% 65 L AFEPMARRS - HRE

EXPLORING THE OPTIMUM COOPERATIVE
RELATIONSHIPS OF PORTS IN DIFFERENT
MOTIVATIONS

Hoshi TAGAWAL, Tomoya KAWASAKI?2 and Shinya HANAOKA3

INon-Member of JSCE, Doctoral Student, Dept. of Transdisciplinary Science and Eng., Tokyo Tech.
(2-12-1, O-okayama, Meguro-ku, Tokyo,152-8550, Japan)
Email:tagawa.h.ab@m.titech.ac.jp
2Member of JSCE, ember of JSCE, Lecturer, Dept. of Systems Innovation, The University of Tokyo.
3Member of JSCE, , Professor, Dept. of Transdisciplinary Science and Eng., Tokyo Tech.

The motivation of port cooperation is divided into two; regional welfare or competition. This study ex-
amines the effectiveness of port cooperation for competition and the difference of optimum cooperation
strategy for each motivation by a game theoretical model. We derive and compare the cooperative effort,
which indicates the willingness to attend the port cooperation as an optimum cooperation to fit each moti-
vation. We find that optimum cooperation levels in cooperation for regional welfare and for competition
are different due to the difference of cooperation effects in each motivation. Cooperation for competition
often requires higher cost reduction to realize high competitiveness with higher cooperation level. On the
other hands, there are several situations where cooperation for regional welfare requires higher cooperation

level than cooperation competition.

Key Words : multiple ports; cooperation; competition; game theorical model

1. INTRODUCTION

Container ports serve as functions for facilitating
the efficient flow of container cargo. The increase of
cargo throughput results in an increase of economic
welfare beyond the container port stakeholders to the
entire port region (Goss 1990 and Notteboom and
Yap 2012). Port management bodies have developed
various port strategies to increase the cargo through-
put. Port cooperation, which is defined as a relation
between two or more parties with compatible or ad-
ditional interests or aims (Donselaar and Kolkman
2010), is considered as one of the effective strategies
to improve their productivity or profitability of ports
(Takebayashi and Hanaoka 2021). Port industry has
experienced a multiplication of port cooperation in
recent years (Notteboom et al. 2018). In the coopera-
tion between Ningbo and Zhoushan ports in China,
for example, port planning and investments and the
management of the port coastline are integrally im-
plemented (Notteboom and Yang 2017). Rotterdam
and Amsterdam ports in Netherlands invest a com-
pany that offers paths of trains between Dutch sea-
ports and the European hinterland (Donselaar and

Kolkman 2010). There are various types of port co-
operation that have different business scope such as
terminal management and hinterland access (Inoue
2018). Optimum port cooperation depends on the sit-
uations surrounding ports such as port congestion
(Takebayashi and Hanaoka 2021) and similarity of
ports (Cui and Notteboom 2018).

For these various cooperation types, the motiva-
tion of the ports is divided into two; regional welfare
or competition. A regional welfare problem is to in-
crease the welfare of common region with coopera-
tive ports with solving common problem such as hin-
terland congestion and duplication in port facility .
As an example, in Dalian and Yingkou ports in China
joint port operation and management are planned to
avoid excessive competition (Wu and Yang 2018). In
regional welfare, port cooperation aims to develop an
efficient port service and build a win-win relationship
as an alternative to competition for the reginal wel-
fare. A competition problem is facing a loss of market
share from neighboring ports because of a strong
competitor. As an example, the Seattle and Tacoma
ports in the northwestern America established a joint
organization to manage their marine cargo terminals



because they recognized the common threat of losing
more market share to neighboring Canadian ports
such as Vancouver port (Inoue 2018). Port coopera-
tion aims to realize higher market share than the com-
petitor by higher competitiveness from the synergy
such as economies of scale. The major difference be-
tween cooperation for regional welfare and competi-
tion is the focusing market in the cooperation. Spe-
cifically, cooperation for regional welfare focus on
the market with ports that try to cooperate. Coopera-
tion for competition focus on the market with ports
that try to cooperate and another competitor.

While many studies have examined port coopera-
tion, most have focused on cooperation for reginal
welfare. Munim and Haralambides (2018), for exam-
ple, analyzed that the cooperation among Kolkata
ports in India and Mongla and Chittagong ports in
Bangladesh benefited the overlapping port user.
Wang et al. (2012) explained that port cooperation in
maximizing joint profit resulted in the higher port
charge and their profits increase simultaneously com-
pared with those in competition. These studies
showed that port cooperation achieved win-win rela-
tionships with the increase of regional welfare; for-
mer study in reduced transportation costs of shipper
and latter study in increase of each profit. On the
other hand, cooperation for competition, which is one
of the major motivations for cooperation, has not
been fully analyzed. There is a research gap whether
cooperation is effective for competition or not. Addi-
tionally, if we apply the findings of previous studies
in cooperation for regional welfare, reduced transpor-
tation costs of shipper can contribute to cooperation
for competition. However, higher prices for increase
of each profit does not fit the motivation of coopera-
tion for competition, because port should set lower
price in competitive situation (Ishii et al. 2013). This
application reveals the research question whether the
optimum cooperation to fit motivation is different or
not.

