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１ Introduction

In securities market, the financial contagion problem is a serious issue. For example, a price

change of a stock in one country could cause price changes of another countries whose

fundamentals are independent of the country. In addition, world-wide activities of mutual

funds would accelerates these phenomena. In recent months, for example, the U. S. subprime

loan problem has brought on a crisis with a significant impact, and many countries have taken

severe monetary policies for several years. Although the issue is serious and the

countermeasures must be implemented as soon as possible, no basic tool for theoretical

analysis of the impact is fully developed yet.

In this paper, we develop a three-period model of multi-asset trading based on Caballé and

Krishnan (1994) :

１．There are three types of market participants : informed, imperfectly competitive

speculators (classified to two type : international and domestic) , uninformed,

competitive market makers, and liquidity traders,

２．there are idiosyncratic and systematic sources of risk that affect the dividend of the

traded securities, and

３．each trade occurs at the end of each period.

There are market impacts in the sense that speculators are imperfectly competitive. They

have incentives to exploit their payoffs by using their information. As a result, the security

prices between two countries that are fundamentally unrelated are correlated.

２ The Model

There are three countries whose trading hours are not overlapped. Each country has one

risky asset respectively and there is one riskless asset on a global basis. After all trades, a

trader who has one lot of risky assets receives dividends, a 3-1 multivariate normally
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distributed random vector v.

v/u+bq, p1�

where u is a 3-1 random vector of idiosyncratic shocks, q is a 2-1 random vector of

systematic sources of risk, and b is a 3-2 matrix of factor loadings :

b/t
1 0

0.5 0.5

0 1
�. p2�

We assume that u and q are independent, u~N pu�,6u�, q~N pq�,6q�, and 6u and 6q are

diagonal and nonsingular.

There are five types of market participants : competitive market makers, KI international

traders, K tpt/1, 2, 3� domestic traders, and a liquidity trader. All traders are risk neutral.

The international traders and the domestic traders observe their private signals about u

and q at t/0 :

Suk/u+euk, euk~MND p0
�

,6eu�, p3�

Sqk/q+eqk, eqk~NND p0
�

,6eq�. p4�

u , q , euk , and eqkpk/1, 2, �, K1+K2+K3+KI� are independent. 6eu and 6eq are diagonal.

The term k here is assigned in the order of the international traders, the domestic traders in

the country 1, 2, and 3 in sequence. In the following, “a trader kI” represents an international

trader, and “a trader k tpt/1, 2, 3�” represents a domestic trader in the country t.

The trade in the country t pt/1, 2, 3� occurs at the period t. The international traders can

place their orders at all periods. The domestic traders k t can place their orders only at the

period t. Each trader k pk/kI, k t� places his market order xkt without observing the orders

of other traders at the period t. The liquidity trader places his market order that follows an

independent normal distribution at each period t . Formally, the order of the liquidity trader

is written by the a 3-1 random vector :

z~MND pz�,6z�, p5�

where z pt� represents the order of the liquidity trader at period t, and 6z is diagonal.

The market makers have no private information. They observe the net order that all

traders place and determine the price p t. Since they are competitive, they put p t to make

equal to the expected value of the risky asset of the country t, conditional on their information

that they have observed so far.

At t/4 , u and q are realized, and traders obtain their dividends. Every trader k has

NAV4k units of riskless asset at t/0, and maximizes his utility

Uk/U pNAV4k�/NAV0k+xk1pn p1�,p1�+xk2pn p2�,p2�+xk3pn p3�,p3�. p6�

We define some notations. Ek
t p�� and EM

t p�� are expected values conditional on events that a
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trader k and a market maker can observe before their decision making at period t

respectively.

３ Linear Equilibrium

We limit our investigation to a linear equilibrium. In the equilibrium, in each period t/1, 2, 3

１．every trader k maximizes his utility :

max
xkt

Ek
t pUk�,

２．the market makers place the price to equal to the expected value of the risky asset of

the country t :

p tpw t, �pu�u<t�/EM
t pv�.

