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lx+t+1 ·t+1 Vx:n lx+t ·t Vx:n = (lx+t · Px:n dx+t) + i · lx+t · (tVx:n + Px:n ) (1)

. , Appendix , . 1

2 , 3
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, *2 .
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t=0 (lx+t · Px:n dx+t)
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. , ,
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x qx
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G/At, LGmin(t), [t t, t] *9

R
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t , R
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1
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1
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1
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V +
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, P . ,
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, . ,

P · 1
P , P · (1 P )
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, ( V ) .
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, P · 1
P ,

G/At .

,

, .

, ·P
, max(S/A , · P ) .

2.2.2 ( )

(t 1) ( ) lx+t 1 , lx+t 1 · S/At 1

. P , P · (1 P ) (

t)

lx+t 1 · [S/At 1 + P · (1 P )] ·RS/At

, ,

(lx+t 1 dx+t 1) · [S/At 1 + P · (1 P )] ·RS/At

. , , ,

( t)

(lx+t 1 dx+t 1) · [S/At 1 + P · (1 P )] ·RS/At · (1 V )

, t , lx+t · S/At .

, *10 ,

lx+t · S/At = (lx+t 1 dx+t 1) · [S/At 1 + P · (1 P )] ·RS/At · (1 V ) (3)

. , S/A0 = 0 . ,

S/At 0 . , , ,

.

. t

(t+ k) S/At+k | Ft (4) . , k > 0 .

S/At+k | Ft = S/At
t+kY
l=t+1

R
S/A
l · (1 V )

k

+
t+kX
l=t+1

P · (1 P )
t+kY
m=l

RS/Am · (1 V )
(t+k) l+1 (4)

2.2.3 ( )

t (t+ k) S/AINDEXt+k | Ft ,

. , k > 0 .

S/AINDEXt+k | Ft = S/At · exp[ ( V

2

2
) · k + Wk ]

+P · (1 P )

t+k 1X
l=t

exp[ ( V

2

2
) · (t+ k l) + Wt+k l ] (5)

*10 Appensix .
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2.2.4

. k , t

LGmin(t) | Fk . , t > k .

LGmin(t) | Fk =
Dx+T
Dx+k

· E[ max(T · P S/AINDEXn ) | Fk ]

+

T 1X
t=k

Cx+t
Dx+k

· E[ max((t+ 1) · P S/AINDEXt+1 ) | Fk ]

T 1X
t=k

Dx+t
Dx+k

· ( 1
P · P + E[ āt | Fk ] ) (6)

,

E[ āt | Fk ] =
1
V

V r
· e( V r) t · (e V r 1)

×[ S/Ak · e ( V ) k + P · (1 P )

tX
l=k

e ( V ) l ] (7)

.

, ( ) .

2.2.5

(t 1) lx+t 1 , lx+t 1 ·G/At 1 .

P , P · 1
P ( t)

lx+t 1 · [ P · 1
P +G/At 1] ·RG/At

. ,

(lx+t 1 dx+t 1) · [S/At 1 + P · (1 P )] ·RS/At · 1
V =

1
V

1 V
· lx+t · S/At
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, , .

1 , S/At t · P ,

dx+t 1 ·max[ t · P S/At, 0 ]

. ,

lx+t 1 · [ P · 1
P +G/At 1] ·RG/At +

1
V

1 V
· lx+t · S/At dx+t 1 ·max[ t · P S/At, 0 ]

. lx+t ·G/At , t < T ,

lx+t ·G/At = lx+t 1 · [ P · 1
P +G/At 1] ·RG/At +

1
V

1 V
· lx+t · S/At

dx+t 1 ·max[ t · P S/At, 0 ] (8)

. , G/A0 = 0 .

, ,

lx+T ·G/AT = lx+T 1 · [ P · 1
P +G/AT 1] ·RG/AT +

1
V

1 V
· lx+T · S/AT

(dx+T 1 + lx+T ) ·max[ T · P S/AT , 0 ] (9)

.

