the airport, and as a consequence airlines
with market power tend to operate fewer flights. In other words, these airlines “internalize” some
of the congestion externality. Maritime industry resembles the aviation industry in that the
infrastructure users (shipping lines) also have market power. In fact, at the global liner industry
level, the market is even much more concentrated than the aviation market, dominated by a handful
of big players (e.g., Stopford, 2009). One feature that nevertheless distinguishes the maritime
industry with the aviation industry regarding infrastructure congestion is the so-called ‘“knock-on”
effect, i.e., the congestion delay can be passed on from one port-of-call to the next port-of-call.
Industry analysis has shown that stopping at the congested Los Angeles-Long Beach port complex
in October made container ships an average of 3.4 days late at the next port of call, even in the
case when a vessel arrived on time at Los Angeles-Long Beach (JOC, 2014b). This phenomenon
may introduce some new insights regarding the congestion internalization of shipping lines, since
it links up separate terminals and forces the liners to strategize over a network instead a single

2 A third relationship between ports is of competition, that is, a shipping line may have to choose one of the ports
(rather than use the ports in the sequential fashion as considered here); see, among others, Anderson et al. (2008),
Zhang (2009), Wan and Zhang (2013), Wan et al. (2013). The competitive aspect has been abstracted away from the
analysis of this paper; incorporating it in a more complete treatment of the problem would be an interesting area for
future research.

3 See a recent paper (del Saz-Salazar and Garcia-Menéndez, 2016) for an interesting (although less relevant to our
paper) discussion about the negative externalities on local residents brought by port capacity expansion.

4 See Zhang and Czerny (2012) and Basso and Zhang (2007) for recent surveys of these and other studies. For early
studies on airport congestion pricing and capacity with atomistic carriers, see, e.g., Levine (1969), Carlin and Park
(1970), and Morrison (1983).



infrastructure.® In addition, we shall examine the shipping lines’ traffic decisions under both the
Cournot setting (where the liners make their quantity decisions simultaneously) and the
Stackelberg setting with a leader and a follower.®

The paper is organized as follows. Section 2 sets up the basic model. Section 3 analyzes the
shipping lines’ traffic decisions under both the Cournot and Stackelberg settings. Section 4 studies
the terminal charge decision with the objectives being global optimum as well as profit
maximization. Section 5 discusses the optimal terminal capacity levels under these different
objectives. Section 6 contains discussion and concluding remarks.

2. Model

We consider two shipping lines 1 and 2 that serve two ports of call A and B consecutively, which
is a stylized case for more general setting of multiple liners and multiple port terminals. The
operations (loading and unloading) in the two port terminals are totally independent from each
other and connected to a third port terminal. We assume that the congestion in one of the two port
terminals under study has an impact on the operations in another through liners that serve them
consecutively due to the “knock-on” effect (Drewry, 2006). In particular, we assume that a
proportion, denoted as &, of the congestion delay will be transferred between these two terminals.
When the congestion in one of the port terminals causes a ship of a liner to delay, it can (partially)
offset the delay by speeding up on the way to the next port terminal. In this case, the knock-on cost
consists of two components: the part of delay that is not offset, and the extra cost of speeding up.
Therefore, it is reasonable to assume that the knock-on cost is in proportion to the original
congestion cost, and this proportion (&) depends on factors such as the distance between the two
terminals, given that the farther away the two terminals from each other, the more easily the ship
can offset the delay with a reasonable level of cost. The third port, which is the origin/destination
for all the containers unloaded/loaded in both ports A and B, is farther away with no knock-on
effect, and thus essentially excluded from our analysis.

Following Brueckner and Van Dender (2008), we further assume that shippers are willing to
pay a fixed “full price” p* for travel in and out of the congested terminal k, reflecting a horizontal
demand curve. This assumption is in place to suppress the market-power component so to maintain
the simplest possible focus on the congestion phenomenon. Relaxing this assumption will not
change the analysis of congestion, as shown by the literature (see Brueckner and Van Dender

5 Strictly speaking, knock-on effect also exists in the aviation industry in that a delayed flight will usually disrupt the
schedule of a busy airport. However, this effect is much milder compared with the maritime sector due to the fact that
buffer time between flights are usually longer, and other factors like airport curfew can help to eliminate it at the end
of the day.

& While Brueckner (2002) demonstrates the internalization idea in a Cournot setting clearly, Daniel (1995) shows, in
a Stackelberg setting, that the dominant carrier (leader) may not internalize the self-imposed congestion. Daniel argued
that flight cutbacks by a dominant airline aimed at reducing congestion will be offset by the response of fringe carriers,
who will schedule more flights so as to leave overall congestion unchanged. As a consequence, the dominant carrier
will forego such flight cutbacks, in effect acting atomistically. He showed that the intraday flight patterns at the
Minneapolis-St. Paul airport exhibit too much inter temporal peaking to be consistent with internalization by the
dominant carrier (Northwest Airlines), and that an atomistic model fits the data better. Daniel and Harback (2008)
provided more extensive evidence of this type for a larger number of US airports, while also offering a clearer
exposition of model underlying the exercise. Brueckner and VVan Dender (2008) constructed a model that attempts to
capture the important elements of both the Cournot and Stackelberg settings.



(2008) for a detailed discussion). Since shippers dislike terminal congestion, which imposes
additional time costs, the actual fare that the shipping lines charge must be discounted below this
full price. We use I* to denote the capacity level of terminal k.

Let g¥denote the operation volumes for liner i (i=1,2) at terminal k (k=A, B), and let t*(Q¥, ),
where Q¥ = ¥;_, , q¥ denote the extra time cost per unit of operation volume due to congestion
and the resulting delays, a cost that depends on total operations at the congested terminal. While
congestion cost is zero when total operations are low, the function eventually becomes positive,
with £k /aQk > 0, at*/al* < 0, 9%t¥/aQk* >0, 92tk/aIx* > 0 and 9%t¥/aQ*aI* < 0 holding
over the positive range (so that the marginal congestion cost is constant or rising in operation
volumes). With our horizontal full price assumption, all the cost of the shippers will be passed on
to the liners, so the liners are able to charge a fare equal to p* — t*(Q*, 1*) — 5t'(Q%,1") at terminal
k.

