28 1 ,2015 1

Vol.28 No.1, Jan. 2015 JOURNAL OF NINGBO UNIVERSITY ( NSEE )

315211

P AR T B RIT RAH| S AR A T AR 2 8] 89 AR T A BRI s 19 AL B RS 3 7
o He it BBy AR5T KRH 6 LT A B 3, 152] T AWM G 6936 202 200 R AEN F 49 e x

TR EARE R, EREY: TH

=)

22 5%

AR A5 RAMAL TR A MK R,

Fri8 i R A

ST T AR TG A F et e R T R H S R R R R BRI R0 £ A

D R AR, BRI FRECEOR R4

: 0211.9 A : 1001-5132 2015 01-0058-07
Markowitz!" Andrew !0
Browne”!
.Yang P!
4 , Bauerle (12]
. Bai ¥
. Elliott !
[6]
Ly W [14-15].
R Heston™! Bauerle ! ,
, [6]
Hardy"” , [6]
s 500 >
ARCH
1 2013-12-07. : http://journallg.nbu.edu.cn/
: LQI2A01006 ; 12YJC910009  ; 2013A610106 ;
Y201120129 .
1982 ., s / . E-mail: wangwei2@nbu.edu.cn



1 , 59
1 aY .
n, n=4a,
2 Rt
dR, = (1+0)Auds —
(‘QaFa(E)ze[o,T]DP) 2 N,
, B, (1+mAu(l-a,)di-ad) Y, 3)
S, [0,7] -
2 ,
, [2,16],
£~ er ¢ dR = (14 0)Audi — (1 + ) Au(l-a,)d
X:{elae2""’eN} s ei:(oaoa"" t_( * ) /u t_( +77) IU( _at) [=
0,1,0,-,0)" i 1, 0 a,Audt — fa,dW,, “4)
. 2 _ 2
Q (qij)i,j:l,Z,n-,N’ . ﬂ _15 7ﬂ>09 gn VI/]& W2
0 B , (4 :
S th = /1#(77‘1; -n + H)dt - ﬂathVZt . (5)
dB, = rBdt, (O
ds, =S, (b,dt+o,dW,,), 2)
f f HJB ,
LW, (2,F,P)
; r>0 ; bé_ , O,
t t t te
’ 0,71, =, t
, &=e, b.=b, o,=
' ' S , 1-m,
o,. , L, =1.
A B )
) Rf
A N, , X™={X"1), 0<t<T}
Ri=pt-)Y, e a
i=1
p>0 5 ’ 7,a
a T X"t
N, , A, N, [0,7] dx™ (t)=—()dSt+
Y i ’
> (1-7)X™ (1)
{Y],Yz,- '>YN} ‘ dBt+th’
N, t
'Y g , Wt . a
PR 2 0.2 &) X0
Y- ,L[, 5 B Ta ,a T,.a
! X () =[r X" () + 7, X7 (1)
p=(1+0)iu, (bgl —r)”—i; /”L;;(na[ —77+(;9)]dt+ .
- 09>0 Gs,ﬂ-tX (t) I/Vlr_ﬂat VVZt' ( )
’ ’ (7,,a,) . {m:a,0<t<T} F
’ L 0<q,<1.  E[f mldi<w]. M
, U:(0,0) > R
0<at<1 5 U 5
t t D) b (ﬂ-t!at)
Y , ,
(l_at)Y > ) 16[1323“ 7N]



2015

60
sup E[UX™(T)|X™()=x,6,=¢], (7) 0,
(7, ,a,)eM
. . b —r)G.
Xﬂ,a (t) (6) i E[.|Xﬂ,a (t) — x’gt = ei] V4 (t’x’l) = —(’2#’
o, xG_
X™WM)=x,6=¢, ,
t x>0. a*(t,x,i)z—/i’ti—’éG‘,
V(txi)= sup E[UCX™(T)| X™(1) = PO
(7a)em z(t,x,0)  a'(t,x,i) HJB
x,& =¢€], ® ) 2.2 2 2
! G, +mxG, — (& ];) +/1 ,u277 i—xl,u(f]—
HJB ’ 20—1’ 2ﬁ Gxx
(ﬁ?:l)gm{fﬁ +[rx+ 7 x(b, —r)+ Au(na, - 0G. + > q,(Gt,x,j)~G(t,x,) =0,
Jje[1,2,+4N1]
2 2.2 2 2
n+)V. +0.5(c;m;x" + pa )V, + G(T,x,i)=U(x).
> V(X )=V (tx,D]}=0, (9 , .
jel1,2,+N1
. 2 HIB G(t,x,i) >
: V(T,x,i)=U(x), v., V. V.
’ K>0 le N, 0<t<T
V(t,x,i) r x ] ;
|G(t,x,1)| < K(1+|x|), G>0, G, <
’ 0, ®) V(t,x,i)=G(t,x,i),
h™(t,x,0) =V, +[rx+ m,x(b, —r)+
Au(na, =+, +1/2(c]x!x*+ Ba] WV, + b —r)V.
7 (t,x,0) = ———x, 11
S 4, (Ftx )~ V(tx.0)). (10) R (ah
Jjel1,2:+,N]
[12] 1 > _/leZVX <1 ,
’ ’ a*(tx,i) == 2207 (12)
9 ﬂ V‘()C
[12] 1 , :
s ) . (b _r)Z /12/12772 V2
- i ViV, - — + ===
1 ie[l,2,--,N], G(i) e L +rxl, { 207 aRlA
c? HIB (9 K>0 leN,
. ’ Au(n— 0)V, +
0<t<T |G(t,x,i)|<K(+|x[),
_ > q,(V(x)-V(Lxi)=0.  (13)
je[1,2,-,N]
) ie[l,2,,N],0<t<T xeR", 5 .
G(t,x,i)=V(t,x,i). AunV
/U77 X * ;
2) ie[l,2,---,N],0<¢t<T xeR", _ﬂ2—V<1 O<a(txi<l.
(ﬂ*,a*) h™(t,x,i) ,
G(t,xi) = V(t,x,0) =V (t,%,1), 3
V(8 x,0) =
E[UX™“ (D) | X" (t)=x,6 =¢,].
b (ﬂ 7a ) U(x):c_ke—;/x,
Ve