(4) , t

(t+ k) G/At+k | Ft

G/At+k | Ft = G/At
t+kY
l=t+1

R
G/A
l

+

t+kX
l=t+1

P · 1
P

t+kY
m=l

RG/Am + 1
V { S/At · + P (1 P ) · } (10)

=
t+kX
l=t+1

R
S/A
l · (1 V )

k +
t+k 1X
l=t+1

lY
m=t+1

RS/Am

t+kY
o=l+1

RG/Ao · (1 V )
l t

=

t+kX
l=t+1

t+kY
m=l

RS/Am · (1 V )
(t+k) l+1

+
t+k 1X
l=t+1

lX
m=t+1

lY
n=m

RS/An
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l m+1
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3

, BGSS ,

.

3.1 ( )

, Campbell and Viceira[2002] .

, .

t At, Lt, x . T AT

LT u(AT , LT ) , t J (t, At, Lt)

J (t, At, Lt) = max
{x } [t,T ]

E[ u(AT , LT ) | Ft ] (11)

. , ALM , , ,

.

, s > t

J (t, At, Lt) = max
{x } [t,s]

E[ J (s, As, Ls) | Ft ] (12)

. , t , s

.

,

dJ ( , A , L ) =
At
J · (dAt) +

Lt
J · (dLt) +

t
J · dt

+
1

2
[

2

A2t
J · (dAt)2 +

2

L2t
J · (dLt)2 + 2

2

At Lt
J · (dAt) · (dLt) ]

(13)

,

J (s,As, Ls) = J (t, At, Lt) +
Z s

t

dJ ( , A , L ) (14)

, (13) (14) (12)

max
{x } [t,s]

E[

Z s

t

dJ ( , A , L ) | Ft ] = 0 (15)

. ,

x . .

, .

dAt = (t, At)At dt + (t, At) At dW
A
t

dLt = (t, Lt) Lt dt + (t, Lt) Lt dW
L
t

dWA
t · dWL

t = dt
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(13) ,

At
J · (t, At)At +

Lt
J · (t, Lt) Lt +

t
J

+
1

2

2

A2t
J · (t, At)2 A2t +

1

2

2

L2t
J · (t, Lt)2 L2t

+
2

At Lt
J · (t, At) (t, Lt) At Lt = 0 (16)

.

t x, *11 y,

M, , 1 e, rt .

, x,y, e,M (n× 1) , (n× n) .

,

(t, At) = rt + (M rt · e)T · x
(t, Lt) = rt + (M rt · e)T · y
(t, At)

2 = xT x

(t, Lt)
2 = yT y

(t, At) (t, Lt) = xT y

, 1 x

x = At
J · 1(M rt · e) + Lt · 2

At Lt
J · y

At · 2

A2
t
J (17)

, Merton[1971] , 1(M rte) , y

( ) .

(17) (16) , J .

t
J + rt · (At ·

At
J + Lt ·

Lt
J ) 1

2

( At
J )2

2

A2
t
J · (M rt · e)T 1(M rt · e)

+Lt · (
Lt
J At

J · 2

At Lt
J

2

A2
t

) · (M rt · e)Ty

+
1

2
L2t · [

2

L2t
J (

2

At Lt
J )2

2

A2
t
J ] · yT y = 0 (18)

(18) , J At
J , 2

A2
t
J 2

At Lt
J (17)

, x . ,

, x .

*11 , x y , .
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3.2 BGSS [2005]

3.2.1

t G/At, S/At ,

LGmin(t) , H[S/At] . , t

FR(t) .

FR(t) =
S/At +G/At
S/At +H [S/At]

(19)

, t [0, T ] .

, , ,

. , S/At ,

. ,

.

, ,

( ) ,

. 1.0 , ,

, .

, 1.0 , .

, ( ) ,

.

, T FR(T) ,

u(FR(T)) = FR(T) a · FR(T)2,
( 0 < FR(T) <

1

2a
, a > 0 ) (20)

u , .

max
{x }T 1

=t

E[u(FR(T)) | Ft ] (21)

, ,

S/At+1 = [ S/At + P (1 P ) ] ·RS/At+1 · (1 V ) (22)

G/At+1 = [G/At + P · 1
P ] ·RG/At+1 +

1
V

1 V
· S/At+1 (23)

.

3.2.2

t x y,

M, , 1 e, . , x,y, e,M (n× 1)
, (n× n) .

