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Abstract; The optimal reinsurance-investment strategy for an insurer with an exogenous liability is con-

sidered. Assume that the aim of the insurer is to maximize the expected exponential utility of the terminal

wealth; the surplus process of the insurer follows a diffusion model while the risky assets’prices and the
exogenous liability are governed by geometric Brownian motions. By employing the stochastic dynamic
programming, the closed form of the optimal reinsurance-investment strategy and the optimal value func-
tion are derived under two cases: (i) the insurer can invest in a financial market and purchase propor-
tional reinsurance or acquire new business, (ii) the insurer can invest in a financial market and purchase
proportional reinsurance, but not acquire new business. Finally, a numerical example is given to show
the impact of the exogenous liability and the market parameters on the optimal strategy.

Key words: portfolio; reinsurance; asset-liability management; utility maximization; exogenous liability

AR, AR EIRRE T RRA TR WE YRR MR Ao, —s
DRI 5 BV 1) BB E R OO PRIBRE B BT 2B TIR T AR % T RS2 7 B S e PR K45
A, HpEE K BAREEE BRI AT LS VAR e, A 44 R Markowitz

+ WFEEHA. 2011 -06 29
E&WH: BRAHEFEREEERETE (70825002) ; E%K 973 HRIFK BT E (2007CB814902) ; 2011 4FFEH 1L
KNS SR FFELURR L BRI H; HEEHERZESRBME (2011M501351)
BN 2R (1984 4) , &, #d4; BWIESR: 2K, E-mail: Inslzf@ mail sysu. edu. cn




2 PR FER (BRI

51 %

B 2 A R PR A T B B AR

PSR, ARG B S A AT e T i 7
e HRIDANDZEEPR TREE R A6
B, Hign, 3C (9] BR5ET milm S G B H
FERS TS I3 -O7 22080 T i SR WE Il A,
SRR T LU AR SR AMERY; SC [10 -11] #F
I8 T VLRI (W) E- 7 AR R T A AN BB R E
WL IR 30 [12 - 13 ] K37~ 2 U 28 )
R ERNLR BT IEE, BORETR A
J7ZEWENIAE H AR Lo SCRR b i IR 35 7 4 A
BRI A iz 3l , A B ey LA A BiE 3l
W AT a2 . 734, 3C [14] BRI T &
HEME W RIS (B - 77 22 1 JU) 4 2 I I 5 7= 40 o 4 2
AL, )

X AT S, —Jm, mTREA R
AT LR DR B ARSI B AR RIS 2 R N A £
o 3C [15] MRE TRAAR IS B AR RIS 1R 61t
A&, A RGES TSI, HARM XL
ARERSERXT M, B —JrTE, PRI RIEFR BT
ARG, 0SC [16] 58T RR AR E i F1 FR A
55 DRI 23 ) (9 f5e 6 LU PG 6 5 BBCA 0 i 1 AL
R, W5 b A S5 G B 52 2 ) 9 5 D0-FEF AR -
B LA R A S . R, BRI
I SR AR OR B 2 BT R I B SO AN £ 3
(171 DB A 050487 0 FR BE RS 17 AR Bz 24 ] ) 7
A BT AIBCBE SN . SC (18] BFFE T B T [ HESL
TREA RIS G, 3¢ [19] B0 T ik
S DAY BRI 2 7 B B e AT 28 BB R

LA bSOk R i T AR A R S B
IR, BRI T RIS m TG A1 A B T A 4% B
A, MBABIEERI . FE L, HRERRR
ST ST RN B — P AT B o R B F T A1
ARSI, O SR A7) e XL 4 A 2
o SETFUE, AT HRADRNZ=H, KFE
THEHEEMERGRRE T, REAFWTE—
TSR AT B P 8 B AR BB SR, AR
LRI R I AR RO o UKL HE 7= RN A1 AE 57 5
Pl ILMAA B s ZIE, BARRNY BUHEE, 12
RELBIAS AR Tk, 1930 T SR LB AH R
1 R AT =

ASCHMINT, 5 A B TR,
ST BRISZS F B B A R LA S R P RIS AE £
BHIEhE TR, =W RAEEDREE, B4 h ARk
23 R PRI SR M AT AN R BRI, TR M AE B
BRSPS 2 ) ) R PR -5 0 SRS F) SR A i 2 A