This study aims to reveal the effectiveness of port
cooperation for competition and the difference of op-
timum cooperation for each motivation which in-
clude cooperation for regional welfare and for com-
petition. We propose a game theoretical model with
market participants including shipper and port. Spe-
cifically, we analyze the three ports competing or co-
operating in linear city that shippers are uniformly
distributed based on Zhou (2015), Wan et al. (2016)
and Kawasaki et al. (2021). Port determine each port
charge and shipper choose the port to use in the
model. We derive and compare the cooperative ef-
fort, which indicates the willingness to attend the port
cooperation (Kavirathna et al. 2019 and Dong et al.
2018), as an optimum cooperation to fit each motiva-
tion with considering behavior of port and shipper.
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We analyze four scenarios where we change land
cost, port competitiveness, public level and cost re-
duction by cooperation to simulate several port situ-
ations.

The rest of this paper is structured as follows. Sec-
tion 2 show reviews of the existing literature on port
cooperation. Section 3 explains a game theoretical
model. The results are appeared in Section 4. Finally,
Section 5 conclude this study and show directions for
further research.

2. LITERATURE REVIEW

Port cooperation have been researched by many
studies in recent years. Several studies showed port
cooperation improve productivity of ports. Guo et al
(2018) analyzed integration problem in a multi-port
region that is the most aggressive way to cooperate.
They proposed the method to determine the optimal
scale of cooperative ports, which include the number
of ports, corresponding port sizes and location sites,
to maximize social welfare. Trujilo et al. (2018)
showed that collusive agreement about the optimal
total capacity in cooperative ports realized higher
profits for both ports by exploiting economies of
scale. Yang et al. (2019) analyzed the optimal scale
of cooperative ports to minimize costs with port in-
dustry transformation and upgrading. Donselaar and
Kolkman (2010) mentioned that cooperation can
solve the problem of less necessary port-related in-
vestment by competition. Munim and Haralambides
(2018) indicated that shipper in two landlocked coun-
tries in South Asia, Nepal and Bhutan, benefited from
cooperation among Kolkata port in India and Mongla
and Chittagong ports in Bangladesh.

Several studies have showed the conditions re-
quired to realize the port cooperation with win-win
relationships instead of port competition. Take-
bayashi and Hanaoka (2021) revealed that the port
cooperation in a congested port was successful when
each port authority considers the benefit of its local
customers in terms of shipping costs. Cui and Notte-
boom (2018) analyzed the factor to promote port co-
operation in similarity of ports and privatization.
Wang et al. (2012) concluded that port cooperation
was established only when there was a balance be-
tween the price rising effect, which is to increase port
price, and output switching effect, which is to switch
some of the throughput from high cost ports to low
cost ones. Kawasaki et al. (2020) demonstrated that
ports should keep competition rather than coopera-
tion in low cargo demand. Knatz (2018) mentioned
that Los Angeles and Long Beach ports, which are in
proximity, have failed to build cooperative relation-
ship due to the lack of clear benefits to each port and



city.

Several studies have analyzed the importance of
the right balance between competition and coopera-
tion as coopetition proposed by Song (2003). Dong et
al. (2018) concluded that once the degree of port co-
operation exceeds the threshold, the container
throughput experiences a slowdown in growth or
even negative due to the diseconomies of scale. Lee
and Song (2017) mentioned that although the concept
of port coopetition had existed for a decade, empiri-
cal or modelling research has not fully implemented.
There are several studies not about port coopetition
but about coopetition of other players in maritime
transport such as shipping line and terminal operator.
Lin et al. (2017), for example, derived the optimum
coopetition level of shipping lines to maximizer own
profit. The optimum levels were changed depending
on path cost and market size. Kavirathna et al. (2019)
analyzed coopetition of terminal operator and
showed operator incentives change depending on the
combinations of terminal ownership.

In summary, previous studies demonstrated that
port cooperation contributed to the improvement of
port productivity. Additionally, optimum port coop-
eration depends on the situations surrounding ports
and the right balance between competition and coop-
eration as coopetition was important. However, while
required conditions and achievement in cooperation
for regional welfare have been fully analyzed, coop-
eration for competition have not. The significance of
this study lies in suggesting whether cooperation is
effective for competition or not and reveling the dif-
ference of optimum cooperation for each motivation
which include cooperation for regional welfare and
for competition in several port situations. We can ap-
ply the knowledge about cooperation for regional
welfare to cooperation for competition based on the
difference obtained from this study. The achievement
contributes to policymakers engaged in ports by serv-
ing methodological reference for port cooperation.