, [t, t+ 1] rt+1 + (M rt+1e)
T · y, yT y

,

R
S/A
t+1 = exp[ rt+1 + (M rt+1e)

Ty
yT y

2
+
p
yT yW

S/A
(t+1) t ] (24)
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. ,

R
S/A
t+1 1 + rt+1 + (M rt+1e)

Ty +
p
yT yW

S/A
(t+1) t (25)

, (22)

S/At+1 = [ S/At + P (1 P ) ] ·RS/At+1 · (1 V )

[ S/At + P (1 P ) ] · (1 V )

×[ 1 + rt+1 + (M rt+1e)
Ty +

p
yT yW

S/A
(t+1) t ] (26)

.

S/A
rt+1
t+1 = [ S/At + P (1 P ) ] · (1 + rt+1) · (1 V ) (27)

S/Ayt+1 = [ S/At + P (1 P ) ] · [(M rt+1e)
Ty +

p
yT yW

S/A
(t+1) t ] · (1 V )

(28)

, (22)

S/At+1 S/A
rt+1
t+1 + S/A

y
t+1 (29)

.

, (23)

G/At+1 G/A
rt+1
t+1 +G/A

x,y
t+1 (30)

. ,

G/A
rt+1
t+1 = [(G/At + P · 1

P ) +
1
V · {S/At + P (1 P )}] · (1 + rt+1) (31)

G/Ax,yt+1 = (G/At + P · 1
P ) · [(M rt+1e)

Tx+ xT xW
G/A
(t+1) t ]

+ 1
V · [S/At + P (1 P )] · [(M rt+1e)

Ty +
p
yT yW

S/A
(t+1) t ] (32)

. , x . y

.

3.2.3 BGSS ALM

(21) , t J (t, G/At, S/At)

J (t,G/At, S/At) = max
{x }T 1

=t

E[ u(FR(T)) | Ft ] (33)

,
J (t, G/At, S/At) := f [G/Artt +G/Ax,yt , S/Artt + S/A

y
t ] (34)

f .
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J (t+ 1, G/At+1, S/At+1) = f [G/Art+1t+1 +G/A
x,y
t+1, S/A

rt
t+1 + S/A

y
t+1 ]

(27) (31) G/A
rt+1
t+1 S/A

rt+1
t+1 ,

J (t+ 1, G/At+1, S/At+1)
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ]

+G/Ax,yt+1 · G/At+1
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ]

+S/Ayt+1 · S/At+1
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ]

+
1

2
(G/Ax,yt+1)

2 ·
2

G/A2t+1
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ]

+
1

2
(S/Ayt+1)

2 ·
2

S/A2t+1
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ]

+G/Ax,yt+1 · S/Ayt+1 ·
2

G/At+1S/At+1
f [G/A

rt+1
t+1 , S/A

rt+1
t+1 ] (35)

. f [G/A
rt+1
t+1 , S/A

rt+1
t+1 ] f .

J (t, G/At, S/At) = max
xt

E[J (t+ 1, G/At+1, S/At+1) | Ft] (36)

, (36) (35) , 1 x

.

x =
1

G/At + P · 1
P

·
E[ G/At+1

f | Ft ]
E[

2

G/A2t+1
f | Ft ]

· 1(M rt+1e)

S/At + P · (1 P )

G/At + P · 1
P

· { 1
V + (1 V ) ·

E[
2

G/At+1S/At+1
f | Ft ]

E[
2

G/A2
t+1
f | Ft ]

} · y

(37)

,
= + (M rt+1e)(M rt+1e)

T (38)

. (35) G/Ax,yt+1 S/Ayt+1 Appendix .

, x ,

BGSS . ,

.

x , (17) , ( ) .

, (17) , (37) ,
1(M rte)

1(M rt+1e) .

, E[ G/At+1
f | Ft ],

E[
2

G/A2
t+1
f | Ft ], E[ 2

G/At+1S/At+1
f | Ft ] Longsta and Schwartz[2001]

(LSM; Least Square Monte-Carlo) , . ,

G/At+1
f ,

2

G/A2
t+1
f ,

2

G/At+1S/At+1
f , t

. , [2007] ,

. , ,
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. BGSS

, 4 (20)

, .

, , . Binsbergen and Brandt[2006]

, BGSS ,

,

. , [2008] BGSS

, , ,

.

, (37) , ,

y . , , ,

.