In the absence of congestion, liner i incurs a cost per unit of z¥ at terminal k. However, terminal
congestion raises operating costs, adding an extra cost of g*(Q*,1¥) for each unit of operation at
terminal k. Like t¥(-), the function g satisfies g* > 0, dg*/aQ* > 0, dg*/aI* < 0, 92g* /aQK* > 0,
a2gk/a1** > 0 and 92g*/dQ*aI* < 0 when g is positive (g is zero when Q¥ is small).

Combining the above information, liner profits can be written as:
;= Z [p* — 4(Q%, 1%) = 6t (Q% 1Y) — i — i — g*(Q*.1¥) = 84" (Q". 1)]ar’ (1)

k=A,B
where [ = A, B and [ # k. u¥ is the unit charge of port terminal k operator on liner i. Throughout
the paper we assume that the port terminal operators are able to price differentiate the liners. It can
be shown that under uniform terminal charges, most of the qualitative results will be preserved.

Equation (1) can be rewritten as:

mi= Y [p* =k -k = (05 1%) - 8¢ (@' 1]k @
k=A,B

where ck(Q¥, 1) = t*(Q%, 1*) + g*(Q", I¥).

The operator of terminal k incurs a unit cost of T*. Meanwhile, the terminal capacity level I* is
a long-term decision variable of the port authorities with a cost c*(1*). We follow Zhang and
Zhang (2006) to assume that the capacity cost function adopts a linear form, i.e., C*(1¥) = r1* with
r > 0. The objective function of the terminal operators varies depending on the context. In the
following analysis we’ll consider three scenarios: global optimum, coordinated profit maximizing,
as well as independent profit maximizing decisions. For the global optimum, the decision maker
of the port charges and the port capacity levels is a global welfare maximizer and takes into account
the profits of both liners since consumer surplus has been assumed away. And the objective
function in this case is:

W= > Y [pk - = TE - ck(Qk 1¥) - sel(Qh D]ak = ). ¢ (1¥)
k=AB i=1,2 k=A,B (3)
In the case of coordinated profit maximizing, the terminal operators only care about their own
profits, but they act as a single agent. In reality, this is the case for a private port operator with



multiple port terminals under control, such as Hutchison Port Holdings, PSA International, DP
World and Modern Terminals Limited. In theory, this situation acts as a useful intermediate case
between the global optimum and the independent profit maximizing port authorities. Homsombat
et al. (2013) show that port coordination is beneficial for pollution control. Zhuang et al. (2014)
suggest, among other things, that port coordination can help to facilitate port specialization and
avoid overinvestment. In this case, the objective function is:

M=) > =Tk~ ) (")

k=ABi=1,2 k=A,B 4

For most of the time the two terminals are not coordinating with each other, so we also consider
the independent profit maximizing case, in which the objective function is:

mk = z (=Tl = c*(1%)
£ (®)
1=1,2
We’ll get back to these different scenarios in Sections 4 and 5 when terminal decisions are analyzed.
But in the next section let’s first focus on the liners.

3. Liner Traffic under Cournot and Stackelberg Models

In the next two sections, we will focus on analyzing the equilibrium traffic volumes of liners at
each terminal, as well as the terminal charge decisions, assuming that the terminal capacities are
given. In other words, I¥ is suppressed in the function c(Q*, 1%). And for simplicity, we use c*'to
denote ac*/aQ¥. Only in Section 5 we’ll discuss the impacts of terminal capacity as well as the
terminal authorities’ capacity decisions.

3.1 Cournot competition
Let’s first look at the case where the two liners play a Cournot game in both port terminals. From
equation (2), the first order condition of liner i’s operation in terminal k is given by:

Pt —tf —uf — ¢k = 8ct = cM(qf + 8gh) = 0 ©)
The counterpart in terminal I is:
pl =1} — b —ct = 8c* — cV'(ql + 6qf) = 0 (")
We assume that the second order conditions also hold:
—2cK — ck”(qll‘ + 5qf) <0 (8)
k' K[k l [ L k 20,0 | k2 9)
[20 +c (qi +5qi)][26 +c (%"‘5%)]_5 (c +c ) >0

We need to make sense of all the components of equations (6) and (7). The first component is the
full price, which is the benefit of one extra unit of operation for the liner; the next four components
are the cost of this extra unit of operations; the last term measures a proportion of the marginal
congestion cost induced by an extra unit of terminal operation. In other words, the last term
captures the “internalization” of congestion by the liners, which is the focus of this paper. From
equations (6) and (7) we can see that the larger the operations of a liner in a port terminal, the more
congestion it internalizes, a finding well identified by the aviation literature. What distinguishes



this term from the corresponding part in literature is that due to the knock-on effect, a part of the
congestion occurring in the other terminal will also be internalized. In particular, when the two
liners are asymmetric, i.e., g¥ # g% inequilibrium (which is common in the liner shipping industry,
see Fan and Luo (2013) for an analysis behind liners’ capacity decisions), things become more
interesting. In this case, it is possible that even if a liner’s operations in a particular terminal is not
substantial, as long as it has substantial operations in the other terminal and the knock-on effect
between these two terminals is significant, the internalization of congestion of the liner in that
particular port terminal will still be large. Industry anecdotes seem to verify this result. Consider
the example mentioned earlier, due to more frequent foggy days in Northern China, sight limitation
has delayed the ships at Port of Tianjin. Some of the ships may have to skip Tianjin (an extreme
case of congestion internalization in which the operation is reduced to zero) and go directly to the
next stop, Shanghai, and unload Tianjin cargo there instead, because Shanghai is simply too
important to be missed. In this case, the liners cut down their operations at Tianjin to avoid the
knock-on effect at Shanghai.

