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Financial Contagion Model with Time Differences’

Ryosuke Ishii

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 X1 multivariate normally
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distributed random vector v.
v=u-+p0, (1)
where u is a 3X1 random vector of idiosyncratic shocks, € is a 2X1 random vector of

systematic sources of risk, and B8 is a 3 X2 matrix of factor loadings :

1 0
/3=<0.5 0.5). (2)
0 1
We assume that # and 6 are independent, u~N (u, 2.), 0~N (8, 24, and 2. and 24 are
diagonal and nonsingular.
There are five types of market participants : competitive market makers, K; international
traders, K(t=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
and 0 at t=0:
Sue=u+teur, eur~MND (0, 2¢,), (3)

Sor=0-+c¢eor, €oo~NND (Q, 2. (4)

u, 0, eur, and ear(k=1, 2, -+, Ki+ Ko+ Ks+K;) are independent. 2., and 2., 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 k;” represents an international
trader, and “a trader k(t=1, 2, 3)" represents a domestic trader in the country

The trade in the country ¢(¢=1, 2, 3) occurs at the period £ The international traders can
place their orders at all periods. The domestic traders k: can place their orders only at the
period t. Each trader k (k=Fk;, k) places his market order x: 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 . Formally, the order of the liquidity trader
is written by the a 3X1 random vector :

z~MND (z, 2..), (5)
where z () represents the order of the liquidity trader at period ¢ and 2., is diagonal.

The market makers have no private information. They observe the net order that all
traders place and determine the price p;. Since they are competitive, they put p: to make
equal to the expected value of the risky asset of the country ¢ conditional on their information
that they have observed so far.

At t=4, u and 0 are realized, and traders obtain their dividends. Every trader k has
NAV 4, units of riskless asset at =0, and maximizes his utility

Ur=U (NAVi)=NAVor+xr(v (1)—p1)+xrav (2)—pa) +2rs(v (3)—pa). (6)

We define some notations. Ef(-) and E?¥(-) 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 ¢

respectively.

3 Linear Equilibrium

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

1. every trader & maximizes his utility :
maxEHUy),

Tkt
2. the market makers place the price to equal to the expected value of the risky asset of
the country ¢:
pt((!)t, {Pu}uq):Eﬁw(v).

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

plw)=an+anlwi—wy), (7)
pepr, w)=aetanpr—p)+anw:—w»), (8)
Dp3p1, p2, ws)=awtapi—p)tanp—p:tasiws—ws), 9)
Zer(Sue, Sor)=bro1+ brur(Sue— 1)+ beor(Ser— ), (10)
Trop1, Suk, Sor)=brorFbrrz(pr—Pp1)+ bruel Sur— 1)+ broo Sox— ), (11)
zus(p1, P2, Suk, Sor)=brostbris(pr—Pp1)+ braslp2—p2) (12)

+ bus(Sun— 1)+ bios(Son— ),

where

pi=aa, (13)
pr=aen, (14)
w1=Kbpnt+Kibron+z (1), (15)
@2=Kibp0o+Ksbryeetz (2), (16)
@3=Kibr0s+ Ksbrost2z (3). 17)

4 Information

4.1 Ex-ante Distributions

cov (v (1), @)= (K1bepn(1)+Kibsua(1)24(1, 1) (18)
+(Klbk161(1)+K1bk161(1))26(1, 1),
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cov (v (2), p)=aul(Krbru(2)+ Kibrua(2) 242, 2)

+§<K,bk,m<1>+K1bklm<1>>zgu, 1

K ibin(2)+ Krbun(2) 2ol2, 2,

cov (v (2), wa)=(K1brpa+Ksbrazcov (v(2), p1)
+(Klbkmz(z)+bik2u2(2))2u(2, 2)

