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1. Introduction

Research Motivation:

A Recent research on application of game theory to shipping
and port sectors

A In particular, the paper of De Borger et al (2008) is the most
advanced application.

U port competition model by using framework of two stage
non-cooperative game

A BusanNew Container Port is to face fierce port competition in
the near future according t
Japan.

A Partly financed by International Research Network
ProgrammeAsian Logistics Round Table: 5 times workshops



1. Introduction

Research Objective:

AOur study tries to extend L

i Multi-stage game, stochastic demand are to be
considered

i We construct a non cooperative game theoretic model:
v Two ports, price competition
v Multi-stage (6 stages) decision making



2. Literature Review

A Scope: Application of Game Theory to maritime seci(

A In the Shipping sector:

U Yang(1999), Song &anayide002), Imai et el.(2006),
Konstantinos& Harilaog2009)

A In the Port sector:

U Anderson et al.(2008a, 2008b)

U De Borger et al.(2008)

U Zhang (2008) working paper and conference paper
A Two types of Game Theory applied

U Co-operative and Non Goperative




3. The Model

A The model of De Borger et al. (2008)

U (only) two stage game
U No stochastic factors
U No derivation of explicit equilibrium.

AWe tries to extentyt
considering stochastic factors and deriving
the explicit equilibrium.



3. The Model
3.1 Time Line

> time

p,(t) : charge for the use of port 1
Port 1 |
capacity cost for port 1
t) : charge for the use of port 2
capacity cost for port 2




3. The Model

3.3 Stochastic Demand Function

Price

Y(t,x) = —ax + X(t) for (t,x) € (0,0) XR
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3. The Model
3.4 Capacity Investment (1/2)

Port Capacity(t)
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3. The Model

3.4 Capacity Investment (2/2)

Port Capacity(t)
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3. The Model
3.5 Port Change

Port Change p,(t) L~
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3. The Model

3.6 Demand for Port Services

T alx +xp) + X(t) = py(t) + b(uy(t))x,
T alx +xp) + X(t) = p(t) + b(uy(t))%,

where a functionb : (Ox ) b (0K ) stands for the utilising capacity,

l.e. b(u(t))x denotes the capacity cost for pgrt

D(LLD)X() T {a + b(uy()}P4(1) + apy(t)
a{b(uy(D)) + b(ux(t))} + b(uy(t))b(uy(t))

i Yi(t) =

V(0 = b E)X(E) T {a + b(uy(t)}p,(t) + ap,(t)
) =
- afb(u (1) + b(U (D)} + bluy®)b(uH)




3. The Model
3.7 Pricing Behavior Each Port (1/2)

We consider the following game

{ the strategy set for port is z € (0, )

N . et 1 —r(t—tg)
the payoff to portj is E:(J; e . {Zj}}(t) o C}}Erj}dt‘?rk)
k



3. The Model
3.7 Pricing Behavior Each Port (2/2)

The Nash equilibrium prices at timeare derived as follows :

{'51 (b[:ul[:tk:]) + b[u: (tkj)) + Eb[:ul[tk])b[:u: [tkj) +ab [:1"'2 (tkj)} M (L tyes tye+q)
+(a+ by (8))) (3a + 2b(u,(5)) ) eN (i tye )

7. =
- {4 (ﬂ“ T b[ul[tk:])) [tx + b(u, [tk])) — .::r,:} N(t,.tys:q)
{c:r, (b[ul(tkj) + b(u, [tk])) + 2b(u, (t,))b(u,(t,)) + ab(u, (tk])} Mt by, as)
+(a+ b(u,y(1))) (3a +2b(y (1)) )N (i, tye )
7 =
: {4 ('1 T b[:ui[fk])) (tx + b(u, (tk])) - a::} N(t,,ty.q)
where

M(Sy,S1,S,) = (f 2 E_r(t—sﬂX(t)dt Uv;zﬂ)

N8 = [ e esde =L (1 e



3. The Model
3.8 Observations (1/3)

M (ty, ty, tgr1) — cN(tg, trs1) is important!!

Note:
Interception X(t)( and M) could be interpreted as

fMmaxi mum val ue of fomportat I n :
time t and it Is natural to assume unit cost is
smaller than value of intercept (expected value).

Therefore, hereafter, we assume
M(tk: th’: tk+l) o EN(tkr tk+l) =0



3. The Model
3.8 Observations (2/3)

If Mty ty, tis1) — cN(ty, tgs1) = 0

d
t —2z;, <0 :The lower elasticity of demand, the smal
da ’ ol
the equilibrium port charges.
} 0 <0
auj(tk)zjk B
: The greater the capacity of one port, t-
smaller the equilibrium port charges.
d

Z; <0
du;(ty) Tk

(il)



3. The Model
3.8 Observations (3/3)

If X satisfies
E(X(te) |7, ) 2 E(X@7, ) for t™ (f t)

(e.g. X is a geometric Brownian motion with a positive drift coefficient)

0
Zj =0 : The length of time interval increases
Otriq =
the equilibrium port charges.

i




4. Summary of Our Observation (1/2)

A Observation 1

Observation 1: If {M(t,.t,,t,.,)—cN(t,.t,.,)} is positive, the lower elasticity of

demand for each port, the smaller the Nash equilibrium port charges become.

A Observation 2