3. METHODOLOGY

(1) Model setting

We simulate three ports located at the linear city
where shippers as the cargo owner are uniformly dis-
tributed with a density of one shipper based on Zhou
(2015), Wan et al. (2016) and Kawasaki et al. (2021)
as shown in Figure 1. Each port located at the posi-
tion d; in one-dimensional space represented as r-
axis. We set, without loss of generality, port 2 at the
central point(d, = 0). The linear city represent mar-
ket where each port focus and highlight the impact of
port strategy change such as cooperation or competi-
tion on shippers with simplified calculation. Shippers
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Fig.1 Basic setting of a linear city.

located in the area between two ports, which we name
competitive area, decide to use either port based on
the comparison of utility of ports. There is a shipper
who is indifferent between using either port due to
the same utilities of both ports, which we regard as
boundary of ports. Shippers located in the area except
for competitive area, which we name captive area,
decide to use port based on the utility of port. Those
decision of shipper result in the occurrence of bound-
ary where most distant shipper locate, which is re-
garded as edge point. We virtually set port 0 and 4 to
represent the boundaries as edge point with under-
standable formulation. The locations of boundaries
can change with changes in utility caused by changes
in cooperative strategy. Catchment area of ports are
area between the boundaries.

Ports are cooperating or competing in the linear
city. Specifically, port 1 and 2 determine the own
strategies such as cooperation or competition in the
situation where port 2 and 3 compete. The focused
market to determine the strategy changes depending
on the motivation of cooperation. Specifically, coop-
eration for regional welfare focuses on the market
where shipper located between port 1 and 2, which
we name regional market. Ports determine coopera-
tive strategy to increase the welfare of region shared
with cooperative ports. Cooperation for competition
focuses on the market where shipper located between
port 2 and 3, which we name competitive market.
Ports determine cooperative strategy to gain a market
share in the region shared with another competitor.
We calculate the optimum cooperative strategy on re-
gional welfare and competition separately and meas-
ure the difference of obtained optimum strategy.

We consider two issues for cooperation in addition
to motivation as shown in Table 1; effect and type.
First, we consider two effects in the port cooperation;
cost reduction and higher market power. Port cooper-
ation can realize cost reduction by efficiency im-
provement such as prevention of overcapacity and
economy of scale (Donselaar and Kolkman 2010). As

for market power, cooperation leads to higher mar-
ket power instead of less competition between coop-
erative ports, which result in higher port charge
(Donselaar and Kolkman 2010 and Saeed and Larsen
2010). In the simulation, we formulate to reflect these
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Table 1. Cooperation issues in the simulation

Regional welfare

To increase the welfare of region shared with cooperative ports

Motivation Competition To gain a market share in the region shared with strong competitor
Effect Cost reduction Efficiency improvement realizes the cost reduction

Market power Higher market power results in higher port charge
Type Hinterland access Improvement of accessibility to both ports

Terminal management

Improvement by the integrated terminal management

two effects. Finally, two cooperation types, which in-
dicates the business scope covered in the cooperation,
are considered; hinterland access and terminal man-
agement. We assume that the cooperation realizes the
reduction in cost covered by each type. Specifically,
the cost reduction in hinterland access is realized by
the cooperation to improve the accessibility to both
involving cooperative ports. As an example, Los An-
geles and Long Beach in the US developed an effi-
cient rail corridor of enough capacity for the two rap-
idly growing ports (Inoue 2018). The cost reduction
in terminal management is realized by the integrated
management of the two ports. As an example, Kobe
and Osaka in Japan established joint management
company to develop the efficient and non-duplication
terminal (Inoue 2018). We separately simulate the
two types cooperation to analyze whether different
cooperation types occur different result.

(2) Model development

We apply three stages model in the linear city as
shown in Figure 2. In the first stage, cooperation
level (z) that takes the value from0to 1 (0 <z <
1). If the cooperation value is 0, the two ports are
perfectly competitive. Perfect competitive ports
value only own benefit in the decision. If the cooper-
ation value is 1, the two ports are perfectly coopera-
tive. Perfect cooperative ports value the benefit of
partner port as much as own benefit in the decision.
If the cooperation value is larger than 0 and less than
1, two ports simultaneously characterizes both com-
petition and cooperation, which is known as coopeti-
tion (Song 2003 and Kavirthna et al. 2019). Although
coopetition ports value both benefits, each port value
own benefit more than partner port. The objective
functions to determine cooperative level change de-
pending on the motivations. In cooperation for re-
gional welfare, generalized cost of shipper in regional
market is minimized to increase the welfare of region
shared with cooperative ports. In cooperation for
competition, generalized cost of shipper in regional
market is minimized to gain a market share in the re-
gion shared with another competitor. We measure the
difference of optimum cooperation level between two
motivations. In the second stage, port charge (w;) of
each port is to determine to maximize benefits of
port. In the third stage, shipper determine the port to

First stag .
Irst stage generalized cost (GC)
Decision : Cooperation level (2)

Minimization of generalized cost of shipper

For regional welfare ... minSr For competition ... min S -
cooperation level (z)

l cooperation level (z)

[ Third stage

Decision : port choice

Second stage port charge (w;)
Decision : port charge (w;)

Maximization of benefit of port (IT;) Minimization of generalized cost (GC;, GV;)

port choice

Fig.2 Model overview.

use based on the generalized cost as utility of port to
transport the own cargo. The game is solved by back-
ward induction. We start the explanation with the
third stage to fit the backward induction. The nota-
tions of the model are as follows;

i,j  Portname (0 and 4 are virtual ports to identify the edge
points in the formulation)