+§K,bk,5z(1>+bikm<1>)2e<1, 1

K ibunl@)+ Kobrd2)El2, 2),

cov (v (3), p1)=anl(K1bru(3)+ K1bru(3) 243, 3)
+(K1ben(2)+ Kibra(2) 242, 2)},
cov (v (3), p2)=aizcov (v (3), p1)
+anl(Kibiazt+ Kby, cov (v (3), p1)
(K 1brur3)+ Kobrua3) 2 (3, 3)
F (K 1bp,62(2)+ Kobysa(2) 2 6(2, 2)),
cov (v (3), wa)=(Krbrps+Ksbrgs) cov (v (3), p1)
+(K1brgst+Ksbrgs) cov (v (3), pa)
(K 1brus(3)+ Ksbraus(3) 22 u(3, 3)
(Kb 0s(2)+ Ksbiys(2) 262, 2),
cov (Sur, @)= 2wl Krbrpn+Kibeyun)FLis=ry, 002 eubrar, (L1 is an index function)
cov (Sor, @1)= 2 o(K1bro1+ K1biyor)+ Lik=ps, 192 bror,
cov (Sur, p1)=aicov (Sur, w),
cov (Ser, p1)=ancov (Se, 1),
cov (Sur, w2)=(K1brps+Kobrnuz)cov (Sur, p1)
+ 2l K bkuet Kobiwo) t L=ty 09 2Dk,
cov (Sor, w2)=(K1brnz+Kobrys) cov (Ser, p1)
+ 2 o(Krbr oot Kobryoo) T Lin=ry, 1920 e,b o2,
cov (Sur, p2)=a12cov (Sur, p1)+asscov (Sur, w2)
cov (Sor, p2)=a12c00 (Sor, p1)+azcov (Sor, w2),
cov (Sur, w3)=(K1brns+ Ksbrgs) cov (Sur, p1)
+(K1br2s+ Ksbrys)cov (Sue, p2)
+ 2K ibrust Ksbras) t L=y, k9 200D kus,
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cov (Ser, w3)=(K1brnz+ Ksbrgs) cov (Ser, p1) (33)
+(K1bros+ Ksbrges) cov (Sor, j)z)
2 6(K1b w03+ K3bryos) - Lin=ry, k5 20 e D103,

cov (Sur, ps)=aizcov (Sur, p1)+asscov (Sur, p2)+asscov (Sur, ws) (34)
2o =Kibiu(Zut Ze)brpn+ KAKr—1bkpn Zubrpa (35)
+ K10t 2 e)biun+ Ki(K1—1)bhun 2 ubin
+2K 1K 1bhua 2 ub i

FKibior(Z o+ 2 )bryor + Kl Kr—1)bkyo1 2 0brion
+Kibio( 2ot 2e )b+ Ki(K1—1)bk,01 2 0D ks
+2K1K b Zubrnt+ 241, 1),
Xn=ahZe, (36)
cov (1, wa)=K1brpzt Kobrys) > (37)
+K1cov (Sury, p1) Deuat Kacov (Suryy p1) Do
+K1cov (Ser,, P1) broat Kocov (Sery, D1) Drosa,
cov (p1, p2)=a22 p,F+asscov (b1, ws), (38)
Y0, =(K bzt Kaobgyoicov (b1, w») (39)
+ K 1cov (Sury, p1) bemuat Kocov (Sury, 1) bious
+Kcov (Sex,, p1) brssat Kocov (Sory, 1) Bigsa)
F Kb Zut 2 e)brne+ K K= Dbz ub sz
F Kb 2t 2 e)brguz+ KoK= Dbz 2 i k2
+ 2K 1Kobeyr 22 ubi
FKibro o+ 2e)brpet Ki(Kr—1)b 52226102
+ Kobrso X o+ 2 )brypet KoKz —1)byp2 2 6b ko2
+2K1Kobiy 2ubroet 22, 2),
> pa=a12c00 (p1, p2)Farsazcov (p1, w2)+as2 w, (40)
cov (p1, w3)=(K1brps+Ksbras) 2 p, +(Krbros+ Ksbrgs) cov (p1, p2) (41)
+K1c00 (Surs, p1) Orpst K3c00 (Surg, 1) Degus
+Kicov (Sons, p1) brwst Kscov (Sons, p1) brass,
cov (ps, w3)=(K1brps+Ksbras) cov (pr, po)+(Kibres+ Kabrgs) 2o s, (42)
+ K 1cov (Surs, p2) brust Kscov (Surs, p2) Drgus
+K1cov (Sory, p2) Dros+ Kscov (Sors, p2) Drsos,
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cov (p1, p3)=a322 5, Fazscov (p1, p2)+asscov (p1, ws),
cov (p2, p3)=azcov (p1, pa)+assp,+asscov (pz, ws),
Yo=K ibras+ Ksbigs) {cov (b1, ws)