Fefr Rk = 58 00 9l ol 1 ik 1 4h
A5 S TG SBON BRARS 5 BB R 70
Uy

HRETEBMMESE (O, F, { Fifogar,P),
HP THEREFH, RritnkE;, 7%
IREISZ) ¢ Ak FFRAR M B ER, B ¢ ppoR
FETERR Foo TICPFTEI AR RN TR N &
NMAE MR 2 (8] b 38 Ny L AR

HE BRIV A AR FH AR, BRI
S T B AR AR ¥ /e ARSI (1 -
4, 8], RMY BB Z W RIS A R B AR TR,
B dR(t) = pdt + adWo(t) , Hip, u>0 KL
FRRTB R 55 oy > 0 IR PRI 55 1Y KUK K
s AW, (o)} —4ibrilA i s,

RBERT i 1 D TEREEH T 5 0 A%
PR TERBR = A S AR AR I R

dpo(t) = 1y(1) Py (1) dt, Py (0) = p,

Hr, po > 0 BTRBTE = HIRIGE I 5 ro (1) R
EVEESLIEE RS, FRTREFIR, 5 i (i=1,
oy on) ASKUSEE g AR AR AT 5 AR

dP,(1) = P() [F()ds + ioij(t)d%(t)],

P.(0) =p,

He, p > 0 MREFE =R MAE; 7 (1) LK
oy (1) BT MEES EE RS, FmXR %
MR RGBSR, H () > () (W) =
LW ), W, () B n dEdr i 230, H
W)t 5w, (o)} MEM, XH “T”
TR B EE M E _

(BB A FTEHRI [0, T] Pl HAERE
SHWBRTENL 0+ L DY L, HAZEEMT Y
RS G WML IL M 10 b () NEFA ¢ B
RABRBEE « DK EREE, b)) =
(by(2) .6, (2))" PRI A A B AL Ao BT
O, AT RN, A A STETRIE (O,
T] PESLHNG 3K LG )P R B sl SR BOR L 55, 491
PER BRI A A I BRI A ) (I3 [3, 7 -
81) o 0 ale) M2 ¢ PRI 7 W 3K b 5] PO i
AREGHNL 5519 B K-, a(1)e [0, + ©) 1 e [0,
T]oa(e)el0,1] Xbh 3K Lo FEORIG:, A e 24
R R Z] ¢ R a () 15, RIER 1-a(e) £
BRI AR ik, fRIEARFERE H SR
PR (1-a(2)) 0 TN HFEREAR, 0>u
PRI S5 B RIS R, a (1) e(1, + o) XFRfE



%1

ZEMRAE : PHMESBTAOPR IS A W R OGRS - B R SR 3

B w AR BUAT L 550 R BUA T7 8, FREEAL T 7R
{a(1):te[0,T]} APREA R M EIRERMG, #E—
B, R AEIRZ ¢ RS- TR (1)
= (a(t),b()")",

LORBURME ar(0) B, 928 X7 (1) NPRRA RITE
B2 0 B . PRI A R BT AR B o, JUL
BRIER

dX7 (1) = [rg()X"(2) + 6a(t) +r()"b(t) +

m]di + opa(t)dWy(t) + b(t) o (t)dW(t)
He, m= p-0,r(2) = (r, (1), (1)) 7, (1) =
Fo(0)-ro (1) (i= 1,0+ ,n) K50 & AU HE 7= i) B A A
#2, 0(1) = (0(1)) o H—2, BRI Vi e [0,
T),0()o(t)™ 81,6 WFE—TEHE, [ Hnxn
FRNLRE

e ME AR AR T, P SRR LA
B 2 AU, e (10, 13, 19, 2%
oI, ASCERBRARI A FAE [0, T] AR IE 4
SR L (0) WIRMAIL B3, M ESRE
AR ANT 72
dL(2) = L(:)[B(2)dt +y(£)"dW (1) ],L(0) =,

(1)
Hrp, 1, >0 AAMERFBILGE; B(1) 5 y(1) =
Cys (8) ey, ()T ABE M ESE RS X AN E
PGB 32 PRI A W R SR I R R0

AT, MRS N, PRS2SR 74 R

Z)t WBARHR ST (1) = X7(1) - L(2) , WiRE
dS™(t) = [re()S™(t) + L(t) (ro(t)-B(t)) +
r()"b(t) + 6a(t) +m]dt + opa(t)dW, (1) +