We assume actions of all traders are linear with respect to their information. That is,

p1pw1�/a01+a11pw1,w�1�, p7�

p2pp1, w2�/a02+a12pp1,pR1�+a22pw2,w�2�, p8�

p3pp1, p2, w3�/a03+a13pp1,pR1�+a23pp2,pR2+a33pw3,w�3�, p9�

xk1pSuk, Sqk�/bk01+b �
ku1pSuk,u��+b �

kq1pSqk,q��, p10�

xk2pp1, Suk, Sqk�/bk02+bk12pp1,pR1�+b �
ku2pSuk,u��+b �

kq2pSqk,q��, p11�

xk3pp1, p2, Suk, Sqk�/bk03+bk13pp1,pR1�+bk23pp2,pR2� p12�

+b �
ku3pSuk,u��+b

�
k03pSqk,q��,

where

pR1/a01, p13�

pR2/a02, p14�

w�1/KIbkI01+K1bk101+z� p1�, p15�

w�2/KIbkI02+K2bk202+z� p2�, p16�

w�3/KIbkI03+K3bk303+z� p3�. p17�

４ Information

4.1 Ex-ante Distributions

cov pv p1�, w1�/pKIbkIu1p1�+K1bk1u1p1��6up1, 1� p18�

+pKIbkIq1p1�+K1bk1q1p1��6qp1, 1�,
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cov pv p2�, p1�/a11�pKIbkIu1p2�+K1bk1u1p2��6up2, 2� p19�

+
1

2
pKIbkIq1p1�+K1bk1q1p1��6qp1, 1�

+
1

2
pKIbkIq1p2�+K1bk1q1p2��6qp2, 2��,

cov pv p2�, w2�/pKIbkI12+K2bk212�cov pv p2�, p1� p20�

+pKIbkIu2p2�+K2bk2u2p2��6up2, 2�

+
1

2
pKIbkIq2p1�+K2bk2q2p1��6qp1, 1�

+
1

2
pKIbkIq2p2�+K2bk2q2p2��6qp2, 2�,

cov pv p3�, p1�/a11�pKIbkIu1p3�+K1bk1u1p3��6up3, 3� p21�

+pKIbkIq1p2�+K1bk1q1p2��6qp2, 2��,

cov pv p3�, p2�/a12cov pv p3�, p1� p22�

+a22�pKIbkI12+K2bk212� cov pv p3�, p1�

+pKIbkIu2p3�+K2bk2u2p3��6up3, 3�

+pKIbkIq2p2�+K2bk2q2p2��6qp2, 2��,

cov pv p3�, w3�/pKIbkI13+K3bk313� cov pv p3�, p1� p23�

+pKIbkI23+K3bk323� cov pv p3�, p2�

+pKIbkIu3p3�+K3bk3u3p3��6up3, 3�

+pKIbkI03p2�+K3bk3q3p2��6qp2, 2�,

cov pSuk, w1�/6upKIbkIu1+K1bk1u1�+I �k=kI, k1�6eubku1,pI {�� is an index function� p24�

cov pSqk, w1�/6qpKIbkIq1+K1bk1q1�+I �k=kI, k1�6eqbkq1, p25�

cov pSuk, p1�/a11cov pSuk, w1�, p26�

cov pSqk, p1�/a11cov pSqk, w1�, p27�

cov pSuk, w2�/pKIbkI12+K2bk212�cov pSuk, p1� p28�

+6upKIbkIu2+K2bk2u2�+I �k=kI, k2�6eubku2,

cov pSqk, w2�/pKIbkI12+K2bk212� cov pSqk, p1� p29�

+6qpKIbkIq2+K2bk2q2�+I �k=kI, k2�6eqbkq2,

cov pSuk, p2�/a12cov pSuk, p1�+a22cov pSuk, w2� p30�

cov pSqk, p2�/a12cov pSqk, p1�+a22cov pSqk, w2�, p31�

cov pSuk, w3�/pKIbkI13+K3bk313� cov pSuk, p1� p32�

+pKIbkI23+K3bk323�cov pSuk, p2�

+6upKIbkIu3+K3bk3u3�+I �k=kI, k3�6eubku3,
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cov pSqk, w3�/pKIbkI13+K3bk313� cov pSqk, p1� p33�

+pKIbkI23+K3bk323� cov pSqk, p2�

+6qpKIbkIq3+K3bk3q3�+I �k=kI, k3�6eqbkq3,

cov pSuk, p3�/a13cov pSuk, p1�+a23cov pSuk, p2�+a33cov pSuk, w3� p34�

6w1/KIb
�
kIu1p6u+6eu�bkIu1+KIpKI,1�b �

kIu16ubkIu1 p35�

+K1b
�
k1u1p6u+6eu�bk1u1+K1pK1,1�b �

k1u16ubk1u1

+2KIK1b
�
k1u16ubkIu1

+KIb
�
kIq1p6q+6eq�bkIq1+KIpKI,1�b �

kIq16qbkIq1

+K1b
�
k1q1p6q+6eq�bk1q1+K1pK1,1�b �

k1q16qbk1q1

+2KIK1b
�
k1q16ubkIq1+6zp1, 1�,

6p1/a2
116w1, p36�

cov pp1, w2�/pKIbkI12+K2bk212�6p1 p37�

+KIcov pSukI, p1�
�bkIu2+K2cov pSuk2, p1�

�bk2u2

+KIcov pSqkI, p1�
�bkIq2+K2cov pSqk2, p1�

�bk2q2,

cov pp1, p2�/a126p1+a22cov pp1, w2�, p38�

6w2/pKIbkI12+K2bk212��cov pp1, w2� p39�

+KIcov pSukI, p1�
�bkIu2+K2cov pSuk2, p1�

�bk2u2

+KIcov pSqKI, p1�
�bkIq2+K2cov pSqk2, p1�

�bk2q2�

+KIb
�
kIu2p6u+6eu�bkIu2+KIpKI,1�b �

kIu26ubkIu2

+K2b
�
k2u2p6u+6eu�bk2u2+K2pK2,1�b �

k2u26ubk2u2

+2KIK2b
�
k2u26ubkIu2

+KIb
�
kIq2p6q+6eq�bkIq2+KIpKI,1�b �

kIq26qbkIq2

+K2b
�
k2q2p6q+6eq�bk2q2+K2pK2,1�b �

k2q26qbk2q2

+2KIK2b
�
k2q26ubkIq2+6zp2, 2�,

6p2/a12cov pp1, p2�+a12a22cov pp1, w2�+a2
226w2 p40�

cov pp1, w3�/pKIbkI13+K3bk313�6p1+pKIbkI23+K3bk323� cov pp1, p2� p41�

+KIcov pSukI, p1�
�bkIu3+K3cov pSuk3, p1�

�bk3u3

+KIcov pSqkI, p1�
�bkIq3+K3cov pSqk3, p1�

�bk3q3,

cov pp2, w3�/pKIbkI13+K3bk313� cov pp1, p2�+pKIbkI23＋K3bk323�6p2 p42�

+KIcov pSukI, p2�
�bkIu3+K3cov pSuk3, p2�

�bk3u3

+KIcov pSqkI, p2�
�bkIq3+K3cov pSqk3, p2�

�bk3q3,
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cov pp1, p3�/a136p1+a23cov pp1, p2�+a33cov pp1, w3�, p43�

cov pp2, p3�/a13cov pp1, p2�+a236p2+a33cov pp2, w3�, p44�

6w3/pKIbkI13+K3bk313� �cov pp1, w3� p45�

+KIcov pSukI, p1�
�b iIu3+K3cov pSuk3, p1�

�bk3u3

+KIcov pSqkI, p1�
�bkIq3+K3cov pSqk3, p1�

�bk3q3� p46�

+pKIbkI23+K3bk323� �cov pp2, w3�

+KIcov pSukI, p2�
�bkIu3+K3cov pSuk3, p2�

�bk3u3

+KIcov pSqkI, p2�
�bkIq3+K3cov pSqk3, p2�

�bk3q3� p47�

+KIb
�
kIu3p6u+6eu�bkIu3+KIpKI,1�b �

kIu36ubkIu3

+K3b
�
k3u3p6u+6eu�bk3u3+K3pK3,1�b �

k3u36ubk3u3

+2KIK3b
�
k3u36ubkIu3

+KIb
�
kIq3p6q+6eq�bkIq3+KIpKI,1�b �

kIq36qbkIq3

+K3b
�
k3q3p6q+6eq�bk3q3+K3pK3,1�b �

k3q36qbk3q3

+2KIK3b
�
k3q36ubkIq3+6zp3, 3�.