+ K100 (Sury, p1) bins+ Kscov (Surs, 1) Drsus
+ K cov (Sor,, p1) brost Kscov (Sors, p1) Digps)
+(K1br23+Ksbrgs) (cov (P2, ws)
+ K100 (Sury, p2) brpst Kscov (Surs, p2) Degus
+ K cov (Ser,, Do) brost Kscov (Sers, Do) brass)
+Kibus Zut Ze)brust KK r— 10k s b us
+Ksbrus( ot Ze)brsus+ Ka(Ks—1)bhsus 2 ubraus
F2K Kbz ub s
Kb o 2 e )brost Ki(Ki—1)b%032 obe.os
F Kb o7 2 e )brasst Ko(Ks—1)by032 6byo3
+2K1K3bgps 2 ubriost 23, 3).

4.2 Traders

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

o (g Zall, D) .
B0 (D) =305 s gy S = (1)

261, 1) =
+ 261, D+, 1) (Sar(1)—0(1)),
Elv@)=v@t 55 Z2>(+2 ’22: g7 Su@—u(2)
L1 261, 1) _
2341, D+, 1) (Sex(1)—0(1)),
+ 1 2242, 2) e
2 2, 29+ 3.2, 2) S0,
m ZM(S, 3)

Eiv(3)=v@3)+ .33+ 2.3, 9 (Sue(3)—u(3))

>4l2, 2)
2262, 2)+ 2,02, 2)
Elw)=w:1+ [cov (Sur, 1) cov(Ser, w1)']

|ZetZa 0 } lsuk—ﬁ
0 et Ser—06]

+ (Se(2)—6(2)),

(43)
(44)
(45)
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Efpo)=p1+ [cov (Sur, p1)" cov (Ser, p1)’] (52)

Zu+26u O - Suk_;t-
0 2ot Sﬁk_g_,

Ef(w)=w2+ [cov (Sue, ws) cov(Ser, ws)'] (53)

St e, 0 |7 [Sw—u]
0 ot [Se—0]f
E¥pa)=ps+ [cov (Sur, p2)”  cov(Se, p2)’] (54)

St 0 | [Sw—u]
0 ZG+ZSg Sﬁk_gi’

E¥ps)=ps+ [cov (Sur, ps)  cov (Sﬂk, p3)] (55)

Zu+25u Suk
0 Zo‘i‘Zsﬁ Sor—

A trader k has the following expectation at =2 :

Eio@)=52+ lcov 0@, p) [0 $u2,2) 0] B0, 1) 152, 2 (56)
>m cov (Sur, p1) cov (Sor, p)'| " | pr—p1
- |cov (Suky pl) Zu+2€u 0 Suk_t_i y
cov (Ser, p1) 0 St Sor—0
Ev@3)=v@3)+ [cov((3), p) [0 0 2u.3,3)] [0 242, 2)] (57)
2 cov (Sur, p1)" cov (Ser, p1)° ! pi—p1
. COU(Suk, pl) Zu+25u 0 Suk_ﬁ ’
cov (Sor, p1) 0 2ot 2, Sor—0
Efw2)=w2+ [cov (p1, w2)  cov (Sue, w2)"  cov (S, w»)'] (58)
20 cov (Suk,pl)’ cov (Soe, jh)' ! pri—p1
c|cov (Suk, pl) Zu+25u 0 Suk_;t ,
cov (Sor, p1) 0 DI DI Sor—0
Eg(pz)zﬁz‘i‘ [cov (p1, p2) cov (Sue, Pz) cov (Sor, pz)] (59)
> cov (Sur, p1)° cov (Ser, p1)’ o pri—h1
- |cov (Suk, ]71) Zu+25u 0 Suk_ﬁ y
cov (Sor, p1) 0 2ot 2, Sor—0
EXps)=ps+ [cov (p1, ps)  cov(Sur, ps) cov(Sor, ps)’] (60)
> cov (Sur, p1)’ cov (Ser, p1)| " pri—h1
“leov (Sur, p1) 2wt e 0 Sur—u|.
cov (Ser, p1) 0 PRI Sor—0