[6(2) "o (2)-L(e)y ()" 1dW(2),
S(0) = s, = x4-1,

Hep, L(e) R (1),

Frokmg m = {ar (1) | ociar AARVFIRME, ANHRX
&t e [0,7],a(t) = 0,7(x) KT ¢ A/, H

Efwufﬂwmswoﬁﬂﬁﬁﬁﬁﬁ%%%%

A
= o

2 BERRAR

A HERR AR (1) #THRERARF]R
KB AR B AR BRI 55, (1) #EAT A
S BIFRARR, ARFTERBGETL S, BIRIETE TR ig
THMER AT T PR B A PRS- 7 SR o
2.1 A EREE L 55

RBCLRRSL A 7 Y B A 2 d KA Lein 21 AR 1R 31 22

B, BRI UCx) = Ao - Lo, 3¢
H, >0, p>0, MMAMPLILEIEATE N
r;lggE[U(S"(T)) I §(0)=s,,L(0)=,] (2)
I s PR 2 ) ) R DR R T Ay 5 D S L 8 PR o
KRB o PR (2) BsRE RSN A
V(t,s,l) = r;lfr}lcE[U(S"(T)) | 87(1) =s,L(t) =1]
BUFIC [20] PRERISRE, AIBRETV (1, s,
1) 1Y Hamilton-Jacobi-Bellman (HJB) 57%%, HJ
0 =D(V(i,s,l)) +a(l)rﬁn[%?<+w]Dl(V(t,s,l) ,a(t)) +
max D, (V(t,s5,1)),0()) (3)
Her, (,5,1) e [0,T) xR x R", AFKMR
V(T,s,1) = U(s), X FAEE W% 227 5l ok 5
G(t,s,1) AR R d(1) Fe(t) , 55 D,D,,D, NN
B :
D(G(t,s,l)) =G, +Gry(t)s +1(ry(t) =B(2)) +m]+

GIB(1) + 3Gy ()Y (1);

D, (G(1,5,0),d(1)) = G.6d(2) +%G$S83d(t)2;
D,(G(t,s,1),e(t)) = Gr(t)Te(t) +
2CLo) o)) = ()T Lo (1) "e(t) = Iy(1)] +

Caly (1) Lo (8)"e(t) = Iy(t)]
Wa” (¢) b (2) Ny LT 7% WM R R AR A A Y
WAELRT o
THEERS H HIB R (3) M.
R 1 HIB IR (3) W o(e,s,0) = 2 -

;};—C(t)eXp§~ng(t)(s sy, HEd Vi e [0,

2 T r
T], e(t) = exp{é—%;(z -7 - ﬁ — O
0

TRORGOLOPRIOLY BN

g(1) = expf [ ry(s)ds} (5)
y(1) =1 = expl [ = ro(s) + B(3)= () ((s)-
(") " (s)y(s)ds] (6)
i
)
“ = @ o

b (1) = (e(Da()) ™ -
(1)
(rs(y ~ 0 = DL y®) ()
L L (1) REEHBGHE (1) K

Hr




4 FILREEER (BABHERR)

S

TERD RN HJB 1 (3) HUMREA ARt
w(ty5,0) = Ay - %c(t)expi ~ng(1) (s + (D)D) ]

(8)
Hip, e (1), g (1), y (1) AFFERBHA Y
[0, T], Wi/ c(r) >0,g(t) >0,e(T) =1,g(T)
=1,9(T) =0, WA v, >0 Mo, <0, RIFEHE (3)
IR E R — G 46, A

. v, 0
i) =-——
OB

b (1) == o (D))

[v,7(2) + (vy = v, )lo(t)y ()] (9)
Ba™ () Fd” (0) RAFRE (3) PHliF
v, + v [ro(t)s +1(ry(t) —B(t)) +m] +vIB(t) +
1 N

1 2 T s
(?” Y +?”)Z (8 y(e) + {—vacg}Jr

(=50 lor(0) + (o =0l (D3 ()] -

(o()o (1)) o)+ (v, =) lo()y() 1 =0

(10)
B (8) XA LA, SEIAE (1) ,g(t),x(t)
TR TR

" gym - L - o)