GC; Generalized cost of shipper to use port i in competitive
area

GV; Generalized cost of shipper to use port i in captive area

m;  Regional benefit of port i
II;  Benefit of port i
Sr  Average generalized cost of shipper in shared market
with cooperative port
Sc Average generalized cost of shipper in shared market
with competitive port
V  Reservation price
l;;  Boundary location between port i and j
x;  Cargo throughput in port i
w;  Port charge in port i
z  Cooperation level
d; Location of port i
c¢s  Land transport cost per distance in competitive area
cv  Land transport cost per distance in captive area
cp; Costof port i
ch; Fixed land transport cost port i
u;  Public level of port i
One-dimensional space as r-axis
Hinterland cost reduction ratio
Port cost reduction ratio
a) Third stage: cargo through put
In the third stage, we calculate the cargo through-
put (x;) in each port based on the shippers’ choice.
As mentioned, shipper determine the port to use
based on the utility of ports. We calculate the utility
of ports as generalized cost. Shipper in competitive
area chooses the port with lower generalized
cost (GC;). In captive area, shipper with lower gener-
alized cost (GV;) than reservation price (V) choose
the port to use.
Figure 3 indicates the generalized cost of shipper
in the linear city. Equations (1) shows the generalized
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Fig.3 Generalize cost of shipper in the linear city
cost in competitive area and captive area, respec-
tively, for port 1 to 3. The generalized cost consists
of port charge (w;), land transport cost (cs, cv) and
hinterland cost (ch;). Port charge represents the ser-
vice price per unit charged by port, which is deter-
mined to maximize the regional benefit in second
stage. Land transport cost represents the cost increas-
ing with the distance such as fuel or labor cost. We
set different transport cost in competitive
area (cs) and captive area (cv). We assume that
competitive and captive area are near city and rural
area, respectively. The transport cost in competitive
area is smaller than captive area, because we assume
that city area has well-developed infrastructure and
required time is navigation time is smaller than rural
area in same distance. Distance from the port, which
is calculated by the location of shipper (r) and
port (d;), is multiplied to the transport cost per dis-
tance. Hinterland cost (ch;) represents the un-
changed cost per distance in each port with distance
such as congestion cost. Generalized cost increases
as the distance from port increase as shown in Figure
3. There are shippers who have same generalized cost
in competitive area.

The land transport and hinterland costs are reduced
by the cooperation in hinterland access improvement
as the cooperation effect. We calculate the amount of
cost reduction in accordance with cooperation
level (2) and reduction ratio (a). The formulation
as (1 — a - z) represents that the amount of reduc-
tion increases as the cooperation level increase. The
reduction ratio depends on the cooperation type and
range from0to1 (0 < a < 1).

boundary

GCi=w;+ (1 —a-z)(cs|r—dq| + chy)
GCy=wy + (1 —a-2z)(cs|r —dy| + chy)
GC3 = w3 + cs|r — ds| + chs
GVi=w;+ 1 —a-2)(cv|r—dy| + chy)
GV3 = wg + cv|r —ds| + chs
(6]
Shipper determine the port to minimize own gen-
eralized cost. In competitive area, boundary points
between two adjacent ports (1,5, l,3) are the points
where the generalized cost of both ports are the same.
In captive area, boundary points (ly;, l3,) are the
points where the generalized cost and reservation
price are same (Wan et al. 2016 and Kawasaki et al.
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2021). Equations (2) indicates the boundary condi-
tions.

GC, = GC,
wy, + (1 —a-2)(es(ly, —dy) + chy)

+ (1 —a-z)(—cs-lj; +chy)
] _dy chy—chy W — Wy
27 7 2¢s _(2—2a-z)cs
GCy = GCs
wy, + (1 —a-z)(cs- 13 + chy)

=wsz + cs(dz — lp3) + chs

Loa = d3 WZ—W3+(1—0('Z)Ch2—Ch3

BT _a-z 2—-a-z)cs

V=GV1

V=w+{0—-a-2z)(cv(d; —ly) + chy)

oy =dy + Sy WV

7MY TA-—a 2w

GV3=V

w3 + cv(lzy —ds) +chyg =V

l —d W3+Ch3_V

3= cv ®))

We can calculate the cargo throughput in each port
based on the size of catchment area, because the den-
sity of one shipper in the linear city. Equations 3 in-
dicates the cargo throughput in each port. The nega-
tive value of differentiation (ax,/ow; < 0, dx,/dw, <
0,dx5/0ws < 0) indicates that the size of catchment
area and cargo throughput decrease as each port
charge increase.

l12
xlzf 1dr=l12—101
l

01

l23
x2=f 1dT:l23_112
1

12

l34

X3 Lz 1dr =134 — 153 3)
b) Second stage: port charge

In the second stage, we calculate the port charge
based on the benefit of each ports (I1;). Ports deter-
mine each port charge to maximize own benefits.
Benefits of port consists of regional benefits of own
port (1t;) and partner port in case of cooperation as
shown in Equations (4). The combined benefit in co-
operative ports lead to collusive agreement to make
higher port charge, which indicates the market power
as the cooperation effect. We formulate that as coop-
eration level increases, port becomes to place more
importance of combined benefit.

maxll, =my +z-m,

wq

maxll, =my, +z'mq

w2

maxll; =1

w0 “



Equations (5) show benefit of each port. The ben-
efit of port consists of the profit of port from the port
charge and benefit of port users. The profits of port
consist of port charge as revenue (w;) and cost of
port (cp;). The cost of port represents the cost in-
creasing with the cargo such as loading and unload-
ing cost and are reduced by the cooperation in termi-
nal management as the cooperation effect. The cost
reduction by cooperation can be calculated with co-
operation level and reduction ratio (8). The formula-
tion as (1 — B - z) represents that the amount of re-
duction increases as the cooperation level increase.
Reduction ratio depend on the cooperation type and
range from0to1 (0 < B < 1).