A trader k has the following expectation at t=3:
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Eiv@)=v+ [cov(v(3), p1) cov(w(3),p>) [0 0 2u3,3)] [0 242, 2] (61)
>h cov (py, p2) cov (Sur, p1)° cov (Sar, 1) | pr—p1
cov (p1, p2) DI cov (Sur, pz) cov (S, Pz) pa—po
cov (Sue, p1) cov (Sur, p2) 2t e, 0 Su—u|
cov (See, p1) cov (See, p2) 0 DR DI Son—0

Ekps)=ps+ [cov (p1, ps) cov (ps, ps)  cov (Su, Ps)’ cov (Ser, Ps),]

(62)
> cov (p1, p2)  cov (Sur, p1)" cov (Ser, PV | | pr—p1
cov (p1, p2) N cov (Su, p2)" cov (Sex, p2) pa—po
cov (Suk, Zh) cov (Suk, Pz) Zu+25u 0 Suk_@_t ’
cov (Soe, p1) cov(Ser, p2) 0 2ot 2., Sor—0
4.3 Market Makers
A market maker has the following expectation at t=1:
Bt W)=+ L0 g (63)
A market maker has the following expectation at =2 :
E¥(v (2)=v(2)+ [cov (v (2), p1) cov(v(2), w2)] (64)
Sp covlpy, 0| [ pi—pu
cov (jh, w32) Z(uz Wr—wal|
A market maker has the following expectation at t=3:
E¥(v (3)=v(3)+ [cov (v (3), p1) cov (v (3), p2) cov(v(3), w3l (65)
o covlp, p) cov(py, )| | pi—p.
- cov (p1, p2) s, cov (p2, ws)| | pa—p2 |.
cov (p1, ws) cov (P2, ws) I Ws— W3
5 Backward Induction
5.1 Period 3
A trader k maximizes
Ef¥xwv (3)_1'73)]. (66)
The first order condition is
§(U (3))_E§(ﬁ3)_a331’k3:0, (67)
and we obtain
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1 - _

Ik3:7%[v(3)_ﬁs] (68)

+a%3([cov(v(3),p1) covw(3),p2) [0 0 23,3 [0 X2, 2)]

—lcov (p1, pa)  cov(ps, ps)  cov(Su, ps)° cov(Ser, ps)))

1

> cov (p1, p2)  cov (Sur, p1)° cov (Sar, p0) | | pr—p1
) cov (p1, p2) 2 cov (Sur, p2)" cov (Ser, p2) ) b2—p
cov (Sur, p1) €0V (Sur, p2) 2wt 2o, 0 Sur—u |

cov (Ser, p1) cov (Ser, p2) 0 2ot Sox—0

By comparison with
Zr3p1, P2, Sur, Sor)=DbrosTbriz(pr1—p1)+ bras( 2_52)+b;eus(suk_ﬁ)“‘b;ws(sﬁk_g), (69)

we obtain

[br1s brzs Drus  Dresl (71)

—i([cov(v(B),pl) cov(w(3),p2) [0 0 2u3,3)] [0 242, 2)]

ass

—lcov (py, ps)  cov (pa, ps) cov(Su, ps) cov(Ser, ps)))

-1

2 cov (p1, p2)  cov (Sur, p1)° cov (S, p1)’
cov (p1, p2) I cov (Su, p2)" cov (Sex, p2)
cov (Sus, p1) cov(Su, p2)  2Zut2e, 0
cov (Sor, p1) cov (Ser, p2) 0 20t 2.,