(oo (6)") (1) =0,e(T) =1 (11)
g'(t) +g(t)ro(t) =0,g(T) =1 (12)
- ng' ()y(t) —ng(t)y' (1) - ng(t) -
(ro(t) =B(2)) —mg(t)y(t)B(t) +
ng(t) (y() - 1)r(t) (o (B)o(£)") ™ -
o(t)y(t) =0,9(T) =0 (13)
BARMHHE (11) - (13) 13#HR (4) - (6),
MM, HIB 5 (3) mfih (8) =, HAE%
H (4) -(6) XA, K (8) A (9) AP
(7)) Ao HEH,
TR Bl B e B
FE2 Wolt,s,l),a"(1),b" (1) HEMT 4
A, W V(s ) = o(e,s,l), HEMB o (1) =
(a" (£),b" ()" RARACI R (2) B R TP B -
IR
IR XHE B RIFEE 7)) = (a(1),
b(e)")", N o A, A
o(T,87(T) ,L(T)) = wv(t,s,l) +

fD(v(u,s,l)) + D, (uys,0) ,a(u)) +

D,(v(u,s,l),b(u))du + J:Tvsaoa(u)dWo(u) +
(Lo (w)"b(w) = L) y(u) 1TdW () +

J:TvlL(u)y(u)TdW(u)
B v(e,s,0) R HIB D52 8%, H o(T,57(T),
L(T)) = U(S™(T)), ik
U(S™(T)) < v(t,s,l) +Ivsaoa(u)dW0(u) +

[T ()b~ L)y () + vy () W)

XoF b TN S T i AR AR, TR Do R
B, BATH |
Vit,s,l) = m:th[ Us™(Ty) | 8" (t) =s,
L(t) =1] <wv(s,s,l)
H—JrE, Bkt ()=(a"(),b"(0)")" 75
HJB 7 (3) MAWRBIRNERSETO, il

ORI (o) B, BN R

1 NSNS O B AR AR Y
W, R ry (1) ,r(e) ,0(0) ,B(1) ,y(1) Akl
BRI L, B R BNEE. M,
y(t)=1—exp{( -1y +8 - rT(o=o’T)_10"y)(T -t)}
B AT N
b (1) :—117—exp{ (T =)} (oa™) 7 + L(2) (00") !

oyexpt(—r, +B -1 (o0") "oy) (T - 1)}

A LUE Bl B L B w2 — A sl , O T2
RIAMERGUE. RIS H RS — TR B AR (i
15 2 & $1 AR R Bl B R G, B
WEIMER A <, HYHMSEORAET B H K
BF, 07 (¢) REZIEH, XULEH 240 E AR R
B LR AR RSB 7 F IR 2 4. XM
R BEAS G PR 1 o 24 PRI 2 B 4 I 55 AT 4
K, W RIMER G SR LRI RR, AR Bk
SR ) T4 9% R 4R v B R 7 6

E2 AHER, MOERA TR FAMEA R
B, H e LR - 4% SR g

. 1 0
a” (t) = =,
() ng(t) ot
1

e (D) (o()o(t)") "r(e) (14)

WLARE], ShA 6 R RN G 2w AR R
W, o e LRI SRS BEA RN o IR N IR Eh 2R
Ui AR B A B3 3l 5 3R Bl M A SR ot R ) A Bz 2l
FAELASL, PRBSZA A I A AR G55 75 A SR i
RACFHRI IR . HE—, LRI Rl FRER N

b*(t) =



1

ERRIESE  HPOME SRR RIS A 7 B DR TR 8- L SR 5

T LHE, BAUBEBTRms o (¢) i (14) X4
tio BLEFEEES3C [1] 1 p =0 W RIS TEARIE .
2.2 ANETFRENHT AL 55

i LR E PR 2 T R BEBCR SRS, R
APARBUHNLSS o PRI T B AR . PRI A 7 BT
TEC s 49 i R Ay 06 PR -3 SR, o R4 i
EAYEMNRK, BOMBARA 2.1 W80
Mo HRI—TRRBR, BB AT SRR AR Ry

I, = {=(t) = (a(),6()")",t e [0,T]:
a(t) e [0,1],m(e) RF AP,

Vi e [O,T],EELMW(Z)TW(t)dt < oo}

R (2) 452
maxE[ U(S"(T)) | 5(0) = s5,,L(0) = 1]
AR RECH V(e,s,1) = g%fE[U(S”(T)) IS7(¢)
=s,L(t) = 1], &, RTF V (¢, s, I) Y HIB
FEN
0= D(V(t,s,l)) +a(‘1)f11€:%%(1]D1(V(t,s,l) ,a(t)) +
rﬁ%xDz(V(t,s,l),b(t)) (15)
Hrp, (1,5,0) € [0,T) xR xR, hF &4 R V(T,
S’l) = U(S) ,@%%ﬁ"D,DI,DZ B"j%}(—?j 2 1 Hﬁ*ﬁﬁlo
Beo(e,s,l) AHRE (15) WfE, HiEs, >0,
v, <0, iga” (¢) #b" (1) R (15) FHMR