Proposition 1: The liners will operate less in terminals with the presence of the knock-on effect.
Besides, an increase of a liner’s operation in one terminal will decrease its operation in the other.

Proof:
Equation (6) can be transformed into:
p* —tf —uf —cF =gl =8(c' +cab)
Since ¢! + c¥'q} > 0, we can tell that the equilibrium g¥ is smaller when 6 > 0 compared
with the case when § = 0.
Besides, since c*’ > 0, the larger ¢/, the larger ¢! + c¥ g, and at equilibrium ¢! will exert a
downward pressure to g¥.
Q.E.D

For further analysis, we need to have the comparative statics of port charge p¥. Totally
differentiating equations (6) and (7) with respect to u¥ yields to:

aqf . 0g
q;(+6(cl +ck) i

! n a k ! n
1 [2¢ 4 (g + Sal)] 3 e+ [+ ¢ af + 5

ou o ou 10)
! aCI
24
+ 6c 6#5‘ 0
! 12 aqk ! " aqk ! ! aql
2ck k7 ( gk A s k k(K L L l k" Y
[2¢¥ + ¢ (qf + 64))] 6u{‘+[c +c*(qf +69})] 6,u£‘+6(c +c )aﬂf a
, dq}
+ 6¢ct q;{ =0
ou;
’ " aql ’ " aql ’ ’ aqk ’ aqk
l l l k i l 1"l k J l k i k'
[20 +c (ql+6ql )]au{<+[c +c (ql+6ql )]0uf+6(c +c )aﬂf-l_& ('),uf (12)

=0



’ " aql ’ 7 6ql ’ ’ aqk ,aqk
2ct +ct (¢t + 8qF — [+t qt + 6q* L4 5(ct 4 )L 4 5 2
=0
Solving the above equation system assuming ¢ = ¢!’ = 0, we can obtain:
2 (k% 7 k'l Kl
aqf‘:_ 5(0 +c° + 4c c)—6c c (14)
ou ck'(1 - 62)[62(20k'2 +2c" + 5ck’cl’y — 9ck'cl']
2 2 rogr rogr
aqf _ 52 (ck +cb + ket ) —3ck ¢! (15)
ouf ck'(1- 62)[52(20"'2 + 2" + 5ck'cl"y —9ck’cl']
/2 2 g 2 gl
dqt 5[6% (ch +ct 4+ 3ck ¢t ) —ck —5ck ] (16)
ouf ¢k (1 - 52) [62 (ZC"'2 +2¢ + 5Ck’Cl’) - 9c"'cl']
2 rogr 2 rogr
aq’ B 5[6% (cl + 2ckct ) +ck —ack et 17)

ouf - ck'(1-62) [62 (ZC"'2 +2¢" + SCk'cl') - 9c"'cl']

When § = 0 and ¢*" = ¢!, from equations (14)-(17) we can easily show that aq*/ au¥ <0,
dqf/ ouf >0, dq'/ ouf > 0 and g}/ duf < 0. The first two are expected, since an increase of
terminal charge on a liner will naturally decrease the liner’s own traffic and increase the traffic of
its competitor in this terminal. The last two are more interesting, as they tell that the increase of
the charge on a liner in one terminal will increase this liner’s traffic but decrease the traffic of its
competitor in the other terminal. Note that when 6 = 0, aq}/0uf = dq}/ouf = 0, suggesting that
this connection between the two terminals is from the knock-on effect. This is because a decrease
of traffic in one terminal will decrease the congestion knock-on impact on the other terminal hence
increasing its traffic there. This increase will also have a secondary impact on the other liner’s
operations in this other terminal. Summing up equations (14) and (15), as well as (16) and (17),
we have:

0Q* 3¢V 18)
ouf &2 (ZC"'2 +2cl” & 5ck'cl') —9ck'cl’
20" §2ck + ¢! (19)

6;1%‘ 62 (ZC"'2 +2c” 4+ SC"'CV) —9ck'cl!

We can show that dQ*/auk < 0 and 2Q!/auk >0 when 6 = 0 and c¥’ = ¢!, suggesting a
negative overall impact of a terminal charge increase on the operations in this terminal and a
positive overall impact on the operations in the other terminal. Besides, we have a2Q* /au¥as < 0
while 92Q'/0ukas > 0. It means that the larger the knock-on effect, the larger the impact of
terminal charge change on the port traffic. This is because the larger the knock-on effect, the more
closely the two terminals are connected with each other, and the more traffic will be allocated
away from a terminal with increasing terminal charge to the other terminal.

3.2 Stackelberg competition



Sometimes liners operating in the same terminal may have different market status. For example,

Maersk Line is the dominant player in Algeciras, Tanjung Pelepas and Salalah (Notteboom, 2011).

In this case, a Cournot fashion game might not be appropriate. To make sure whether the game

structure will have an impact on the results we have obtained so far, let’s now consider two liners
playing a Stackelberg game instead. We denote the leader as liner 1 and the follower as liner 2.

Liner 2 chooses g% and ¢}, while observing qf and q!, satisfying the conditions:

p* — ok — pk — ¢k — 8! — ¥ (qf +5) = 0 (20)

pl—7h— b —ct = 5ck — ¥ (g + 8¥) = 0 1)
In order to analyze the leader’s behavior, we need to find the response of g% and ¢} to a change

in g¥ and q!. Therefore, the equations (20) and (21) are totaIIy differentiated with ¢¥, yielding:
l

[ck + k" (q% +6q2)]+[26 + k" (q% +5q2)] +6( U+ "") —0 (22)
ar
’ ! 4 aqg
sck’ + [2¢! +ct (g5 + 8q% )]—+6( Ptcdy—=0 (23)
aq, aq;

Solving equations (22) and (23) simultaneously, we have
5(]5‘ KKy — K3K;

=— 24
a(ﬁ KKy — KSZ (24)
afé K>K3 — K1 K
a k == 2 (25)
a1 K2K4 - K;s
where K, = c¥' + c" (qz +8qL), Ky =2c +c*(qk +8q) , K3 =68cK | Ky =2c" + V(g +