Since market makers are perfectly competitive,

Pp3=E¥w (3)=v(3)+ [cov (v (3), p1) cov (v (3), p2) cov(v(3), ws)l (72)

20 cov (p1, p2) cov (pr, w3)| " | pr—p:
| cov (p1, p2) 20, cov (P2, ws) p2—b2 |.

cov (p1, ws) cov (ps, ws) I Ws— W3

By comparison with

D3P, P2, wa)=amstapr—p1)taznp—p)tasniws—ws), (73)
we obtain

ai=0(3), (74)

[dls az3 dss]:[COU (U (3), Pl) cov (l) (3), Pz) cov (U (3), a)a)] (75)

> cov (p1, p2) cov (p1, ws) -
- | cov (p1, p2) IR cov (P2, ws)
cov (p1, ws) cov (P, ws) pIP

Therefore
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ps=a

st apr—p) T aslw:—w?)

+ass<§b;u35uk+ ;b;eessek‘h? (3)—z (3))

l’k,3:b

r03FBup1—p)+Bslwe—ws)

+ b Sur;— %)+ 0103 Sor,— ),

13

:al3+a33(K1bk113+K3bk313)
+alz{a23+QSS(KIbk123+K3bk323)},

61’23:022{6123‘|‘6133(K1bk123+K3bk323)},
313: bk113+a12bk123,

,823:a22bk123-

eriod 2

A domestic trader k» maximizes

The first order condition is

and we obtain

Ten=" ~[0(2)=p:]

+ L lleov(0(2), p) 10 Tu2,2) 0] BE1, 1) 1542, 2]

22

—cov (p1, p»)

Zl’l
- cov (Sur,, P
cov (Sen,, p

By comparison with

we obtain

Lrp2(P1, Sursy Sory)=bry02Fbenalp1—p1)+ Deia(Sury— 1)+ bryps(Sor,—0),

11
bkzoz_azzv@) A2z

E¥xr,0(v (2)—po)l.

Egz(l) (2))E§2( 2)_022xk22:0,

cov (Sur,, p2)” cov (Sor,, p2)))
cov (Suk,, jh)’ cov (Sor,, jh)’ - pi—p1
1) Zu+25u 0 } Sukz_;t .
) 0 Zg+zeﬁ Sakz_g

— Do,

[bkzlz b;zzuz b;ezﬁz]

=Y eon (0 @)
a2z

—[cov (p1, p2)

,py) [0 2.2, 2) 0] [520(1, 1) %ZH(Z, 2)]]

cov (Sur,, p2)" cov (Ser,, p2)))

(79)
(80)
(81)
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> 0V (Suy, p1) cov (Sony, p1)| ™"
“|cov (Suryy 1) Zut e 0
cov (Sor,, p1) 0 2t 2,

An international trader k; maximizes
E§r,0(0 (2)—pa)+2r,5(0 (3)—ps)l. (89)
The first order condition is
(v (2) = E3(p2)— azsxe ot Besl ES (0 (3) — E3/(ps)} — atzsE 5 (21,3 =0, (90)

and we obtain

l’k,z:%22[5(2)_524‘523{5(3)_‘53}_0(23503] (91)

1 , ,
+7[—a23[,313 bk1u3 bk,ﬂa]
az2

+(eov(®(2), pr) [0 2u2,2) 0] [1Xu(1,1) 1342, 2)]
—lcov (b1, pa)  cov (Sur,, p2) cov (Sor,, p2)]
+Badcov (v (3), p1) [0 0 2u3,3)] [0 242, 2]l
—Baslcov (1, ps)  cov (Sury, ps) cov (See,, ps)]

—azaBalcov (pr, wz)  cov (Sue, w2) cov (Ser, ws)])

rf—1

> cov (Surs, p1)° cov (Sers, p1) pri—hr
“|eov (Sue, p1) Zut e, 0 P Sue,—u |
cov (Soe,, p1) 0 2ot 2, Sor,—0
By comparison with
l’k,z(ﬁl, Suk,, Sok,):bk,02+bk11z( 1_ﬁl)—l_b;emz(sulu_7;)+b;2102(50k1_9), (92)
we obtain
1 — _ _ _
bk,ozZTm[U(z)_Pz+st{U(3)_173}_&’23,803], (93)
(benz Dipz Do) (94)