KAFBIORALE, WD (1) =- (o))

() + Gy — i)l (2)y() o T 7 B4R A ]
max {D,o(1,s,0) ,a(t)) | BIBEER a(0)= -2

a(t) e [0,1] ‘ 1,07
>0, \ifiZfa(e) e [0,1) If, a" (1) = a(t);24
a(e) =10, a" (1) = 1667 () FURFIETE T HY
a" (t) fOA HIB J7#2 (15) f, W/ 45°F mH45l
H,
51 44 ={(s,0) [0,7) xR xR*,

a(t) e [0,1) Y 0(t,s,l) BFRHRE

b, +0,[ro(e)s + 1(ro(t) =B(1)) +m] +5,1B(¢) -
# (30 =+ 5 PY(D (1) + (M;fe:%

VT

(=5 () + (o = 2,1 (D)y(1)]"

(a()a()") or(t) +(3y = 5,)lo(t)y(r) =0,

o(T,s,l) = U(s) (16)

TESRE A, Bfg, Hoo(e, -,0) BRTF s MY
PR, A4 0 HIB 5 (15) 7 A, LHf#E,

5132 4 A, = {(s,s,]) €[0,7) xR xR*;

a(t) e [1, + o) Yoty 0(t,s,0) BB
o, + 0, rg(t)s + 1(re(2) = B(2)) +m] +9,IB(t) +
1.

(7"’5: -0y + é_f)n)lzy(t)T')’(t) + ('Dﬁ + %’DSSO'%)*F

(—%)[T)Sr(t) v (3, — )l () y()]" -

(o (D)o [0r(1) + (2, = 2,) (D) y(1)] =0,
v(T,s,l) = U(s) (17)

FESEA Ay EIORR, ELo(r, -1 KT s bt
i, F% 02 HIB 7R (15) 154, EAOfit,

R LA 5, AT LLES] HIB 7 (15)
AT AT TR

EI3 &
e () = expl— [ (m+ 0)ne(s) - Tofote(s)? +

27 (e Mr()dst (18)

_ 0 ! 122 12y
z = Z—Z(T—to)+J = Ong(s) + o oug(s)ds,
Oy o
z, =0 (19)
Hrp, g (1) B (5) G, b WK

T

fro(s)ds = Ing - Inno; (20)
)

HJB Ji8 (15) Woftrde,
(i) %ne [0, T] B,
(0, (b,5,1) = A4 —-{§c1<t>exp{ ng(e) -

syl GO nlr e [0),

%U»J)=Aof%@0kmﬁ—nﬂﬂ'

(s +y(0)D) +zl,t e [1,T]
(21)

[] Bsf
1L 0
a* (1) = |neg(t) o}
1,t e [t,,T],

b (1) = (a()a(8)") ™ -

(1)
(2~ 00 = DLWy

5t € [O9t0> ’

(i) %o, > THE,i(t,5,0) = A, —%cl(t)exp
{=mg() (s +y()D)}, [FIS

o _ 1 8 5. _ TN -1 |
a’ (1) 0] Ug,b (1) = (a(t)o(t)")

0
(85 - () = DLBs (o)




6 FlREfER (AARBIEER)

51 %

@D§%<0Wﬁ@LU=M—%M0

expl - ng(t) (s +y(0)) |, R

a (1) =1,5° (1) = (e (D) -

(265 - (00 = DLy
EREFEIE T, ¢ (1) 6(0) (1) 45 (4) -
(6) Rth, L (1) REHMATRE (1) Bt

B EEEla (e [0,1],4a(0)e [0,1)
i, 6 at (1) = a(e) FB* (2) fRA HIB J7E (15)
ENE R (16); % a(e) e [1,+ =) B,
at (1) = LRD" (1) FA HIB )72 (15) hEIETr
(17,