3.3 BGSS

0 ,

. (37) x .

3.3.1 (T-1)

(20) , (37) .

E[
G/AT

f | FT 1 ] = E[ 2a · { 1
2a

FR(T) } 1

S/AT +H [S/AT ]
| FT 1 ] (39)

E[
2

G/A2T
f | FT 1 ] = E[

2a

{ S/AT +H[S/AT ] }2 | FT 1 ] (40)

E[
2

G/ATS/AT
f | FT 1 ]

= E[ 2a ·
2{ FR(T) 1

4a } · (1 + S/AT
H [S/AT ]) (1 + 1

V )

{ S/AT +H [S/AT ] }2 | FT 1 ] (41)

t FR(t t) .

,

.

. ,

. ,

,

, . Brandt, Goyal, Santa-Clara and

Stroud[2005] , ,

.

,

, ,

G/A
S/A
t , G/A

rf
t , t · P ,

G/Amaxt G/Amint .

G/Amaxt = max[ t · P , G/AS/At , G/Arrft ] · (1 + k) (42)

G/Amint = min[G/A
S/A
t , G/Arrft ]÷ (1 + k) (43)

JARIP-04-04門田.indd   80 2010/07/13   10:56:29



日本保険・年金リスク学会誌 Vol.4 No.1 2009

―81―

k 10% .

G/Amaxt G/Amint , 0

G/At , x

*12.

3.3.2 (T-2)

,

E[
G/AT 1

f | FT 2 ] = E[
G/AT

f ·RG/AT | FT 2 ] (44)

E[
2

G/A2T 1

f | FT 2 ] = E[
2

G/A2T
f · (RG/AT )2 | FT 2 ] (45)

E[
2

G/ATS/AT
f | FT 2 ]

= E[
2

G/A2T
f ·RG/AT ·RS/AT · 1

V · (1 V )

+
2

G/AT S/AT
f ·RG/AT ·RS/AT · (1 V ) | FT 2 ] (46)

. Appendix . G/AT
f ,

2

G/A2
T
f

2

G/ATS/AT
f

, (39), (40) (41) . , R
G/A
T (T 1)

xT 1 . ,

(T 2) . , ,

.

3.3.3 t (t [ 0, T 3 ])

E[
G/At+1

f | Ft ] = E[
G/AT

f · (
TY

l=t+2

R
G/A
l ) | Ft ] (47)

E[
2

G/A2t+1
f | Ft ] = E[

2

G/A2T
f · (

TY
l=t+2

R
G/A
l )2 | Ft ] (48)

E[
2

G/At+1S/At+1
f | Ft ]

= E[
2

G/A2T
f · (

TY
l=t+2

R
G/A
l ) · 1

V

×[
TY

l=t+2

R
S/A
l · (1 V )

T (t+1) +
T 1X
l=t+2

lY
m=t+2

RS/Am

TY
o=l+1

RG/Ao (1 V )
l (t+1)]

+
2

G/AT S/AT
f · (

TY
l=t+2

R
G/A
l ) · (

TY
l=t+2

R
S/A
l ) · (1 V )

T (t+1) | Ft ] (49)

. , 0 . ,

x0 . , t (t [ t, T t])

.

*12 xmin xmax x , xmin xmax

, .
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(41), (46) (49)
2

G/AT S/AT
f S/AT

H [S/AT ] ,

, .

(x ) (y), ( P V ), ( S/AT
H [S/AT ])

.

4

4.1

4.1.1

, , , 2

.

2 ,

0.57% 0.70% 1.000 0.143 40.063 40.009 40.009
2.47% 3.34% 0.143 1.000 40.053 0.086 0.017

4.42% 19.25% 40.063 40.053 1.000 40.029 0.365

4.28% 10.20% 40.009 0.086 40.029 1.000 0.540

4.88% 16.65% 40.009 0.017 0.365 0.540 1.000

( ) [2008].

, 1 Vasicek Model

dr = [r̄ r] dt+ dWt

, 2008 8 1 . , 0.08210, r̄

0.03844, 0.00585 . , 2

, , .

4.1.2

, 2009 6

.

3

5% 67% 11% 8% 9%
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4.1.3

1.5%, , 10

.

4 , . [2003], 8 2

29 48 .