1 , ,
:7{—0(23[,313 bk1u3 bk163]
a2z

+(cov (0 (2), p1) [0 2u(2,2) 0] 12«1, 1) 1342, 2)ll

—lcov (p1, ps)  cov (Sur,, p2) cov (Ses,, p2)']
+Bzlcov (w(3), p1) [0 0 2u3,3)] [0 242, 2)]]
—Baslcov (p1, p3)  cov (Sue,, 173), cov (Sor, Pa)]

—azfalcov (pr, ws)  cov (Sur;, w2)" cov (Ser;, w2)')

-1

> cov (Sury, p1) cov (S, p1)
- | cov (Sukn pl) Zu+25u 0 }
cov (Soz,, p1) 0 20t 2,
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Since market makers are perfectly competitive,

p2:=E¥ (2)=v(2)+ [cov (v (2), p1) cov (v (2), w>)] (95)
2 cov (p1, w)| ™" [ p1—pn
cov (p1, w») I Wr—wal|
By comparison with
pop1, wa)=aetTailpr—p1)Fasnlws—w2), (96)
we obtain
00225(2), (97)
a1z asxl=lcov (v (2), p1) cov(v(2), ws) (98)
> cov (pr, wo)| ™
cov (p1, ) I
Therefore,
pe=ap+riwi—wi) (99)
a2 SbhaSut ZbinSutz(2)~7 (),

-rkﬂ:bk,oz"‘éu(wl_(zl) (100)
+b;e1u2(suk1_7/_t)+b;2102(80k1_9),

ps=antaniwi—w) (101)
+0(23<Zk:b;euzsuk+zk:b;aazsok+2 (2)_5 (2)>
s ZbisSut ShinSu+z(3)—7 3),

Zr3=br3+Bralwr—w1) (102)
+,823<§b;euzsuk+zk:b;eozsﬂk +z (2)_2 (2)>
+b;e1u3(suk1_7/_t)+b;zn93(sﬂk1_9),

where
T12:ﬂ11{a1z+dzz(K1bk,12+bik212)}, (103)
512:(111bk,12. (104)
ar=anla+as(Kibrie+ Kaobe,s), (105)
,812:all{,813+,823<K1bk112+K2bk212)}- (106)
5.3 Period 1

A domestic trader k; maximizes
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E¥xpalv (1)—po)l. (107)
The first order condition is
EHw(1)—E¥p1)—anxe:1=0, (108)
and we obtain
Zen=—[5(1)—pul (109)
an
+ (41,1 0 0] [£41,1) 0]

—lcov (Sur,, p1)° cov (Sor,, p1)°)

it e 0 | [Su—u
0 264—255 Sﬁkl_p

By comparison with

l‘kll(Sukl, Sﬂkl):bk101+b;21u1<suk1_7/_i)+b;2101(86k1_§), (110)
we obtain
bklolzi[a(l)_ﬁl], (111)
an
(Drr Dy (112)
- Lz 0 o (a0 o

—lcov (Sur,, p1)" cov (Ser,, p1))

Tt o |
0 2o+,

An international trader k; maximizes
Etxrav (1)—p1)+xrelv (2)—p2)+xrsv (3)—ps)l. (113)
The first order condition is
Et(v(1)—Et(p)—anzen (114)
+0lEN (0 (2)—Ef P2} — 712282
+B1lEf (v (3)—E(ps)l — aroxrs

:0’
and we obtain
1 — _ _ _ _ _
Ikﬂ:aiu[l)(l)_‘bl“‘élz{l)(2)_P2}_7’12502“‘/312{1)(3)_173}_0112[303] (115)
1 , , , ,
+7{_7’12[bkm3 bk,ﬂs]—a’u[bk,us bk163]
an