8q%) and K5 = S + M.
Second order condition requires that K, K, — Ks* > 0. The full expressions of equations (24) and
(25) are rather complex, but interesting observations are embedded. In particular, if we consider
the case when c¥” = ¢! = 0, equations (24) and (25) becomes:
6q§_ 2k el — 82K (¢t + cX)
dqk 4ck' ¢V — §2(cl + k2

(26)

aqs sck (e =ty
agk  4ck et — 82(cV + ck')?
When knock-on effect is not an issue, i.e., § =0, or when the two terminals are equally
congestible, i.e., ¢!’ = c*', we have agk/aq* = —1/2 as well as dqL/aqk = 0. In fact, this is the
same as equation (9) in Brueckner and Van Dender (2008) when the second-order effect of
congestion is out of the picture. In other words, the benchmark situation is that the follower liner
will offset the increase of the leader liner’s operation in a particular terminal by decreasing its own
operation in that terminal by half of the amount; meanwhile, the increase of the leader liner’s
operation in one terminal will not affect the follower liner’s operation in the other terminal.
However, when § = 0and ¢!’ # c*’, we can see that aq% /aq¥ > —1/2 and aq}/dq* < 0 if and
only if ¢" < c*'. In other words, when the marginal congestion cost of one terminal is higher than
that of the other, the decrease of the follower liner’s operation in response to the increase of the
leader liner’s operation in this particular terminal is less than the benchmark level. Meanwhile, the

(27)

9



increase of the leader liner’s operation in this terminal can also force the follower liner to decrease
its operations in the other terminal. This means that with the knock-on effect, when the two
terminals become a system, the negative impacts of the leader liner’s traffic change in the more
congested terminal on the follower liner’s traffic change is weaker in the terminal with higher
marginal congestion cost but stronger in the terminal with lower marginal congestion cost. This
effect is more significant when the knock-on effect is stronger. This result has practical importance
since there are many factors that can affect the congestion function of a terminal. Other than the
capacity level and technology, different policies adopted by the terminal operators can also play
an important role. For example, different terminals have different caps of capacity usage. For those
which keep the cap well below 100% of the maximum operating capacity, the congestion will not
go up as fast as those which allow the cap to be very close to the 100% level.

Lemma 1: With the presence of the knock-on effect, when the leader liner increases its traffic in
the terminal with higher (lower) marginal congestion cost, the follower liner will decrease its
traffic in that terminal by less (more) than half of that amount and decrease (increase) its traffic
in the other terminal.

Proof:
From equations (26) and (27), we can see that when ¢!’ < ¢,
aqk 2k el — 82cK (et + cF) 1
aqk ~ _Z[ZCk'cl' — 82K (e + k)] T2
%
dqf
On the other hand, when ¢!’ > ¢¥',
aqk 2k el — 82cK (et + X 1
aqk < _Z[ZCk'cl' — 82K (¢ + k)] T2
9
dqf

Q.E.D

Lemma 1 is very interesting, since the results are not only driven by the knock-on effect, but
also by the inequality in the congestion situation of the two terminals linked by the knock-on effect.
When the leader liner increases its traffic in the less congested terminal, the follower liner will
respond by decreasing its traffic in this terminal more than the benchmark level to mitigate the
knock-on congestion cost to the more congested terminal. Moreover, the follower will also
increase its traffic in the more congested terminal since the knock-on congestion to the less
congested terminal is less significant.

Knowing the response of liner 2 to its choice, liner 1 maximizes its profit, and the first-order
condition with respect to g¥ is:

’ aqk ’ aql
pF — 1k —uk — c* — §ct - c* <1 +—i> (qf +68q) — —i(qi +6gF)=0 (28)
dq; dq;

while the second-order conditions are also assumed to hold. The strategic effect between the two

liners is captured by the last two terms of equation (28). When ¢!’ = ¢*’, we have the benchmark
case where daqk/aqk = —1/2 while dq/dq¥ =0, and these two terms go towards different
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directions when ¢!’ # ¢’

Proposition 2: With the presence of the knock-on effect, a Stackelberg leader liner will decrease
its operations in the terminal with lower marginal congestion cost, but may either increase or
decrease its operations in the terminal with higher marginal congestion cost.

Proof:
Equation (28) can be rewritten as

1 dq aqs
p* — o — uf — ck - 8¢t __Ck(ql +68q1) = c* <§ aq)(q1+6q1)+c aqi(qﬁ&zi‘)
1

When & = 0, the right-hand-side of the equation is equal to 0.
Substituting equations (26) and (27) into the above equation, we have

1 .,
p* —f —puf —c* 6Cl_ick (Qf'*'&li)
K’ 1",k v K’ 141

_ k! (e — Cl,)c?(c —c )q,l ,— [2¢h — ’52(c ’ ;I—c N4t
2[4ck ¢V — §2(ck — V)]
When ¢!’ = ¢, the RHS is 0; while when ¢!" > ¢*', the RHS is positive since ¢*' — ¢!’ < 0
as well as —[2c" 62(c +c")] < 0. Thus, the equilibrium ¢ decreases as ¢!’ exceeds c*
However, when ¢!’ < ¢, the RHS is ambiguous as the sign of —[2¢" — 82(c¥" + ¢ )] is

- f_— - . 4
ambiguous and hence the equilibrium g% may increase or decreases as c¥* exceeds c*'.
Q.ED

Proposition 2 is closely related to Lemma 1. From Lemma 1 we can see that no matter in which
terminal the leader liner increases traffic, the follower liner will respond less aggressively in the
terminal with lower marginal congestion cost and more aggressively in the terminal with higher
marginal congestion cost. Therefore, it would be sensible for the leader liner to operate less in the
terminal with lower marginal congestion cost to induce traffic cut by the follower in the more
congested terminal and gain an overall benefit by reducing congestion significantly without losing
too much market share. However, in the terminal with higher marginal congestion cost, this
tradeoff is not as clear, since if the leader decreases its traffic, the follower’s traffic decrease is less
than the benchmark case so may not be large enough to compensate the leader for the increase of
congestion in the less congested terminal and its lost market share in both terminals, leaving the
result ambiguous.