BRIV (16) A (17) HBHHATIT
ik

o(t,s,0) = A —ié(t)
n

exp{ = ng(t) (s + ¥(1)1) +z] (22)
Hep, (o) ,g(e) ,y(t) NFEERE, WRE Ve e
[0,7],e(t) >0,g(t) >0,e(T) =1,8(T) =1,
¥(T) =0,z NEER. NRIMRZ, X TRk
RS, LR ESEORE

B, Ya(t) e [0,1) B, (t,5,0) e Ao ¥
(22) XNRAF®E (16), A1 e(s),z(2),7(1) 4
A (4) - (6) A,

HWRK, Ma(t) e [1+0)0,(t,s,0) e Aot
(22) KRAFR (17), 115 e(r),g(e) Fy(2)
sr3lE (18), (5) - (6) Xt

PE—AE B d (4) - (6) FFTHAE M 0(¢,
s,0) W4 a(t) e [0,1), Hi (18), (5) -
(6) P o(e,s,l) WM a(r) e [1, +
) o HHB a(1) = - 50—, %o < 1o B, a(0) e
noog (1)

(0,1); 8 =1, bf,a() e [14 ), Hrig, BN
(20) #aE. FTLA,

(i) ¥, e [0,T] B, 1 (4) - (6) KHhER
5(t,s,0), R (t,s,0), & HIB 7 (15) 7EKX
] [0,6) xRxR* FAyfE, Hebz 5, B (18),
(5) - (6) RHER 9(2,8,0), XK 0,(1,5,1), J&
HJB 5% (15) 7EX[A] [4,,7) x R xR Fi0fF, H:
Tz TR E ;

(ii) $, > THF, SHEEH (1,s,1) e [0,T]
x R x R*, | (4) - (6) SHaEm o(t,s,l) & HIB
FH(15) Mg, Hriz =0;

(iii) X4 < OBF, XHMERA (1,s,0) € [0,T]

xR xR*, i (18),(5) - (6) AT 0(1,5,1) &

HIB 7778 (15) #fig, Hrz =0,
RIGH A EM (22) FEXE [0,4)

(2o, T] EBITFERE 2 B0MH. A THERHR 0(-,s,D)

A , 90, (4,3,0)
TE [0, T] EZBrisemig, R%‘%é‘#— =
o, (ty,5,0) 05, (tg,s,1 8, (ty,s,1 .
2 0 ) 1( 0 ) — 2 02 ) . é;;él‘i']fl‘

ot ’ or o
B, Hre[0,0)Bf,2=2; Htelt,T]H,z
=z, Hhz flz B (19) Gl FiL, i (21)
B o(e,s,0) 7E [0, T] HiESE, HEE,

3 TSR AT REUENl 45 B R A
ST B PR B S B R, 2 TG AU i 45 256 1

SRR, B 1, = T = (1ng — lonor)) o 71

DEE, T g < 5 i, BRI T
o 2R R, 1, S RE
(T <-(lng - lnno?) ) BF, BebEHHBRAENE R

P B0 R SR (T > ——(Ing -

Innog) ) B, Bl I SRS ) 1 I 35 — 52 L
IR FORES, TTERS R IBITA BRI
BORRT, MRS E X POER TR (9

>§dﬁ;%%&%%ﬁﬁ,&ﬂmﬁﬁﬁmm

I BT A AR 5 T A 24 U R
BN, AR 7 A T A R R T A
eI T, MR AT, (A A b
SEE R . R B BT 4 7
ST A K, DB W A R ) TR LT
BRI R BB Z &, T4 K
i, A R A ) AR, TR
T I IO — 2 4 TR 78 B 2 T R,
M, TG R A Bk R,
4 MR ATIRY RESME R, AR
WS He BT, FLR R R s R, By
3 M, BB, b () =
(ﬂﬂw@ﬁf#ﬁ%hﬁﬁﬂ,%%@ﬁﬁﬂﬁ
S LIRS, TSN G 75 R AR B
A RARATIEING | T TR L TR A
S [2] %08 T 4RI/ A B IR S B 9
SRR B R TR I BN, EoP
BIR s IR, IRIESC [2] MiE, %%