+({([Z.1,1) 0 0] [Zs1,1 ol
—lcov (Su,, p1)° cov (Sex,, p1)]
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+0.dl0 22, 2) 0] [1241,1) 1242, 2)]

—012cov (Sue,, p2)° cov (Sory, p2)]
—712012c00 (Sur;, @1) cov (Sor,, 1))
+B8:ll0 0 2.3,3)] [0 242, 2)]
—Budlcov (Sues, p3)° cov (Sery, ps)']
—aPislcov (Sur,, p1)° cov (Ser,, p1)]
—afeslcov (Sue, w2)" cov (Sor,, w2)'))

Zu+25u 0 :|_1 lSukI_ﬁ

0 2ot 2e, Sak,—a ’

By comparison with

xk,l(Suk,, SﬁkI): bk101+b;a,m(Suk,_t_t)"‘b;z,m(Sek, - 9), (116)

we obtain

1 [5(1)_51"‘512{5(2)_52}_7’12502"‘[312{5(3)_53}_0(12,303], (117)

brom=——
! an

Doy Drsorl (118)

=_%[b;m3 b;e,as]_%[b;ems b;e,os]
1
+ 11([[Zu(l, 1) 0 0] [24(1,1) 0]

a
—lcov (Sur,, p1)° cov (Sery, p1)’]

+0ull0 2u2,2) 0] [1241,1) 1242, 2)]
—012dcov (Sury, p2)° cov (Sory, p2)]
—712012c00 (Sury, 01)" cov (Sors, @1)']
+Bull0 0 2u3,3)] [0 242, 2)]
—Brzlcov (Surs, ps)” cov (Sry, p3)]
—aPislcov (Sur, p1) cov (Sers, p1)']

—a15B2:lcov (Sur,, w2) cov (Sor,, w2)')

Zut e, 0
0 ZB"_ZE(;

-1

Since market makers are perfectly competitive,

_ cov (v (1), an)(

p1=EfwQ)=vD)+ 5 1—w). (119)

By comparison with
pilw)=an+anlwi—wy), (120)

we obtain
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00125(1), (121)

_cov(v(1), wy)
6111—7Zw1 . (122)

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
K;=15, K,=K,=K;3=5,
1 0 0

2.=[0 0.5 0|,
0 0 1

3 0
>0= ,
"o 1}
2 0 0
>.,=0 2 0],
0 0 2
0.25 0

0 0.25
10 0

2:=|0 1 0}
0 01

While specific patterns may be vary with the parameter values chosen, the qualitative
features of those patterns are robust.
The result is
@11=0.4918408,
a12=0.3887709,
a22=0.2408513,
a13=—0.3195859,
a23=0.823116,
a33=0.3641825,
by =(0.0817214431, —0.0020110471, 0.0007345236)’,
b1 =(0.080735645, 0.001371168, —0.001101785)’,
br,01=(0.0955175016, —0.0007001674)’,
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b =(0.097364687, 0.001615771)’,
brn2=—0.07385632,
brj2=—0.07149181,
bru2=(—0.003214054, 0.112825774, —0.003773137)’,
bru>=(—0.001378775, 0.111838170, 0.005638745)",
b#.6:=(0.09559871, 0.09346503)’,
b1y02=(0.09226272, 0.10370560)’,
br13=0.04138529,
br13=0.04122749,
br2s=—0.09773576
brses=—0.1003121
bru3=(0.0002077511, —0.0043496286, 0.1099177368)’,
braus=(0.0001444080, —0.0017749524, 0.1098431954)",
bro3=(—0.004478454, 0.123117411)’,
brys=(—0.002955102, 0.124642815)".
In the following, we characterize an effect of the internationalization of investing on
financial contagion. We consider the case where Ki=K,=K;=K, and K;=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
“This research is supported by Grant-in-Aid for JSPS fellows.

Reference

Caballe, Jordi & Krishnan, Murugappa, 1994. “Imperfect Competition in a Multi-security Market with
Risk Neutrality,” Econometrica, Econometric Society, vol. 62(3), pages 695-704, May.