HIB ©  Glxi)
G.>0,G, <0. (10) T.a

:y>0,k>0.
7



_ U (%) Ito's :
—. ,
v g(T.&;) = g(t,i)+jt g,(s,6,)ds +
HIB , 2]
D [g(s.6,)—g(s.6)], (22)
. 1<s<T
G(t,x,))y=c—(k/y)e ™" "g(t,i), (14) (20)
G(T,x,i)=U(x), g(T,i)=1. , g./(s,8)=m, g(s,&,)~
K>0 IleN, 0<t< Ayu(n—0)e" "V g(s,e,) -
T, |Gtxi)|<K(+|x]) G>0, G <O. z q,,[g(s, /)~ g(s,6)1=0, (23)
G(t,x,i) , 3 Jel12:+N]
G(t,x,i) . G(t,x,0) t g(T,e)=1
’ X E|: Z [g(5755+)_g(sags)] gz:eij|:
. 1<s<T
- _ —;/xe"(T") N T .
G =~kly)e™ &t E{J > g, le(s.))-gls.8)Ksle,= e}
erer(T—t)efyxe’(T’”g(t’ l) , (15) Jel1.2,+N]
(23) 22), g =c
G =ke" ™" g(1,i), (16) :
r(T—t —yxe" T .
G, =(~kye™ "™ )e 7 g(t,0), (17) 1= g(t,i)+J‘tTE[mgvg(s,8s) |, = e]ds —
G ,G, ,G, (13) , T -
[ ELun—0)e"g(s,¢,) |5, = ¢ 1ds,
i-| & ) A (t,i)+ l
& 20} 25 £ .
o g(ti)=
Ayu(n —0)e’" Vg(t,i)+ r s
5 Elexp{] (=m, +Ayu(n—0)e'™ ")ds} |
qi'[g(t’j)_g(t’i)]:()v (18) (Tt
N g =e]=exp Ayl = )" ~1) _
t i ’
AV 2.2 2 r (b )
=(b£/ r) +/1 u'n , (19) 22080 (T 1) . [ -
g 20-52 2ﬁ2 2,82 e gt - ei
g(t,0) .
. . r(T—-t) . (21) g(t7l) B
g (i) —mg(t,i)+ Ayu(n—O)e™ "g(t,i) +
q;[g(t, j)—g(t,i)]=0. (20) r
jE[1;~,N] ! Ji= L 1 u;;e,.}ds J
g(t,0) € [2,T] ,
[12] I, ,
[12] ) JT—(bguz—r)zdu if(b,fg)zj
Ele ™ |g=e¢|=E|le” 7 |g=e|,
1 g(t,0)
. Ayp(n = 0)(e" ™ 1) 24)
t,i)= -
g( ol) exp{ r (24) R gl = ei , =
(b, Y (J, s y) (24)
2,2 20m [ —5—du
%}E e g =e|.21) . 7 . J ,



62 2015
) £ 2 R =02,
JT-<bsuz-’)2 " n=0.25, Y, #=0.1,
Ele’ ™ |g=¢|= A=2, 2,
6°=05, p=NA6"=1,T—-t=5 t
—(b=r*Jy (by=r)*(T=t=J}) +=10.
Ele ™ 2 le, =e, 1
”*(t’le) b
& =€ H Jl ﬂ*(f,x,l) € 5
, [18].
3 ’ 0.50
0.45
_ ~r(T—1) 040
ﬂ-*(t:xﬂi):(bi#’ - 035
xXyo; =030
/I,un < ?/ﬂzer(T—r) T 025
; i 5 020f
a*(t,x,i)=me—2, 0.15}
7% 0.10}
0.05 : : : : ‘
0.02 0.03 004 005 006 0.07
koo "
V(taxal)_c__e 4 g(tal)a 1
. 7' (t,x,1
o og(ti) (21). ( )
g(t.i) @n 1 ! , ’
(14) G(t,x,i) HIB >
g(t,i)>0, (16) (17) ’
G >0 G, <0. ’ ’
(Glxi) | < maxie, S g1y < ’
e )
k r(T—-t) .
max{c,—(1+ye™ "x)g(t,i)},
v , Y )
g(1,0) , x>0,
K>0, G(t,x,i) < K(1+]|x]). 2 1% , ,
, V(t,x,i) =G(1,x,0), (16) (17) (11)
(12) , 3 2
’ t7 32 2
4 * 7' (1,x,2)
7' (t,x,2) e
Matlab ,
r 4 1 ,
7' (t,x,2) )
e 7 (t,x,2) . 2 7' (t,x,2)
b=0.1, 0,=02; 1, =tx2)>1
€ 5

b,=0.08, o, =0.1;