=



51

FIIRE: HOMER IR RER 2 7 R LRS- B PSR 7

AR ARV SR BN, 3C (2] B2 &
PRI - B BT S [7) A 55 R 2% FR A1 A 1 £ H. T 25
ro, 7,0 R H RO EN A SR — 3

frE S IEE B B 2 AL, A

3 BUEFHI

BNk, RIMNAE —ABEEAEELR: (i)
A AT RIS A W B R SR MG B s (i) R
Bl 55 5 B L AR B SR B s s (i) T B &
SR AR5 B B MR B 5

AR, ZREMTTS A —A TR 5
PR R R A B A E B L. |
BOR A WIIEAE % =2, [, =0.5, KERE
B = 0.5, HEASHIEAE N u =0.5, 0=
1, 6=0.8, r,=0.05, r, =0.13, ¢, =0.1, B =
0.08, y=0.05, T'=1,

(1) AIMESA G B LA B R

T T E ARG 2N ] T S AR SR TE AN 7 5%
PR G0 T 1 B DL M fe R AR SCRT B A B9 ME B
TR RIS B SRS P RE I o 25 FRAR I 23 ] AT ASRER
B S5 HRE DL o IR R IR 2 W) A 8 7= A 45 e 8 )
ARG E E R 1 S5, SEWE SRR A A (14)
KA.

METHFEL-1RL -2 LIES, —F
18T, PRES ) T I SMAE B 5 B 7 KU 9 7= b B 80
SHRTIRAMERGRNEE, X500 1 WgRE—
e A—mE, AN FRENITTE (T=1), 4
FHRIBAIK AR (T =20) W, MR FX S
BEOERMERRZ AR /N e 32 B O 4 R B A K B

1-1 1-2 _
26.6 : 28 : 1.8 13

withou! eees.-. Without
26.4} liability 26+ liability
with Hability with liability|
26.2¢ A /
26¢
25.8¢
25.6
25.4¢
252F /.
25/
24.8)"

--------- a() €[0.1]

at) €[0, ]|

M6 05 1 8 10 Y010 20
0=t<T7=20 0=<t<T=20
B1 AREVHRIESME G RE
R ARIH A I X B (o SR (5 0
Fig. 1 The impact of exogenous liability and new business

on optimal strategy with different time-horizon

RIS 7R L IR BT B, RREZ MM
FEAFHPAE BN A T A0l 3 AR R AE /N,
TS BN B SR R WA BE /N o

(ii) BB BRBUHML S5 X B PR IR SRS BRI

M AT BN T AW KA ERGT, 68
IR MY 95 3 e L PRI M ™ (1) B9,
MR T=10F, 0 = 8.4, FiREs 1 e s
A, YRGS, Bt PR B R S 1R
AT SIS 5 A PTAREGE M55 i fse
FRER IS SRS A RIS A AR IT B R . 24 T=20
W, APERBGEL SR o " (2) B (14) e, A
AEREGHNL S5 o (1) ER S il B 1T
K1 -3 iR T RET ZREUH L 55 3T R BE T =
20 I B PR IS Y R M

(i) T2 RO e 6 450 6% R A B A L B
IR

B 5575 AR W T I A AR R A T 24
To,7,0 8,y X BB AN 0" (1) BRI, K 2
BN, b7 (¢) o, o FIBEREL, 27,8,y K
BRI, WAL, IO B B AR XU
i 0N S DN IS OF/AHE e P e g
GV T VAN g Sl U U €S N R 2
A B S AR B A R, RIS R 2
RSB BB AU

28
27

B2 MG SE R A R

Fig. 2 The impact of market parameters on optimal strategy

HUE B AR IS 24 mFE FTARIBGH L. 55 B T8 B i
GSET BRI . hE 3 WES, Bt
PRISLZ 7 TG S M AE FA 5T B LB RR RN T TEAMAE f
R IETE . HUOS &SRS, HI8IME R
MB A E R BOR 1,7,y HIIE BREY, 2 o,B KR
B, MR, IO BT B FR B XU 7 7
BB 25 2R G O, BUE MR S R B RO




FIlREEER (BARPBIERR)

51 %

8
£ 3-1 3-2 3-3
% 9.9 10
‘E 9. ~— — -without liability ~— — without liability| — — swithout liability
& e with liability 9.8 with liability 08 with liability
S99 ———"""1 97 - ’ N
z o D
g 9.7 9. 9.6 ~
a 9.5
5 I
£ 9.60 9.4 9.4
B 0.030.04 0.05 0.060.07 0.080.10.120.14 0.16 0.18 0.05 0.07 0.09 0.11 0.13 0.15
7 ”

g’ 34 35

5

Q

g = — without liability — — ‘withou liability|

£ 9.78 with liability 9.78 with Tability

=1 pa—

T oM T T T T T T 974 T T T

K|

£ 97 9.7

g

©

£ 9.6

[1]