From this section we can see that a Stackelberg setting is different from a Cournot setting only
in that the two liners will have different levels of operations, but the general rules pointed out by
Proposition 1 still hold. In fact we can show:

1 ! 1 ! ! a
P —f —uf —c* =S c¥qf = 6ct + 5K aqt + c* (2 70 )(q1+6q1)+0 —= (g} + 8qF)

82K (k' — cl')zq{‘ N 8ck (1= 6228 (X + Mgl
2[4ck ¢V — 82(c + ck')z] 2[4ck ¢t — 82(c + ck')z]

which is always positive when § > 0 and RHS increases as ¢! increases. We can obtain something
similar for the follower. In other words, Proposition 1 also holds with Stackelberg setting.

=6ct +
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Therefore, for analytical simplicity, in the next section we’ll only discuss the Cournot setting,
with extension to Stackelberg setting easily to obtain.

4. Terminal Charges

4.1 Global optimum
Now let’s look at the first best traffic. From equation (3), the first-order-condition of g* for port k
is:

pk — ol — Tk — ¢k — 5t — k' (QF + 5Q1) =0 (29)

It is easy to see that the differences between equations (6) and (29) are in the third terms and
the last terms. The difference in the third terms is simply due to the different port usage costs faced
by the terminal and the liners. The point of interest lies in the last terms. In equation (29), for social
optimum, all congestion externality, within a terminal and across terminals, are required to be
internalized. While in equation (6), for profit maximization, a liner will only consider the
externality on its own operations. When t5°s are not identical for liners, the traffic levels of the
two liners in the two terminals will not be identical. A few interesting observations can thus be
drawn.

If the two liners are not symmetric, then a single port charge cannot induce social optimum.
The social optimum inducing port charge needs to be discriminative:

l
pk =Tk 4+ ck'q}‘ + 5ck'q} =Tk + ¢k’ (Q* + 50Y (1 — —Z’}tﬁg‘z) (30)

From equation (30) we can see that with the knock-on effect, the socially optimal terminal
charge on a liner depends on not only its traffic in this terminal, but also its traffic in the other
terminal. The larger the knock-on effect, the higher the socially optimal terminal charges.
Apparently, when we compare the internalization of the two liners in terminal k, we need to know
not only their traffic in this particular terminal, but also their traffic in the other terminal, as well
as the influence of the knock-on effect on both liners.

A crucial policy implication is embedded. The fact that a liner has a relatively low operation
level than the other liner in a terminal doesn’t necessarily mean the liner should be charged a higher
congestion cost. As long as it has a high level of operation in the other terminal, and the knock-on
effect for the liner is significant, it still has a very strong incentive to internalize the congestion to
a large extent.

4.2 Profit-maximizing terminals

Next let’s have a look at the case when the terminal operators are mere profit maximizers. There
are two different scenarios in this case. First, the two terminals are under the same profit-
maximizing agent and thus coordinated. Second, the two terminals operate independently from
each other.

4.2.1 Coordinated terminal operator

From equation (4), the first order conditions for x, u¥, uj and 4} are:
- aq” dgt aqt

(=) 3+ (6 =T+ (W =TS+ (=T p+ab =0 @D
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dql dqf dq; 94 £16)

k) ZA e ey 20 ey 29E ey 2y ok

(uf =) g+ O =) 5+ G T)auf+(/1, Mgerad=o @
aql‘ aqk aql

k _ 1k l k _ 1k J l_ T! J I _ 33

A MR- D=0 (@

k l )
(e~ 74 20 HJTﬂW+U—maﬁ(ﬁﬂ)51:0 (855
]
Substituting equations (14)-(17), as well as their counterparts for [, into equations (31)-(34), we
can obtain:

uk =T* 4+ (2qF + g¥) +6(c¥ Q1+ cV'gh (35)
u}‘sz+ck'(2qj +qf) +6(ck QL+t qj) (36)
pt=TH+ !’ (24} + q]) +68(ch QF + ck'q{‘) (37)

(38)

pi=T + v (24} +q{) + &(c* "ok + ck'q}‘)

When we compare equations (30) and (35), we can clearly find that the coordinated profit
maximizing terminal operator charges a higher price than the socially optimal level. This is
consistent with literature (e.g., Zhang and Zhang, 2006). The most interesting observation from
this comparison is that the larger the knock-on effect, the larger the charge difference. A
coordinated profit maximizing charge is higher than a welfare maximizing charge, because a big
part of the benefit from lowering the terminal charge hence increasing traffic will be grabbed by
the liners, while the increased terminal congestion cost will affect the terminal operators’ ability
to extract profit as the amount that shippers are willing to pay the liners for the shipping services
reduces. The larger the knock-on effect, the larger the congestion cost in a particular terminal, and
the less traffic the terminal operator find it optimal to have.
4.2.2 Independent terminal operators.
From equation (5), the first order conditions for uf and y}‘ are:

gk aqf
(=) 3+ (W =) 5 e+ al =0 (39)
i 4
gk dgk
(u¥ Tk) _|_( K Tk)a_:i:-‘-l_q}(:o (40)
J

Substituting equations (14) and (15), as well as their counterparts for [, into equations (39) and
(40), we can obtain:

, 82[ck' ¢t (4qk + q) + vy ek Q¥

Mi‘ — Tk + Ck (qu + qj) t ;Cl’ ( ) (41)
) 82[c ¢ (4¢F + qk) + R Q¥

W =TF+ ¥ (2qf + qf) - a 3) ( ) (+2)

Contradictory to what we have seen in Section 4.2.1, the larger &, the smaller x4 and ¥ will be.
This is because the stronger the knock-on effect, the more conservative the liners will be regarding
their traffic under any particular terminal charge. Therefore, to induce the optimal traffic level, the
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independent terminal operators need to set its charge at a lower level when the knock-on effect is
stronger.