As for user’s benefits, we calculate the average
generalized transportation cost of shipper per unit in
each catchment area of port. The calculations of av-
erage cost are shown by integral function in Equation
(5). We balance the weight of profit of port and aver-
age cost of shipper in benefit of port by parameter as
public level (u;). When the value is low, port be-
comes more sensitive to own profit, which indicates
the characteristic of private port. Other studies such
as Cui and Notteboom (2018) and Takebayashi and
Hanaoka (2021) use this parameter to represent the
characteristic of private and public ports.

m =y — 1= 2)ep)x;

fldl GV1 dr
— Uy o +

dl - lOl

f;f GC, dr>

lip —dy
m, = W, — (1 =B -2)cpr)x;
0
f,,GCadr [ GC,dr
- uz +
=l ly3
— cp3)xs

a Lz
. flzj GCs dr s fdz GV dr
d3 - lZ3 l34 - d3 (5)

We obtain the optimum port charge (w;) to max-
imize benefits based on the first order conditions. We
solve the simultaneous equation from the first order
conditions as shown in Equations (6).

m3 = (ws

o,
an
Wy Wy
o,
— =0 AW |+bhb=0e|w|=-4"1D
6W2 ws w3

\an3
w, (6)

c) First stage: cooperation level

In the first stage, we calculate the cooperation
level (z) based on minimization of generalized cost
of shipper. The generalized cost of shipper focused in
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port cooperation changes depending on the motiva-
tions. Specifically, cooperation for regional welfare
focuses on the shipper shared with cooperative port
that is area shared with port 1. Cooperation for com-
petition focuses on the shipper shared with competi-
tive port that is area shared with port 3. Figure 4 in-
dicates each focusing market in the

linear city. We calculate the optimum cooperation
level to minimize the average generalized cost in
each motivation.as shown in Equations (7).
Terms Sr and Sc represent the average generalized
cost in the cooperation for regional welfare, compe-
tition and both, respectively.

(3) Input values and scenraios

In this study, we derive the optimum cooperation
level to fit motivation. However, we cannot obtain
clear and tractable conditions that cause the differ-

0
minSr = 7L126C2dx
z _l12
=w,
-1l-a- Z)( cs-liy — chz)
1
Z%W1+ZW2
—Z(l—a-z)(cs-dl—chl
_3Ch2)
l
[#GC,dx
inSc =20
min Sc 7123_0
+(1-a- z)( cs l23+ch2>
_ 3—a-z + l—a-z
_4—2a-zW2 4—2a-2"2
il ( d
4—-2a- €5 s
—-B-a- z)ch2+ch3) @

ence in the optimum cooperation values due to the
complexity of the calculations. Therefore, we con-
duct numerical analysis to explore the difference in
the optimum cooperation. Table 2 indicates the input
values as base case. We prepared two pairs of reduc-
tion ratios to represent two cooperation types which
include hinterland access and terminal management.
Specifically, we set the value of hinterland cost re-
duction ratio to 0.20 and port cost reduction ratio to
0 to realize twenty percent reduction of hinterland ac-
cess cost in hinterland cooperation.



Table 2. Input values for numerical analysis in base case

Cooperation type
Hinterland  Terminal
Hinterland cost reduction
ratio 0.20 0
Port cost reduction ratio B 0 0.20
Reservation price V10
. Port 1 d, -20
L(())rctatlon of Port 2 d, 0
P Port 3 ds 3.0
. Port 1 ch;y 2.5
?olgtteﬂand Port2  ch, 2.0
Port 3 ch; 1.5
Port 1 cp1 2.5
Cost of port ~ Port 2 cp, 2.0
Port 3 cp; 1.5
Port 1 u; 1.0
Public level Port 2 u, 1.0
Port 3 Us 1.0
Land t.rz.insport cost in s 20
competitive area
Land transport cost in v 30