4

3.5% 18.4% 12.1% 18.1%

1

ln( qx,t ) = x + x t + x,t (50)

,

. , 1987 2005

. N (0, 2) ,

0.03456 .

, 2005 2007( )

, . ,

, .

, , .

5 Lee-Carter Model

0 4 5.5101 0.0208 50 4 5.5243 0.0055

10 4 8.9957 0.0222 60 4 4.5930 0.0101

20 4 7.2709 0.0161 70 4 3.6958 0.0081

30 4 7.1823 0.0015 80 4 2.6523 0.0126

40 4 6.5086 0.0028 90 4 1.6839 0.0105

1987 11.8330 1997 4 2.4740

1988 11.9430 1998 4 0.4088

1989 10.2490 1999 4 2.4175

1990 9.9979 2000 4 6.3878

1991 7.3512 2001 4 9.7975

1992 7.8563 2002 4 12.1780

1993 5.7392 2003 4 13.6380

1994 4.3411 2004 4 14.8040

1995 7.0338 2005 4 13.8480

1996 4 0.3937

JARIP-04-04門田.indd   83 2010/07/13   10:56:31



―84―

4.1.4

.

6

30

10

10,000 ( )

.
1
P +

2
P = 5%

,
1
V +

2
V = 2% ,

3
V = 0.2%

4.1.5

u u(FR(T)) = FR(T) a · FR(T)2 , a 0.5 .

n , ,

.

, 5

Laguerre .

( ) ( ) ( )

. , , 1,000 .

Compaq Visual Fortran , IMSL

DLSBRR .

Intel Pentium4 CPU 3.40GHz, 4.0GB, OS Windows VISTA

.
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4.2

4.2.1

,

. ,

, .

, ,

. 2 , ,

.

, , S/AINDEXt

8 2 29 48 ,

.

2 ,

, , ,

.

2

4.2.2

(T t ) ,

3 . , 50

, 5% , 10%-90% , 95%

. 1.0 , 1.0

(50% ) [0, 1] , 1.0

, 1.0 . ,
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3 (T t )

. *13 4

. ,

4 (T t )

.

*13 .
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5 (T t )

, ,

. ,

, .

, 6 .

FR(t) , ,

. , .

6
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4.2.3

1% ,

. , 2 ,

. ,

7 12 .

,

( ),

(·) .

. , 1

. 2 ( 7 8) ,

, 4 ( 9) , (

12) .

7 , ,

, *14

. ,

, .

, , ,

. , , 4

, 2 , 1

, . ,

. , ,

.

,

, , , .

7

( )

1 1.0377 0.0416 0.0065 1.0375 0.0451 0.0078 37.471

2 1.0337 0.0498 0.0085 1.0320 0.0482 0.0099 41.091

4 1.0469 0.0435 0.0052 1.0355 0.0473 0.0089 40.529

12 1.0456 0.0397 0.0040 1.0324 0.0481 0.0098 68.828

50 1.0515 0.0361 0.0022 1.0361 0.0483 0.0093 1189.601

100 1.0541 0.0340 0.0014 1.0390 0.0452 0.0075 8519.963

250 1.0520 0.0314 0.0008 1.0356 0.0471 0.0087 99274.403

( 1) 1
P =

1
V = 1% .

*14 , .
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7 =1 8 =2

9 = 4 10 = 12

11 = 50 12 = 250
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8 , ,

. ( 1
P ) ( 1

V ) 13 .

13 2 ,

. ( 1
P ,

1
V ) = (1%, 0.5%) , 85%

. ( 1
P ,

1
V ) = (0.5%, 1.6%) (4%, 0.8%)

2 , ( 1
P ,

1
V ) = (3.5%, 1.9%) 1

, .

8

0.005 0.016 1.0767 0.0398 0.0011 1.0663 0.0500 0.0046

0.01 0.005 1.0023 0.0389 0.0144 1.0059 0.0462 0.0169

0.04 0.008 1.0676 0.0384 0.0012 1.0588 0.0493 0.0055

0.015 0.015 1.0784 0.0401 0.0007 1.070 0.0497 0.0036

0.035 0.019 1.1125 0.0403 0.0000 1.1193 0.0496 0.0004

0.045 0.009 1.0776 0.0385 0.0005 1.0729 0.0486 0.0035

( ) 50 .