4.2 Traders

A trader k has the following expectation at t/1 :

Ek
1pv p1��/v�p1�+

6up1, 1�

6up1, 1�+6eup1, 1�
pSukp1�,u�p1�� p48�

+
6qp1, 1�

6qp1, 1�+6eqp1, 1�
pSqkp1�,q�p1��,

Ek
1pv p2��/v�p2�+

6up2, 2�

6up2, 2�+6eup2, 2�
pSukp2�,u�p2�� p49�

+
1

2

6qp1, 1�

6qp1, 1�+6eqp1, 1�
pSqkp1�,q�p1��,

+
1

2

6qp2, 2�

6qp2, 2�+6eqp2, 2�
pSqkp2�,q�p2��,

Ek
1pv p3��/v�p3�+

6up3, 3�

6up3, 3�+6eup3, 3�
pSukp3�,u�p3�� p50�

+
6qp2, 2�

6qp2, 2�+6eqp2, 2�
pSqkp2�,q�p2��,

Ek
1pw1�/w�1+ 	cov pSuk, w1�

� cov pSqk, w1�
�
 p51�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk,u�

Sqk,q��,

愛知淑徳大学論集 ―ビジネス学部・ビジネス研究科篇― 第９号

― 28 ―



Ek
1pp1�/pR1+ 	cov pSuk, p1�

� cov pSqk, p1�
�
 p52�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk,u�

Sqk,q��,
Ek

1pw2�/w�2+ 	cov pSuk, w2�
� cov pSqk, w2�

�
 p53�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk,u�

Sqk,q��,
Ek

1pp2�/pR2+ 	cov pSuk, p2�
� cov pSqk, p2�

�
 p54�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk,u�

Sqk,q��,
Ek

1pp3�/pR3+ 	cov pSuk, p3�
� cov pSqk, p3�

�
 p55�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk,u�

Sqk,q��.
A trader k has the following expectation at t/2 :

Ek
2pv p2��/v�p2�+ 	cov pv p2�, p1� 	0 6up2, 2� 0
 	 61

2
q p1, 1� 61

2
q p2, 2�

 p56�

� 

6p1 cov pSuk, p1�

� cov pSqk, p1�
�

cov pSuk, p1� 6u+6eu 0

cov pSqk, p1� 0 6q+6eq
�
-1



p1,pR1

Suk,u�

Sqk,q��,
Ek

2pv p3��/v�p3�+ 	cov pv p3�, p1� 	0 0 6up3, 3�
 	0 6qp2, 2�

 p57�

� 

6p1 cov pSuk, p1�

� cov pSqk, p1�
�

cov pSuk, p1� 6u+6eu 0

cov pSqk, p1� 0 6q+6eq
�
-1



p1,pR1

Suk,u�

Sqk,q��,
Ek

2pw2�/w�2+ 	cov pp1, w2� cov pSuk, w2�
� cov pSqk, w2�

�
 p58�

� 

6p1 cov pSuk, p1�

� cov pSqk, p1�
�

cov pSuk, p1� 6u+6eu 0

cov pSqk, p1� 0 6q+6eq
�
-1



p1,pR1

Suk,u�

Sqk,q��,
Ek

2pp2�/pR2+ 	cov pp1, p2� cov pSuk, p2�
� cov pSqk, p2�

�
 p59�

� 

6p1 cov pSuk, p1�

� cov pSqk, p1�
�

cov pSuk, p1� 6u+6eu 0

cov pSqk, p1� 0 6q+6eq
�
-1



p1,pR1

Suk,u�

Sqk,q��,
Ek

2pp3�/pR3+ 	cov pp1, p3� cov pSuk, p3�
� cov pSqk, p3�

�
 p60�

� 

6p1 cov pSuk, p1�

� cov pSqk, p1�
�

cov pSuk, p1� 6u+6eu 0

cov pSqk, p1� 0 6q+6eq
�
-1



p1,pR1

Suk,u�

Sqk,q��.
A trader k has the following expectation at t/3 :
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Ek
3pv p3��/v�+ 	cov pv p3�, p1� cov pv p3�, p2� 	0 0 6up3, 3�
 	0 6qp2, 2�

 p61�

� �
6p1 cov pp1, p2� cov pSuk, p1�

� cov pSqk, p1�
�

cov pp1, p2� 6p2 cov pSuk, p2�
� cov pSqk, p2�

�

cov pSuk, p1� cov pSuk, p2� 6u+6eu 0

cov pSqk, p1� cov pSqk, p2� 0 6q+6eq
�
-1

�
p1,pR1

p2,pR2

Suk,u�

Sqk,q��,
Ek

3pp3�/pR3+ 	cov pp1, p3� cov pp2, p3� cov pSuk, p3�
� cov pSqk, p3�

�
 p62�

��
6p1 cov pp1, p2� cov pSuk, p1�

� cov pSqk, p1�
�

cov pp1, p2� 6p2 cov pSuk, p2�
� cov pSqk, p2�

�

cov pSuk, p1� cov pSuk, p2� 6u+6eu 0

cov pSqk, p1� cov pSqk, p2� 0 6q+6eq
�
-1

�
p1,pR1

p2,pR2

Suk,u�

Sqk,q��.
4.3 Market Makers

A market maker has the following expectation at t/1 :