captive area

We consider four scenarios to simulate several port
situations; land, port, public and reduction. In land
scenario, we change the value of land transport cost
in competitive area (cs) in the range from 1.0 to 5.0
and it is maintained the value of transport cost in cap-
tive area is larger than competitive area (cv = cs +
1) with the same other values in base scenario, re-
spectively. This scenario represents the impact of
hinterland access cost on the optimum cooperation
level. Wan et al. (2018) emphasized the importance
of hinterland cost in port competition. In port sce-
nario, we change the value of fixed hinterland cost
and cost of port 2 (ch,, cp,) in the range from 1.0 to
5.0 with the same other values in base scenario. This
scenario represents the impact of cooperation with
different port competitiveness on the optimum coop-
eration level, because shipper decide to use the port
with lower cost and hinterland connection as higher
competitiveness port (Yuen et al. 2012). Cui and Not-
teboom (2018) and Wang et al. (2012) concluded that
similarity of port competitiveness such as the level of
service quality and accessibility is influential factor
to realize port cooperation. In public scenario, we
change the value of public level of port 2 (u,) in the
range from 0.0 to 2.0 with the same other values in
base scenario. This scenario represents the impact of
cooperation with different port governance on the op-
timum cooperation level. Cui and Notteboom (2018)
and Takebayashi and Hanaoka (2021) revealed the
importance to consider the port governance (public or
private) to realize port cooperation. In reduction sce-
nario, we change the value of cost reduction ra-
tio (a, B) in the range from 0.1 to 0.5 with the same
other values in base scenario. This scenario repre-
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sents the impact of cooperation with different cost re-
duction as cooperation effect. Knatz (2018) pointed
out the importance of benefits for both ports in the
cooperation.

4. RESULTS AND DISCUSSION

(1) Base case

Figure 5 shows the average generalized cost fo-
cused in each motivation with cooperation level. The
average costs are concavity function with coopera-
tion level and reach the minimum in the extreme val-
ues. This result indicates that port cooperation is ef-
fective port strategy for competition by reducing the
cost in competitive area. The cost in competitive area
becomes minimum when port realize a well-balance
between cooperation and competition as optimum co-
operation level.

The optimum cooperation levels are different on
the motivations in both cooperation types. Specifi-
cally, the values in cooperation for regional welfare
are 58.5% and 29.2% in hinterland access and termi-
nal management, respectively. The values in cooper-
ation for competition are 65.6% and 31.5% in hinter-
land access and terminal management, respectively.
The optimum cooperation level of cooperation for
competition is higher than for regional welfare.
Those difference of cooperation levels is due to the
difference of cooperation effects in each motivation.
We set the optimum cooperation level to balance the
cost reduction and higher market price, which are the
cooperation effects, for minimizing average cost in
each motivation. Cooperation for competition require
higher cost reduction to realize high competitiveness.
Cooperation for regional welfare needs to prevent the
increase of port charge by higher market power. This
result indicates the importance to build the different
strategy in the different cooperation motivations.

Table 3 shows values of average generalized cost,
port charges and boundary points when the general-
ized cost becomes minimum in each cooperation type
and motivation. The port charge of port 1 and 2 in
cooperation for competition is higher than for reginal
welfare in hinterland cooperation. This result is not
in line with intuition that competition result in lower
port charge. We can solve the problem by the cost
reduction as one of the cooperation effects. Coopera-
tion in hinterland access realize the reduction of hin-
terland access cost and the amount of reduction
change with cooperation level. Although port charge
increases by the increase of market power with coop-
eration level as cooperation effect, the amount of re-
duction is larger than the increase. The larger reduc-
tion realizes lower average cost in shared market with
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Table 3. Results of generalized costs, port charges and boundary points in base case

Cooperation type Hinterland access Terminal management
Cooperation Motivation Regional welfare Competition Regional welfare Competition
Average general- _Cooperative port (Si) 7.0674 7.0695 7.1579 7.1580
ized cost Competitive port (Sc) 7.4138 7.4120 7.5149 7.5148
Port 1 (wy) 4.2951 4.3498 3.9429 3.9435
Port charge Port 2 (wy) 43115 4.3560 4.0630 4.0629
Port 3 (ws) 4.2746 4.2653 4.3706 4.3706
Port 1 and 0 (ly1) -3.3219 -3.3345 -3.1857 -3.1855
Port 1 and 2 (1,) -1.1203 -1.1232 -1.0950 -1.0952
Boundary
Port 2 and 3 (1,3) 1.5125 1.5175 1.4519 1.4519
Port 3 and 4 (I3,) 4.4085 44116 4.3765 4.3765

competitive port (Sc). Additionally, the lower aver-
age cost result in moving boundary between port 2
and 3 (I,3) to the right that is expansion of catchment
area of port 2 in competitive area with port 3.

As for the cooperation in terminal management,
port charge of port 1 in cooperation for regional wel-
fare is lower than competition and port charge of port
2 in cooperation for regional welfare is higher than
competition. This reflects the difference of require-
ments in motivations. Cooperation for regional wel-
fare requires the minimization of generalized cost
shred with cooperative ports that are port 1 and 2.
Thus, port charge of port 1and 2 becomes lower op-
timum cooperation level for regional welfare. On the
other hand, cooperation for competition requires the
minimization of generalized cost shared with com-
petitive ports that are port 2 and 3. Port charge of port
1 can be higher if port charge of port 2 do not in-
crease, because port charge of port 1 does not affect
on the competition. Those different requirements re-
sult in different optimum cooperation level in Figure
5. Note that the difference of values in different mo-
tivation and same type are not so large. Specifically,
the difference occurs in the fourth decimal place. If
the wrong optimum cooperative relationships are
constructed, such as cooperation for regional welfare
realize optimum cooperation level in competition
without considering the difference, the results do not
drastically change.