(2]

(3]

(4]

(5]

[6]

[7]

} 9.66
0.030.55 0.08 0.1050.13 ~ 0.01 0.03 0.05 0.07 0.09
B Y

B3 SRS 00 B L RS N

Fig.3 The impact of exogenous liability and market

parameters on optimal value function

i, PRI R I A I B BRI R XU
FERIB B AR AP R R R AR O, 2l
(= UE=3s D AN

S 3Lk

BROWNE S. Optimal investment policies for a firm with
a random risk process: exponential utility and minimizing
probability of ruin [ J]. Mathematics of Operations Re-
search, 1995, 20(4) ; 937 - 958.

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, 42 968 -975.

CHEN SM, LI Z F, LI K M. Optimal investment-rein-
surance policy for an insurance company with VaR con-
straint [ J]. Insurance: Mathematics and Economics,
2010, 47, 144 - 153.

e, ZEME SRR AR A I B 1R SR
[J]. B4R, 2010, 14(2); 66 —78.

ZHANG X, SIU T K. On optimal proportional reinsur-
ance and invesiment in a Markovian regime-switching e-
conomy [ J]. Acta Mathematica Sinica, English Series,
2011, 27(8): 1 - 16.

LIANG Z B, YUEN K C, GUO J Y. Optimal proportional
reinsurance and investment in a stock market with Orn-
stein-Uhlenbeck process [ J]. Insuranée; Mathematics
and Economics, 2011, doi: 10. 1016/j. insmatheco.
2011.04.005.

BAUERLE N. Benchmark and mean-variance problems
for insurers [ J]. Mathematical Methods of Operations
Research, 2005, 62 159 - 165.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[(17]

[18]

[(19]

[20]

ZENY Y, LI Z F. Optimal time-consistent investment and
reinsurance policies for mean-variance insurers [J]. In-
surance; Mathematics and Economics, 2011, 49 (1)
145 - 154.
LEIPPOLD M, TROJANI F, VANINI P. A geometric ap-
proach to multiperiod mean variance optimization of assets
and liabilities [ J]. Journal of Economic Dynamics and
Control, 2004, 28, 1079 —1113.
CHIU M C, LI D. Asset and liability management under
a continuous-time mean-variance optimization framework
[J]. Insurance; Mathematics and Economics, 2006,
39. 330 -355.
XIES X, LIZF, WANG S Y. Continuous-time portfo-
lio selection with liability : mean-variance model and sto-
chastic LQ approach [J]. Insurance: Mathematics and
Economics, 2008, 42, 943 —953.
XIE S X. Continuous-time mean-variance portfolio se-
lection with liability and regime switching [ J]. Insur-
ance: Mathematics and Economics, 2009, 45, 148 -
155.
CHEN P, YANG H L, YIN G. Markowitzs mean-vari-
ance asset-liability management with regime switching: a
continuous-time model [ J]. Insurance; Mathematics
and Economics, 2008, 43, 456 —465.
ZENG Y, LI Z F. Asset-liability management under
benchmark and mean-variance criteria in a jump diffu-
sion market [ J]. Journal of Systems Science & Com-
plexity, 2011, 24. 317 -327.
HO T. Asset/Liability Management and Enterprise Risk
Management of an Insurer [ J]. Journal of Investment
Management, 2005, 3. 45 - 59.
UKL, LG PR R D) A Y A S B e O 4% ] AR B
[J]. #=HIES SR, 2010, 27(1) : 53 -58.
CUMMINS J D, NYE D J. Portfolio optimization models
for property-liability insurance companies; an analysis
and some extensions [ J]. Management Science, 1981,
27(4); 414 -430.
SBARAGLIA S, PAPI M, BRIANI M, et al. A model
for the optimal asset-liability management for insurance
companies [ J]. International Journal of Theoretical and
Applied Finance, 2003, 6. 277 -299.
WU HL, LIZF. Asset and liability management for an
insurer with jump-diffusion surplus process under mean-
variance criterion | C]//Third International Conference
on Business Intelligence and Financial Engineering,
2010 209 -213.
FLEMING W H, SONER H M. Controlled Markov
processes and viscosity solutions [ M]. 2nd ed. New

York: Springer-Verlag, 2006.