If we compare equations and (35) and (41), we can easily see that when & = 0, the coordinated
charges are equal to the independent charges, because without the knock-on effect, the connection
between the two terminals is gone and the two scenarios are equivalent to each other. When § + 0,
the coordinated operator charges a higher fee to the liners, since the first two components are the
same while the third component is positive for coordinated operator and negative for independent
operators. This is because the coordinated decision maker will take into account the negative
congestion externality that the cargos handled in terminal k exert on cargos handled in terminal |
through the knock-on effect, hence it has a stronger incentive to discourage too much traffic in
both terminals when compared with the independent decision makers.

By comparing the three charging rules analyzed above, we can derive the following proposition.

Proposition 3: The coordinated profit-maximizing terminal charges are higher than both the
socially optimal terminal charges and the independent profit-maximizing terminal charges. When
the knock-on effect is small, the independent profit-maximizing terminal charges are set at higher
levels than the global optimum terminal charges; but when the knock-on effect is sufficiently large,
this relationship may reverse.

Proof:
Comparing equation (35) with equations (30) and (41) respectively, we have

T* + c¥' (2qF + qy) + S(c¥'Q +cl'ql) > Tk + ck’q}c | SCk’qj-
as well as
Tk + ck'(qu‘ + qf) + 5(Ck’Ql + cl'qf)
52[ck'cl'(4q{‘ + q;‘) + (cl'2 + cklz) Q"]
3ct
Comparing equations (30) and (41), the result is ambiguous, depending on the value of §.
On the one hand, T* + c*'q¥ + 8c¥'q} increases in 6. On the other hand, T + c*'(2qF +

qf) — 6 [C"'cl'(4qf‘ +qf) + (cl'2 + c"'z) Q"] /3c! decreases in 6.
When § = 0,

> Tk + ¢ (2% +q¥) —

52 [c"'cl'(élq{c +qf) + (cl/2 + ck'Z) Q"]

T* + c¥' (2qF + q¥) - > Tk + gk + 8K gt

3¢V
But the difference decreases with 6 and the relationship may reverse when § is sufficiently
large.
Q.ED

Proposition 3 has important policy implications. In particular, with the presence of knock-on
effect, it is very likely that independent profit-maximizing terminal operators set terminal charges
that are closer to the socially optimum levels than the coordinated profit-maximizing terminal
operator. In this case, if public ownership is not a viable option, it will probably be beneficial to
hand over terminals to different operators instead of one single company even if the terminals are
not substitutes and hence there is no anti-competitive issue. Under some constellations, it is not
even necessary to use policy tools to enforce socially optimal terminal charge, since the
independent profit-maximizing charges might be very close to the global optimum.
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5. Terminal Capacity
Now let’s consider the terminal operators’ decisions regarding terminal capacity. In this case, we
need to consider c* in its complete form as c¢*(Q¥,1¥). Accordingly, we need to use the notation

dck /aQk instead of c*’ as in Sections 3 and 4. Equations (6) and (7) thus become:

ack )
pk_TLk_.ul_C — ¢t _a_Qk(ql-l_(sql)_O (6)
()

ac
pl—ff—ui—cl—&"— (ql+5q )=0

5.1 Comparative statics of liner traffic
First we’ll study the impacts of capacity change on a port terminal. We totally differentiate
equations (6°) and (7°) with I*, yielding:

k k k l ak al
ge” ack<26ql 520 ) AP LGNGL L N (43)

E a0\ “are T Tk ) T O a1k+a7
ack ack aqf aq, act (_aqf _dqf 0q; (44)
Ol + 50% Gre Tl t an( PR azk) 0
a k9 ] aqt o act aq! aq!
c ck 5 CI; + q]i"' qzlc Cl( q}i CI; —0 (45)
aQ al ark = al Q ark - al
6 k 6 k aqk 6 6 6 gk  aq!
an aIk TG an 2ot Ogk aIk
Solving the equatlon system s1mu1taneously, we’ll have:
ack 2 dc
aqf 9qf e 13 an -6 (an + 2a_Ql)] 47)
oIk — oIk gackact s, (ack ock | oct
9 aQk 9 Q! 8 (an + 2 ) (2 aQk + an)
oai _04; _ a?%—ol‘a—ak) )
oIk~ aIk  goackact o, ack acl
9 aQk aq! -8 (an + 2 ) (2 aQk + an)

When acl/aQ! = ac*/0Qk, we can show that aq{‘*/alk = dqy/o1* > 0 as well as dq;/oI* =
aq}/alk = 0. The first part is straightforward, as the increase of terminal capacity naturally leads

to the increase of traffic. The second part is more interesting, as it tells that even with the existence
of knock-on effect, i.e., § # 0, the capacity decision of a terminal has no effect on the traffic level
of the other terminal as long as they share the same marginal cost of congestion.

5.2 Global optimum
Differentiating equation (3) with respect to I* and applying Crammer’s rule, the first-order-
condition that characterizes the optimal port terminal capacity decision is given by:

S (0" +50) =7 (49)
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From equation (49) we can see that the larger &, the larger the LHS. Since r > 0 and (92c"”/(91""2 <
0, we can conclude that the larger &, the larger the socially optimal terminal capacity level. This is
intuitive, since a global welfare maximizer cares not only the congestion level of one port but also
its externality on the other port. Therefore, the larger the knock-on effect, the higher the incentive
of the decision maker to decrease the congestion in a particular terminal through more investment
in terminal capacity.

5.3 Profit-maximizing terminals
5.3.1 Coordinated terminal operator.
Differentiating equation (4) with respect to I*, we have:
(nul Tk)a]k+( i Tk)alk+( [ — )alk-l_('u}_Tl)a_Iljc_r:O (50)
Substituting equations (35)-(38), (47) and (48) into equation (50) and imposing the condition
dct/aQ! = ac*/0Q*, we can obtain:

Ck
_W(Qk + 6Ql) =r (51)

Surprisingly, equations (49) and (51) are exactly the same in forms, which means that the
optimal capacity rules are the same under global optimum and coordinated profit maximizing. In
fact, this is also consistent with literature (e.g., Zhang and Zhang, 2006) when market power is
abstracted away.