EM
1 pv p1��/v�p1�+

cov pv p1�, w1�

6w1

pw1,w�1�. p63�

A market maker has the following expectation at t/2 :

EM
2 pv p2��/v�p2�+ 	cov pv p2�, p1� cov pv p2�, w2�
 p64�

� �
6p1 cov pp1, w2�

cov pp1, w2� 6w2
�
-1

�
p1,pR1

w2,w�2�.
A market maker has the following expectation at t/3 :

EM
3 pv p3��/v�p3�+ 	cov pv p3�, p1� cov pv p3�, p2� cov pv p3�, w3�
 p65�

� 

6p1 cov pp1, p2� cov pp1, w3�

cov pp1, p2� 6p2 cov pp2, w3�

cov pp1, w3� cov pp2, w3� 6w3
�
-1



p1,pR1

p2,pR2

w3,w�3�.

５ Backward Induction

5.1 Period 3

A trader k maximizes

Ek
3	xk3pv p3�,p3�
. p66�

The first order condition is

Ek
3pv p3��,Ek

3pp3�,a33xk3/0, p67�

and we obtain
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xk3/
1

a33

	v�p3�,pR3
 p68�

+
1

a33

p	cov pv p3�, p1� cov pv p3�, p2� 	0 0 6up3, 3�
 	0 6qp2, 2�



,	cov pp1, p3� cov pp2, p3� cov pSuk, p3�
� cov pSqk, p3�

�
�

� �
6p1 cov pp1, p2� cov pSuk, p1�

� cov pSqk, p1�
�

cov pp1, p2� 6p2 cov pSuk, p2�
� cov pSqk, p2�

�

cov pSuk, p1� cov pSuk, p2� 6u+6eu 0

cov pSqk, p1� cov pSqk, p2� 0 6q+6eq
�
-1

� �
p1,pR1

p2,pR2

Suk,u�

SqK,q��.
By comparison with

xk3pp1, p2, Suk, Sqk�/bk03+bk13pp1,pR1�+bk23pp2,pR2�+b �
ku3pSuk,u��+b �

kq3pSqk,q��, p69�

we obtain

bk03/
1

a33

	v�p3�,pR3
, p70�

	bk13 bk23 b �
ku3 b �

kq3
 p71�

/
1

a33

p	cov pv p3�, p1� cov pv p3�, p2� 	0 0 6up3, 3�
 	0 6qp2, 2�



,	cov pp1, p3� cov pp2, p3� cov pSuk, p3�
� cov pSqk, p3�

�
�

� �
6p1 cov pp1, p2� cov pSuk, p1�

� cov pSqk, p1�
�

cov pp1, p2� 6p2 cov pSuk, p2�
� cov pSqk, p2�

�

cov pSuk, p1� cov pSuk, p2� 6u+6eu 0

cov pSqk, p1� cov pSqk, p2� 0 6q+6eq
�
-1

.

Since market makers are perfectly competitive,

p3/EM
3 pv p3��/v�p3�+ 	cov pv p3�, p1� cov pv p3�, p2� cov pv p3�, w3�
 p72�

� 

6p1 cov pp1, p2� cov pp1, w3�

cov pp1, p2� 6p2 cov pp2, w3�

cov pp1, w3� cov pp2, w3� 6w3
�
-1



p1,pR1

p2,pR2

w3,w�3�.
By comparison with

p3pp1, p2, w3�/a03+a13pp1,pR1�+a23pp2,pR2�+a33pw3,w�3�, p73�

we obtain

a03/v�p3�, p74�

	a13 a23 a33
/	cov pv p3�, p1� cov pv p3�, p2� cov pv p3�, w3�
 p75�

� 

6p1 cov pp1, p2� cov pp1, w3�

cov pp1, p2� 6p2 cov pp2, w3�

cov pp1, w3� cov pp2, w3� 6w3
�
-1

.