1 , 63
, a’(t,x,1)
a’(t,x,2). ,
Q B
A
e
S >
, a(t,x,i)
0.0 ‘ : : : :
0.02 0.03 0.04 0.05 0.06 0.07 V4 ,
r
2 . a’(t,x,i)
7' (t,x,2)
. SH
, 1 2 x2)> 5 HE
ﬂ.*(taxal) B ez B
. , e, ’
b, =0.08, e
b =0.1,
€ )
e, o,=0.1, p
e 0,=02, , ’
> € ¢
e,
)
a’(t,x,i) 3 3 d'(t,x,0)
e [1] Markowitz H. Portfolio selection[J]. Journal of Finance,
, a’(t,x,i) 1952, 7:77-91.

b

a(t,x,i),

0.12
0.11
0.10
0.09
0.08
0.07
0.06
0.05
0.04

(t,x,1)

a=

0.02

1-a*(t,x,0).

—=— =04

0.03

0.04  0.05

a’(t,x,i)

0.06

0.07

Browne S. Optimal investment policies for a firm with a
random risk process: Exponential utility and minimizing
and probability of ruin[J]. Mathematics of Operations
Research, 1995, 20(4):937-958.
Yang H L, Zhang L H. Optimal investment for insurer
with jump diffusion risk process[J]. Insurance: Mathematics
and Economics, 2005, 37(3):7615-7634.
[31.
, 2005, 22(5):708-712.

Bai L H, Guo J Y. Optimal proportional reinsurance and
investment with multiple risky assets and no-shorting
constraint[J]. Insurance: Mathematics and Economics,
2008, 42(3):968-975.

, . [.

, 2009, 30(159):31-34.

Yi B, Li Z F, Viens F G. Robust optimal control for an



64

2015

insurer with reinsurance and investment under Heston’s
stochastic volatility model[J]. Insurance: Mathematics
and Economics, 2013, 53:601-614.

[8] Heston S L. A closed form solution for options with
stochastic volatility with application to bond and currency
options[J]. Review of Financial Studies, 1993, 6:293-
326.

[9] Hardy M R. A regime switching model of a long term
stock returns[J]. North American Actuarial Journal, 2001,
3:185-211.

[10] Andrew A, Bekaert G. Regime switches in interest
rates[J]. Journal of Business and Economic Statistics,
2002, 20:163-182.

[11] Andrew A, Bekaert G. Short rate nonlinearities and
regime switches[J]. Journal of Economic Dynamics and
Control, 2002, 26:1243-1274.

[12] Bauerle N, Rieder U. Portfolio optimization with
Markov-modulated stock prices and interest rates[J].
IEEE Transactions on Automatic Control, 2004, 49:442-
447.

[13] Elliott R J, Siu T K. On risk minimizing portfolios under
a Markovian regime switching Black-Scholes economy[J].
Annals of Operations Research, 2010, 176(1):271-291.

[14] Sotomayor L R, Cadenillas A. Explicit solutions of
consumption investment in financial markets with regime
switching[J]. Mathematical Finance, 2009, 19(2):251-
279.

[15] Rieder U, Bauerle N. Portfolio optimization with
unobservable Markov-modulated drift process[J]. Journal
of Applied Probability, 2005, 42(2):362-378.

[16] Harrison M J. Ruin problems with compounding assets[J].
Stochastic Processes and their Applications, 1977, 5:67-
79.

[17] Buffington J, Elliott R J. American options with regime
switching[J]. International Journal of Theoretical and
Applied Finance, 2002, 5:497-514.

[18] Yoon J H, Jang B G, Roh K H. An analytic valuation
method for multivariate contingent claims with regime-
switching volatilities[J]. Operations Research Letters,
2011, 39:180-187.

Optimal Policies on Investment and Reinsurance Based on

a Markov Regime Switching Model

WANG Wei, GAN Shao-bo
( Faculty of Science, Ningbo University, Ningbo 315211, China )

Abstract: The problem of optimal investment and reinsurance policies based on a Markov regime switching
model is studied. The dynamics of a risky asset is assumed to follow a Markov-modulated geometry Brownian
motion, and an optimal investment and reinsurance policy by maximizes the expected exponential utility of
terminal wealth is obtained. The results indicate that regime switching has a significant effect on the optimal
investment strategies. In the end, the numerical analysis is provided which presents the effect of the market
interest rate and absolute risk aversion parameter on the optimal investment and reinsurance policies.
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