5.3.2 Independent terminal operator

Differentiating equation (5) with respect to I*, we obtain:
k

aq5
(ule - T")alk+(]—T")aTi—r=0 (52)
Substituting equations (41), (42), (47) and (48) into equation (52) and imposing the condition
dct/aQ' = ack/aQ*, we will have:

alk Qk(1 §H =r (53)

In rule the LHS of equation (53) is smaller than the LHS of equations (49) and (51). When 6 =
0, the three investment rules are equal to each other; but when & > 0, the independent capacity rule
is smaller than the other two rules. So the independent terminal operators will under-invest.

Proposition 4: The capacity investment rules are the same for welfare-maximizing terminal
operator and coordinated profit-maximizing terminal operator, while independent profit-
maximizing terminal operators invest less in capacity. The larger the knock-on effect, the larger
the difference.

Proof:
Equations (49) and (51) are identical in forms.
Comparing the LHS of equation (49)/(51) with that of equation (53), we have

Q*+8Q' > (1-8%)0Q"
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Since ack/a1* < 0 and 92c*/a1** > 0, we can conclude that the optimal I* in equation (53)
is smaller than that in equation (49)/(51).
When § = 0,

A= Q¥ +65Q'—(1-6%Q%=0
And A increases with §.
QED

Intuitively speaking, independent profit-maximizing terminal operators tend to under-invest in
terminal capacity because they ignore the connection between different terminals. In particular,
they fail to take into account the positive externality of capacity investment, i.e., the decrease in
the congestion cost spilled over to other terminals through knock-on effect.

Proposition 4 is particularly interesting when combined with Proposition 3. Comparing the two
scenarios of profit-maximizing terminal operator, Proposition 3 suggests that separate ownership
is likely to induce better outcome regarding terminal charge, while Proposition 4 hints that
common ownership is more socially beneficial regarding terminal capacity investment (for given
traffic levels). In other words, from the perspective of policy makers, it is not straightforward to
conclude that one scenario is more desirable than the other.

6. Discussion and Concluding Remarks

In this paper we have developed a simple theoretical model to analyze the congestion
internalization of the shipping lines, taking into account the knock-on effect. We found that with
the presence of the knock-on effect, liners will operate less at congested terminals, and an increase
of a liner’s operation in one terminal will decrease its operation in the other. In a Stackelberg
competition, whether the liners operate more or less in a terminal with the presence of the knock-
on effect depends on the comparison between the marginal congestion costs of terminals under
consideration. Furthermore, we found that the coordinated profit-maximizing terminal charges are
higher than both the socially optimal terminal charges and the independent profit-maximizing
terminal charges. Whether the independent profit-maximizing terminal charges are set at higher
levels than the overall optimum terminal charges depends on the magnitude of the knock-on effect.
Besides, the capacity investment rules are the same for the welfare-maximizing terminal operator
and coordinated profit-maximizing terminal operator, while the independent profit-maximizing
terminal operators invest less in capacity. The larger the knock-on effect, the larger the difference.
Important policy implications can be drawn from these results: when comparing the coordinated
as well as independent profit-maximizing terminal operators, our results suggest that separate
ownership is likely to induce a better outcome regarding terminal charges, while common
ownership is more socially beneficial regarding terminal capacity investments (for given traffic
levels).

This paper may serve as the first step in analyzing terminal congestion with the presence of the
knock-on effect. We note that for analytical simplicity, certain assumptions have been made in this
paper. First, we assume that the shipping lines face a horizontal demand curve. This assumption is
in place to remove the impact of market power in pricing, thus limiting the analysis to the impacts
of congestion. It can be removed easily, which will not affect the qualitative results of the paper.
Second, in many parts of the analysis we have ignored the second-order effect of the terminal
congestion. By doing so we reduced the complexity of the analysis significantly. Adding back the
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second-order effect might slightly alter some of the results but the general conclusions should still
hold qualitatively. For example, in a Stackelberg game with the second-order effect of congestion,
the benchmark case for the follower’s best response is slightly different from -1/2, but the knock-
on effect will drive the results away from the benchmark case in exactly the same fashion
irrespective of the exact level of this benchmark.

Another venue of further study is to empirically test whether liners actually do internalize
terminal congestion, and the relationship between this internalization and the knock-on effect.
While internalization of airport congestion has been discussed extensively in the air transport
literature, whether airlines do internalize congestion remains a largely unanswered question due to
conflicting empirical evidence (see Zhang and Czerny (2012) for a recent survey of the literature).
For example, Brueckner (2002) and Mayer and Sinai (2003) offer empirical evidences in support
of the internalization hypothesis, showing that flight delays are lower at highly concentrated
airports, where the dominant carrier is likely to internalize much of the congestion it creates, thus
limiting its extent. On the other hand, Daniel (1995), despite identifying the potential for
congestion in terminalization, argued that an atomistic model, where carriers ignore the congestion
impact of their scheduling decisions, is more empirically relevant. It appears that the port industry
may offer a more natural setting for such an empirical test than the airport industry. As documented
in, among others, Talley (2009) and Ng and Liu (2014), some container lines have their own
dedicated terminals while others use common-use terminals. Based on the theory of self-
internalization, we should find empirically that lines encounter less congestion at the former than
at the latter case (after taking account of the knock-on effect and controlling for traffic volumes
and other factors).

Acknowledgement

We thank Hamed Hasheminia and seminar participants at the Global Port Research Alliance
conference (organized by Department of Logistics and Maritime Studies, Hong Kong Polytechnic
University, May 2015) for helpful comments and suggestions on an earlier version of the paper.
Financial support from the Research Grants Council of Hong Kong (RGC grant no. 25201514)
and the Social Science and Humanities Research Council of Canada (SSHRC) is gratefully
acknowledged.