Therefore
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p3/a03+a13pp1,pR1�+a23pw2,w�2� p76�

+a33r6k b
�
ku3Suk+6

k
b �

kq3Sqk+z p3�,z� p3��
xkI3/bkI03+b13pp1,pR1�+b23pw2,w�2� p77�

+b �
kIu3pSukI,u��+b �

kIq3pSqkI,q��,

where

a13/a13+a33pKIbkI13+K3bk313� p78�

+a12�a23+a33pKIbkI23+K3bk323��,

a23/a22�a23+a33pKIbkI23+K3bk323��, p79�

b13/bkI13+a12bkI23, p80�

b23/a22bkI23. p81�

5.2 Period 2

A domestic trader k2 maximizes

E2
k2	xk22pv p2�,p2�
. p82�

The first order condition is

E2
k2
2 pv p2��E2

k2
2 pp2�,a22xk22/0, p83�

and we obtain

xk22/
1

a22

	v�p2�,pR2
 p84�

+
1

a22

�p	cov pv p2�, p1� 	0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�



,cov pp1, p2� cov pSuk2, p2�
� cov pSqk2, p2�

�
�

� 

6p1 cov pSuk2, p1�

� cov pSqk2, p1�
�

cov pSuk2, p1� 6u+6eu 0

cov pSqk2, p1� 0 6q+6eq
�
-1

� 

p1,pR1

Suk2,u�

Sqk2,q��.
By comparison with

xk22pp1, Suk2, Sqk2�/bk202+bk212pp1,pR1�+b �
k2u2pSuk2,u��+b �

k2q2pSqk2,q��, p85�

we obtain

bk202/
1

a22

v�p2�,
1

a22

pR2, p86�

	bk212 b �
k2u2 b �

k2q2
 p87�

/
1

a22

p	cov pv p2�, p1� 	0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�

 p88�

,	cov pp1, p2� cov pSuk2, p2�
� cov pSqk2, p2�

�
�
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� 

6p1 cov pSuk2, p1�

� cov pSqk2, p1�
�

cov pSuk2, p1� 6u+6eu 0

cov pSqk2, p1� 0 6q+6eq
�
-1

.

An international trader kI maximizes

E2
kI	xkI2pv p2�,p2�+xkI3pv p3�,p3�
. p89�

The first order condition is

E2
kIpv p2��,E2

kIpp2�,a22xkI2+b23�E2
kIpv p3��,E2

kIpp3��,a23E2
kIpxkI3�/0, p90�

and we obtain

xkI2/
1

a22

	v�p2�,pR2+b23�v�p3�,pR3�,a23b03
 p91�

+
1

a22

�,a23	b13 b �
kIu3 b �

kIq3


+p	cov pv p2�, p1� 	0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�



,	cov pp1, p2� cov pSukI, p2�
� cov pSqkI, p2�

�


+b23	cov pv p3�, p1� 	0 0 6up3, 3�
 	0 6qp2, 2�



,b23	cov pp1, p3� cov pSukI, p3�
� cov pSqkI, p3�

�


,a23b23	cov pp1, w2� cov pSukI, w2�
� cov pSqkI, w2�

�
�

� 

6p1 cov pSukI, p1�

� cov pSqkI, p1�
�

cov pSukI, p1� 6u+6eu 0

cov pSqkI, p1� 0 6q+6eq
�
-1

} 

p1,pR1

SukI,u�

SqkI,q��.
By comparison with

xkI2pp1, SukI, SqkI�/bkI02+bkI12pp1,pR1�+b �
kIu2pSukI,u��+b �

kIq2pSqkI,q��, p92�

we obtain

bkI02/
1

a22

	v�p2�,pR2+b23�v�p3�,pR3�,a23b03
, p93�

	bkI12 b �
kIu2 b �

kIq2
 p94�

/
1

a22

�,a23	b13 b �
kIu3 b �

kIq3


+p	cov pv p2�, p1� 	0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�



,	cov pp1, p2� cov pSukI, p2�
� cov pSqkI, p2�

�


+b23	cov pv p3�, p1� 	0 0 6up3, 3�
 	0 6qp2, 2�



,b23	cov pp1, p3� cov pSukI, p3�
� cov pSqkI, p3�

�


,a23b23	cov pp1, w2� cov pSukI, w2�
� cov pSqkI, w2�

�
�

� 

6p1 cov pSukI, p1�

� cov pSqkI, p1�
�

cov pSukI, p1� 6u+6eu 0

cov pSqkI, p1� 0 6q+6eq
�
-1

�.
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Since market makers are perfectly competitive,