(2) Scenario analysis
a) Land scenario

Figure 6 shows the optimum cooperation level that
minimize generalized cost in each type and each mo-
tivation with land scenario. This scenario is to simu-
late the impact of hinterland access cost on the opti-
mum cooperation level. Although the gradients are
different, both cooperation types require hither coop-
eration level as hinterland cost becomes higher and
they finally require complete cooperation (z = 100).
This indicates that the different cooperative relation-

Regional welfare (5i) |
-~ Competition  (5¢) |
—— minimum 7 : 5

! Hinterland
| access

{—— Competiton  (5¢) '

Generalized cost (i, 5¢)

minimum z:29.2%  § pepminal

} O minimumz:31.5% | management

0 20 40 60 80 100

Cooperation level (z) =l

Fig.5 Generalize cost focused on each type and motivation

ships should be constructed on development of hin-
terland. Specifically, ports in low hinterland cost area
with highly developed hinterland access should con-
struct competitive relationships. On the other hand,
ports in high hinterland cost area with less developed
hinterland access should construct cooperative rela-
tionships.

As for the difference of motivations, cooperation
for competition requires higher cooperation level in
both cooperation type same as base case. The re-
quired cooperation effects are different between mo-
tivations in each land cost. Figure 6 also shows the
loss of average generalized cost focused in each mo-
tivation when wrong optimum cooperation is con-
structed; cooperation for regional welfare, for exam-
ple, realize optimum cooperation level in competition
without considering the difference of motivations.
The loss increases until competition requires com-
plete cooperation. Although, the loss of hinterland
access occurs in the third decimal place and is not so
large same as base case, the loss changes depending
on the hinterland cost.

b) Port scenario

Figure 7 shows the optimum cooperation level in
each type and each motivation and the loss in wrong
cooperative motivations with port scenario. This sce-
nario is to simulate the impact of cooperation with
different port competitiveness on the optimum coop-
eration level. Although the gradients are different,
both cooperation types require hither cooperation
level as port cost becomes higher and they finally re-
quire complete cooperation same as land scenario.
This indicates that the different cooperative relation-
ships should be constructed on port competitiveness.
High competitiveness ports with low port cost should
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* Loss average generalized cost focused in each motivation
when wrong optimum cooperative relationships are con-
structed
construct competition. On the other hand, low com-
petitiveness ports with high port cost should con-
struct cooperation.

As for the difference of motivations, different gra-
dients of optimum cooperation level result in the dif-
ferent magnitude relationships. Specifically, cooper-
ation for competition requires higher cooperation
level than cooperation for regional welfare in low
port cost. On the other hand, it requires lower coop-
eration level in high port cost. Low competitiveness
ports with high port cost require higher cost reduction
in cooperation for regional welfare than competition
unlike base case and land scenario. The loss is larger
in low port cost area where there is a higher gap of
optimum cooperation level between motivations. The
loss still occurs after the turning point where magni-
tude relationships change. The amount of loss after
the turning point is smaller than before the turning
point. The required cooperation effects change de-
pending on the port competitiveness.
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¢) Public scenario

Figure 8 shows the optimum cooperation level in
each type and each motivation and the loss in wrong
cooperative motivations with public scenario. This
scenario is to simulate the impact of cooperation with
different port governance on the optimum coopera-
tion level. Although the gradients are different, both
cooperation types require hither cooperation level as
port considers the local shipper’s cost to be more im-
portant as public port. Additionally, both cooperation
types require hither cooperation level as hinterland
cost becomes higher and they finally require com-
plete cooperation (z = 100). This result indicates
that private ports require port competition and public
port require cooperation.

As for the difference of motivations, the magnitude
relationships between regional welfare and competi-
tion are different on cooperation types. In coopera-
tion in hinterland access, cooperation for competition
requires higher cooperation level than regional wel-
fare same as base case and land scenario. The loss is
larger in low public level area where there is a higher
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* Loss average generalized cost focused in wrong motivation
gap of optimum cooperation level between motiva-
tions. Private port cause larger loss by realizing
wrong optimum cooperation. The difference of opti-
mum cooperation level between motivations in same
public level becomes smaller as public level increase.
In cooperation in terminal management, different
gradients of optimum cooperation level result in the
different magnitude relationships. Cooperation for
competition requires higher cooperation level in pri-
vate port and lower in public port. The required co-
operation effects change depending on the public
level and motivation.
d) Reduction scenario

Figure 9 shows the optimum cooperation level in
each type and each motivation and the loss in wrong
cooperative motivations with port scenario. This sce-
nario is to simulate the impact of cooperation with
different cost reduction as cooperation effect. Alt-
hough the gradients are different, both cooperation
types require hither cooperation level as hinterland
cost becomes higher. They do not require complete
cooperation unlike land, port and public scenarios.
The different cooperation should be constructed
based on the cost reduction by cooperation. Ports
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* Loss average generalized cost focused in wrong motivation

where high cost reduction is expected should con-
struct competition. Ports where low cost reduction is
expected should construct cooperation.