13
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5

, .

, 4

, ( ), ,

(37) .

,

. , .

, ,

,

, . ,

. , .

, ,

.

, ,

, , ( ) ,

. BGSS ,

, ,

. ,

, ,

.

, ,

. , 61 , 62 63

, .

84

, ,

, (y) , (x)

. , ,

( P ) .
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A Appendices

A.1

x lx, dx . t ,

.
lx+t dx+t = lx+t+1 (51)

x 1, n, Px:n ,

.

( )

. , Sx , , i

.

Sx =
1

lx

n 1X
u=0

dx+u
(1 + i)u+1

+
lx+n

lx(1 + i)n

=

n 1X
u=0

(
1

1 + i
)u+1

lx+u
lx

dx+u
lx+u

+ (
1

1 + i
)n
lx+n
lx

(52)

, v = 1
1+i ,

lx+t
lx
=t px,

dx
lx
= qx, Dx = v

xlx, Cx = v
x+1dx , (52)

Sx =

n 1X
u=0

vu+1upxqx+u + v
n
npx (53)

=

n 1X
u=0

Cx+u
Dx

+
Dx+n
Dx

(54)

. , Nx =
P
u=0

Dx+u, Mx =
P
u=0

Cx+u, ,

Sx =
(Mx Mx+n) +Dx+n

Dx
:= Ax:n (55)

.

Gx . ,

Gx = Px:n ·
1

lx

n 1X
u=0

lx+u
(1 + i)u

(56)

= Px:n ·
n 1X
u=0

vuupx (57)

= Px:n ·
Nx Nx+n

Dx
:= Px:n · äx:n (58)

, , ,

.

Px:n · äx:n = Ax:n (59)

Px:n =
Ax:n
äx:n

:=
(Mx Mx+n) +Dx+n

Nx Nx+n
(60)
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.

,

. t tVx:n

,

Sx+t = Ax+t:n t (61)

=
(Mx+t Mx+n) +Dx+n

Dx+t
(62)

Gx+t = Px:n · äx+t:n t (63)

= Px:n ·
Nx+t Nx+n

Dx+t
(64)

tVx:n = Sx+t Gx+t (65)

:= Ax+t:n t Px:n · äx+t:n t (66)

.

x , t Vt, P .

t+ 1 , t 1 ,

, .

lx+t+1 · Vt+1 = lx+t · (Vt + P ) · (1 + i) dx+t (67)

, .

, (67) vx+t+1 ,

Dx+t+1 · Vt+1 = Dx+t · (Vt + P ) Cx+t (68)

. t = 0 (n 1) ,

Dx+n · Vn = Dx · V0 + P
n 1X
t=0

Dx+t

n 1X
t=0

Cx+t

P =
Dx+n · Vn Dx · V0 + (Mx Mx+n)

Nx Nx+n
(69)

(V0) 0, (Vn) 0 P 1x:n , 1

Px:n .

, t = 0 (t 1) , t = t (n 1)

. , (Vn) 0 t

tV
1
x:n , 1 t tVx:n .
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A.2

, (67)

. , lx, dx

Vt . , P

*15, i, t [s, s+ 1] LIBOR

Lt(s, s+ 1) . , T t B(t, T ) ,

LIBOR .

Lt(s, s+ 1) =
B(t, s) B(t, s+ 1)

B(t, s+ 1)
(70)

, , .

lx+t · (Vt + P ) · (1 + i) dx+t = lx+t+1 · Vt+1 (71)

lx+t0 · (Vt0+ P ) · [1 + Lt(t, t+ 1)] dx+t0 = lx+t+10 · Vt+10 (72)

, lx0 = lx + lx, Vt0 = Vt + Vt , (72) (71) ,

lx+t · (Vt + P ) · [Lt(t, t+ 1) i] + lx+t0 · Vt · [1 + Lt(t, t+ 1)] dx+t

+ lx+t · (Vt + P ) · [1 + Lt(t, t+ 1)] = lx+t+10 · Vt+1 + lx+t+1 · Vt+1
(73)

B(t, t+ 1)

( Vt · lx+t0 + lx+t · Vt) ( Vt+1 · lx+t+10+ lx+t+1 · Vt+1) ·B(t, t+ 1)
= [lx+t · (Vt + P ) · [i Lt(t, t+ 1)] + dx+t] ·B(t, t+ 1) lx+t · P (74)

. (n-1) ,

( Vt · lx+t0 + lx+t · Vt) ( Vn · lx+n0+ lx+n · Vn) ·B(t, n)

=
n 1X
k=t

B(t, k + 1) · [lx+k · (Vk + P ) · [i Lt(k, k + 1)] + dx+k]
n 1X
k=t

lx+k · P ·B(t, k)

(75)

.