p2/EM
2 pv p2��/v�p2�+ 	cov pv p2�, p1� cov pv p2�, w2�
 p95�

� �
6p1 cov pp1, w2�

cov pp1, w2� 6w2
�
-1

�
p1,pR1

w2,w�2�.
By comparison with

p2pp1, w2�/a02+a12pp1,pR1�+a22pw2,w�2�, p96�

we obtain

a02/v�p2�, p97�

	a12 a22
/	cov pv p2�, p1� cov pv p2�, w2�
 p98�

� �
6p1 cov pp1, w2�

cov pp1, w2� 6w2
�
-1

.

Therefore,

p2/a02+g12pw1,w�1� p99�

+a22r6k b
�
ku2Suk+6

k
b �

k02Sqk+z p2�,z� p2��,
xkI2/bkI02+d12pw1,w�1� p100�

+b �
kIu2pSukI,u��+b �

kIq2pSqkI,q��,

p3/a03+a12pw1,w�1� p101�

+a23r6k b
�
ku2Suk+6

k
b �

kq2Sqk+z p2�,z� p2��

+a33r6k b
�
ku3Suk+6

k
b �

kq3Sqk+z p3�,z� p3��,
xkI3/bkI03+b12pw1,w�1� p102�

+b23r6k b
�
ku2Suk+6

k
b �

kq2Sqk+z p2�,z� p2��
+b �

kIu3pSukI,u��+b �
kIq3pSqkI,q��,

where

g12/a11�a12+a22pKIbkI12+K2bk212��, p103�

d12/a11bkI12. p104�

a12/a11�a13+a23pKIbkI12+K2bk212��, p105�

b12/a11�b13+b23pKIbkI12+K2bk212��. p106�

5.3 Period 1

A domestic trader k1 maximizes
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E1
k1	xk11pv p1�,p1�
. p107�

The first order condition is

E1
k1pv p1��,E1

k1pp1�,a11xk11/0, p108�

and we obtain

xk11/
1

a11

	v�p1�,pR1
 p109�

+
1

a11

p		6up1, 1� 0 0
 	6qp1, 1� 0



,	cov pSuk1, p1�
� cov pSqk1, p1�

�
�

� �
6u+6eu 0

0 6q+6eq�
-1

�
Suk1,u�

Sqk1,q��.
By comparison with

xk11pSuk1, Sqk1�/bk101+b �
k1u1pSuk1,u��+b �

k1q1pSqk1,q��, p110�

we obtain

bk101/
1

a11

	v�p1�,pR1
, p111�

	b �
k1u1 b �

k1q1
 p112�

/
1

a11

p		6up1, 1� 0 0
 	6qp1, 1� 0



,	cov pSuk1, p1�
� cov pSqk1, p1�

�
�

� �
6u+6eu 0

0 6q+6eq�
-1

.

An international trader kI maximizes

E1
kI	xkI1pv p1�,p1�+xkI2pv p2�,p2�+xkI3pv p3�,p3�
. p113�

The first order condition is

E1
kIpv p1��,E1

kIpp1�,a11xkI1 p114�

+d12�E1
kIpv p2��,E1

kIpp2��,g12xkI2

+b12�E1
kIpv p3��,E1

kIpp3��,a12xkI3

/0,

and we obtain

xkI1/
1

a11

	v�p1�,pR1+d12�v�p2�,pR2�,g12d02+b12�v�p3�,pR3�,a12b03
 p115�

+
1

a11

�,g12	b
�
kIu3 b �

kIq3
,a12	b
�
kIu3 b �

kIq3


+p		6up1, 1� 0 0
 	6qp1, 1� 0



,	cov pSukI, p1�
� cov pSqkI, p1�

�
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+d12		0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�



,d12	cov pSukI, p2�
� cov pSqkI, p2�

�


,g12d12	cov pSukI, w1�
� cov pSqkI, w1�

�


+b12		0 0 6up3, 3�
 	0 6qp2, 2�



,b12	cov pSukI, p3�
� cov pSqkI, p3�

�


,a12b13	cov pSukI, p1�
� cov pSqkI, p1�

�


,a12b23	cov pSukI, w2�
� cov pSqkI, w2�

�
�

� �
6u+6eu 0

0 6q+6eq�
-1

� �
SukI,u�

SqkI,q��.
By comparison with

xkI1pSukI, SqkI�/bkI01+b �
kIu1pSukI,u��+b �

kIq1pSqkI−q��, p116�

we obtain

bkI01/
1

a11

	v�p1�,pR1+d12�v�p2�,pR2�,g12d02+b12�v�p3�,pR3�,a12b03
, p117�

	b �
kIu1 b �

kIq1
 p118�

/,
g12

a11

	b �
kIu3 b �

kIq3
,
a12

a11

	b �
kIu3 b �

kIq3


+
1

a11

p		6up1, 1� 0 0
 	6qp1, 1� 0



,	cov pSukI, p1�
� cov pSqkI, p1�

�


+d12		0 6up2, 2� 0
 	 61
2

qp1, 1� 61
2

qp2, 2�



,d12	cov pSukI, p2�
� cov pSqkI, p2�

�


,g12d12	cov pSukI, w1�
� cov pSqkI, w1�

�


+b12		0 0 6up3, 3�
 	0 6qp2, 2�



,b12	cov pSukI, p3�
� cov pSqkI, p3�

�


,a12b13	cov pSukI, p1�
� cov pSqkI, p1�

�


,a12b23	cov pSukI, w2�
� cov pSqkI, w2�

�
�

� �
6u+6eu 0

0 6q+6eq�
-1

.

Since market makers are perfectly competitive,

p1/EM
1 pv p1��/v�p1�+

cov pv p1�, w1�

6w1

pw1,w�1�. p119�

By comparison with

p1pw1�/a01+a11pw1,w�1�, p120�

we obtain
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a01/v�p1�, p121�

a11/
cov pv p1�, w1�

6w1

. p122�

6 Numerical Calculations

Now the number of equations equals the number of variables to be solved. However, it is

difficult to study the equilibrium prices and volume analytically. We see the result of the

numerical calculations in the following. We now examine in more detail the behavior of the

parameters. We focus mainly on the case where

KI/15, K1/K2/K3/5,

6u/�
1 0 0

0 0.5 0

0 0 1�,
6q/�

3 0

0 1�,

6eu/�
2 0 0

0 2 0

0 0 2�,
6eq/�

0.25 0

0 0.25�,

6z/�
1 0 0

0 1 0

0 0 1�.
While specific patterns may be vary with the parameter values chosen, the qualitative

features of those patterns are robust.

The result is

a11/0.4918408,

a12/0.3887709,

a22/0.2408513,

a13/,0.3195859,

a23/0.823116,

a33/0.3641825,

bkIu1/p0.0817214431, ,0.0020110471, 0.0007345236� �,

bk1u1/p0.080735645, 0.001371168, ,0.001101785� �,

bkIq1/p0.0955175016, ,0.0007001674� �,
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bk1q1/p0.097364687, 0.001615771� �,

bkI12/,0.07385632,

bk212/,0.07149181,

bkIu2/p,0.003214054, 0.112825774, ,0.003773137� �,

bk2u2/p,0.001378775, 0.111838170, 0.005638745� �,

bkIq2/p0.09559871, 0.09346503� �,

bk2q2/p0.09226272, 0.10370560� �,

bkI13/0.04138529,

bk313/0.04122749,

bkI23/,0.09773576

bk323/,0.1003121

bkIu3/p0.0002077511, ,0.0043496286, 0.1099177368� �,

bk3u3/p0.0001444080, ,0.0017749524, 0.1098431954� �,

bkIq3/p,0.004478454, 0.123117411� �,

bk3q3/p,0.002955102, 0.124642815� �.

In the following, we characterize an effect of the internationalization of investing on

financial contagion. We consider the case where K1/K2/K3/K , and KI/30,3K for

K/0, 1, �, 10. We are right in thinking that internationalization increases as K decreases.

The results are as follows :
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As internationalization increases,

1．the market impacts decrease,

2．the ex-ante variance of price of each country increases, and

3．the ex-ante covariance of prices between related countries increases.

When there is no international trader, the price of first country is not associated with the

one of third country.

７ Concluding Comments

We have seen a financial contagion model with time differences. In our case, an idiosyncratic

shock to other countries has complicated market impacts. Understanding the channels

through which liquidity is impacted is for future research.

Note
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