As for the difference of motivations, the magnitude
relationships between regional welfare and competi-
tion are different on cooperation types same as public
scenario. In cooperation in hinterland access, cooper-
ation for competition requires higher cooperation
level than regional welfare. In cooperation in termi-
nal management, cooperation for competition is
higher in low cost reduction and lower in high cost
reduction. The required cooperation effects change
depending on the amount of reduction and motivation
same as public scenario.

(2) Summary and discussion

Table 4 indicates the optimum cooperation level in
scenario, cooperation type and motivation. We
picked out low and high value in each scenario.
Based on the results reported in the previous section
and Table 4, we can summarize following two find-
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Table 4. Optimum cooperation level in scenario, cooperation type and motivation

Cooperation type Hinterland access Terminal management
Cooperation Motivation Regional welfare Competition Regional welfare Competition
Base case 584 65.6 29.2 31.5
Low land cost 445 514 1622 17.0
. cs=15,cv =25
Land scenario High land cost
s =3.0 cv =40 823 90.1 60.4 65.0
Low port cost
. cp, = 15,ch, =15 471 37.8 8.2 153
Port scenario High port cost
p, = 3.5,ch, = 3.5 91.7 91.0 94.0 91.1
Low public level
Public sce- u, = 0.8 494 212 32 134
nario High public level 682 743 508 56.4
U, = 1.2
Low reduction ratio
Reduction ua = 0.15orub = 0.15 440 3240 36 113
scenario High reduction ratio 734 80.4 570 56.3

ua = 0.30 orub = 0.30

*Under lined values are higher optimization level on the motivation

ings about the difference between cooperation for re-
gional welfare and competition.

First, the optimum cooperation levels in coopera-
tion for regional welfare and for competition are dif-
ferent in many cases. The cases where the optimum
cooperation levels are same as follows; turning point
where the magnitude relationship regional welfare
and competition, perfect cooperation and perfect
competition. The number of situations where cooper-
ation for competition requires higher cooperation
level than cooperation for regional welfare is larger.
Those difference of cooperation levels is due to the
difference of cooperation effects in each motivation.
Cooperation for competition requires higher cost re-
duction to realize high competitiveness in many situ-
ations. Cooperation for regional welfare needs to pre-
vent the increase of port charge by higher market
power. However, different gradients of optimum co-
operation level result in the different magnitude rela-
tionships. There are several situations where cooper-
ation for regional welfare requires higher cooperation
level than cooperation competition; both cooperation
types in high port cost, terminal management in high
public level and high reduction ratio. This result in-
dicates the importance of considering the difference
of motivation to realize effective port cooperation.

Second, the loss of average generalized in wrong
cooperation change depending on the port situations.
The loss is larger in areas where there is a higher gap
of optimum cooperation level between motivations.
Specifically, the loss is large in hinterland access in
middle hinterland cost, low port charge, low public
level and high reduction ratio. The gap of loss in each
situation is due to the difference of cooperation ef-
fects in each motivation same as first finding. Alt-
hough the loss by wrong cooperation is not so large
in the total cost, policymakers should consider the
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loss to realize best cooperation for each port.

5. CONCLUSION

This study examines the effectiveness of port co-
operation for competition and the difference of opti-
mum cooperation for each motivation which include
cooperation for regional welfare and for competition
by a game theoretical model. We analyze the three
ports competing or cooperating in linear city that
shippers are uniformly distributed. We derive and
compare the cooperative effort, which indicates the
willingness to attend the port cooperation as an opti-
mum cooperation to fit each motivation with consid-
ering behavior of port and shipper. This study reveals
following three findings about port cooperation.
First, port cooperation is effective port strategy for
competition by reducing the cost of shipper in com-
petitive area. The cost in competitive area becomes
minimum when port realize a well-balance between
cooperation and competition as optimum cooperation
level. Second, optimum cooperation levels in cooper-
ation for regional welfare and for competition are dif-
ferent due to the difference of cooperation effects in
each motivation. Cooperation for competition re-
quires higher cooperation level than cooperation in
many situations. On the other hands, there are several
situations where cooperation for regional welfare re-
quires higher cooperation level than cooperation
competition. Finally, the loss of average generalized
in wrong cooperation change depending on the port
situations. The loss is larger in areas where there is a
higher gap of optimum cooperation level between
motivations. Those findings can assist policymakers



engaged in port management to realize port coopera-
tion. Policymakers should consider port situations to
realize effective port cooperation for each port. Ad-
ditionally, policymakers can apply the knowledge
about cooperation for regional welfare to cooperation
for competition based on the difference by motiva-
tions obtained from this study.

Several issues remain for further research. The lin-
ear city, for example, does not completely represent
port situation such that competition between port 1
and 3. One needs to apply actual situation as case
study. The case study will make a concreate sugges-
tion for cooperation. We cannot consider the decision
of shipping lines in the model as well. Port coopera-
tion contribute to the increase of bargaining power to
increase of port of calls by shipping lines as Inoue
(2018) suggested. The optimum cooperation can
change on the decision of shipping lines. One needs
to develop the extended model.
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