Disclosure statement
No potential conflict of interest was reported by the authors.

References

Anderson, C. M., Park, Y. A., Chang, Y. T., Yang, C. H., Lee, T. W., Luo, M., 2008. A game-
theoretic analysis of competition among container port hubs: the case of Busan and Shanghai
1. Maritime Policy & Management 35(1), 5-26.

Bae, M.J., Chew, E.P., Lee, L.H., Zhang, A., 2013. Container transshipment and port competition.
Maritime Policy and Management 40, 479-494.

Basso, L.J., Zhang, A., 2007. An interpretative survey of analytical models of airport pricing. in:
Darin Lee (ed.), Advances in Airline Economics, Volume 2, pp. 89-124, Elsevier.

Brueckner, J.K., 2002. Airport congestion when carriers have market power. American Economic
Review 92, 1357-1375.

18



Brueckner, J.K., 2005. Internalization of airport congestion: A network analysis. International
Journal of Industrial Organization 23, 599-614.

Brueckner, J.K., Van Dender, K., 2008. Atomistic congestion tolls at concentrated airports?
Seeking a unified view in the internalization debate. Journal of Urban Economics 64, 288-295.

Carlin, A., Park, R.E., 1970. Marginal cost pricing of airport runway capacity. American Economic
Review, 60, 310-319.

Chung, C.C., Chiang, C.H., 2011. The critical factors: An evaluation of schedule reliability in liner
shipping. International Journal of Operations Research 8, 3-9.

Daniel, J.1., 1995. Congestion pricing and capacity of large hub airports: A bottleneck model with
stochastic queues. Econometrica 63, 327-370.

Daniel, J.I., 2001. Distributional consequences of airport congestion pricing. Journal of Urban
Economics 50, 230-258.

Daniel, J.1., Harback, K.T., 2008. (When) Do hub airlines internalize their self-imposed congestion
delays? Journal of Urban Economics 63, 583-612.

Daniel, J.1., Pahwa, M., 2000. Comparison of three empirical models of airport congestion pricing.
Journal of Urban Economics 47, 1-38.

del Saz-Salazar, S., Garcia-Menéndez, L., 2016. Port expansion and negative externalities: A
willingness to accept approach. Maritime Policy & Management, 43(1), 59-83.

Drewry, 2006. The Drewry container shipper insight — fourth quarter 2006. Drewry Shipping
Consultants: London.

Fan, L., Luo, M., 2013. Analyzing ship investment behaviour in liner shipping. Maritime Policy
& Management 40(6), 511-533.

Homsombat, W., Yip, T. L., Yang, H., Fu, X., 2013. Regional cooperation and management of
port pollution. Maritime Policy & Management 40(5), 451-466.

Journal of Commerce (JOC), 2014a. 13 carriers reinstate congestion surcharges to US West Coast.
25 Nov. 2014. Web. 26 Apr. 2015.

Journal of Commerce (JOC), 2014b. Impact of LA-LB congestion felt more acutely at next port
of call. 12 Dec. 2014. Web. 26 Apr. 2015.

Levine, M.E., 1969. Landing fees and the airport congestion problem. Journal of Law and
Economics 12, 79-108.

Lu, HA., Mu, W.H., 2016. A slot reallocation model for containership schedule adjustment.
Maritime Policy & Management 43(1), 136-157.

Luo, M., 2013. Emission reduction in international shipping - the hidden side effects. Maritime
Policy & Management 40(7), 694-708.

Luo, M., Fan, L., Liu, L., 2009. An econometric analysis for container shipping market. Maritime
Policy & Management 36(6), 507-523.

Luo, M., Yip, T.L., 2013. Ports and the environment. Maritime Policy & Management 40(5), 401-
403.

19



Mayer, C., Sinai, T., 2003. Network effects, congestion externalities, and air traffic delays: Or why
all delays are not evil. American Economic Review 93, 1194-1215.

Morrison, S.A., 1983. Estimation of long-run prices and investment levels for airport runways.
Research in Transportation Economics, 1, 103-130.Notteboom, T.E., 2006. The time factor in
liner shipping services. Maritime Economics & Logistics 8, 19-39.

Notteboom, T.E., 2011. Current Issues in Shipping, Ports and Logistics. ASP/VUBPRESS/UPA.

Ng, A.K.Y., Liu, J.J., 2014.Port-Focal Logistics and Global Supply Chains. Palgrave Macmillan,
New York, NY.

Pels, E., Verhoef, E., 2004. The economics of airport congestion pricing. Journal of Urban
Economics 55, 257-277.

Stopford, M., 2009. Maritime Economics, third ed., Routledge.
Talley, W.K., 2009. Port Economics, Taylor & Francis.

Vernimmen, B., Dullaert, W., Engelen, S., 2007. Schedule unreliability in liner shipping: Origins
and consequences for the hinterland supply chain. Maritime Economics & Logistics 9, 193-
213.Wan, Y., Zhang, A., 2013. Urban road congestion and seaport competition. Journal of
Transport Economics and Policy 47 (1), 55-70.

Wan, Y., Zhang, A., Yuen, A.C.L., 2013. Urban road congestion, capacity expansion and port
competition: Empirical analysis of U.S. container ports. Maritime Policy and Management 40,
417-438.

Zhang, A., 2009. The impact of hinterland access conditions on rivalry between ports,” in: Port
Competition and Hinterland Connections, pp. 129-160, International Transport Forum, OECD,
Paris.

Zhang, A., Czerny, A.l., 2012. Airports and airlines economics and policy: An interpretive review
of recent research. Economics of Transportation 1, 15-34.

Zhang, A., Zhang, Y., 2006. Airport capacity and congestion when carriers have market power.
Journal of Urban Economics 60, 229-247.

Zhuang, W., Luo, M., Fu, X., 2014.A game theory analysis of port specialization - Implications to
the Chinese port industry. Maritime Policy & Management 41(3), 268-287.

20