, dx lx , lx0 = lx ,

Vt · lx+t Vn · lx+n ·B(t, n) =
n 1X
k=t

B(t, k + 1) · lx+k · (Vk + P ) · [i Lt(k, k + 1)] (76)

, , , Vn = 0 ,

Vt =

n 1X
k=t

B(t, k + 1) · lx+k
lx+t

· (Vk + P ) · [i Lt(k, k + 1)]

Vt0 Vt

, (2) .

*15 . 10 , 1

, 2 ,

. , ,

.
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A.3 (35) G/Ax,yt+1 S/Ayt+1

E[G/Ax,yt+1 | Ft ]
= (G/At + P · 1

P ) · (M rt+1e)
Tx

+[ S/At + P · (1 P ) ] · 1
V · (M rt+1e)

Ty (77)

E[ (G/Ax,yt+1)
2 | Ft ]

= (G/At + P · 1
P )

2 · xT x+ { S/At + P · (1 P ) }2 · ( 1
V )

2 · yT y

+2 1
V · (G/At + P · 1

P ) · [ S/At + P · (1 P ) ] · xT y (78)

E[ S/Ayt+1 | Ft ]
= [ S/At + P · (1 P ) ] · (1 V ) · (M rt+1e)

Ty (79)

E[ (S/Ayt+1)
2 | Ft ]

= (1 V )
2 · [ S/At + P · (1 P ) ]

2 · yT y (80)

E[G/Ax,yt+1 · S/Ayt+1 | Ft ]
= (1 V ) · [ S/At + P · (1 P ) ] · (G/At + P · 1

P ) · xT y

+ 1
V · (1 V ) · [ S/At + P · (1 P ) ]

2 · yT y (81)

, = (M rt+1e)(M rt+1e)
T + .

A.4 t

(44) (49) .

G/At+1
f =

G/AT
f · G/AT

G/At+1
+

S/AT
f · S/AT

G/At+1
(82)

2

G/A2t+1
f

=
2

G/A2T
f · ( G/AT

G/At+1
)2 + 2 ·

2

G/AT S/AT
f · G/AT

G/At+1
· S/AT
G/At+1

+
2

S/A2T
f · ( S/AT

G/At+1
)2 +

G/AT
f ·

2G/AT
G/A2t+1

+
S/AT

f ·
2S/AT
G/A2t+1

(83)

S/At+1
f =

G/AT
f · G/AT

S/At+1
+

S/AT
f · S/AT

S/At+1
(84)

2

S/A2t+1
f

=
2

G/A2T
f · ( G/AT

S/At+1
)2 + 2 ·

2

G/AT S/AT
f · G/AT

S/At+1
· S/AT
S/At+1

+
2

S/A2T
f · ( S/AT

S/At+1
)2 +

G/AT
f ·

2G/AT
S/A2t+1

+
S/AT

f ·
2S/AT
S/A2t+1

(85)
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2

G/AT S/AT
f

=
2

G/A2T
f · G/AT

G/At+1
· G/AT
S/At+1

+
2

S/A2T
f · S/AT

G/At+1
· S/AT
S/At+1

+
2

G/AT S/AT
f · ( G/AT

G/At+1
· S/AT
S/At+1

+
G/AT
S/At+1

· S/AT
G/At+1

)

+
G/AT

f ·
2G/AT

G/At+1 S/At+1
+

S/AT
f ·

2S/AT
G/At+1 S/At+1

(86)

A.5 Mortality Index, Mortality Derivatives

A.5.1 Mortality Index

2009 6 , 4 . SCOR Global

Life SWAP JP Morgan LifeMetrix .

9

Credit Suisse Credit Suisse 2006 3

Longevity Index

LifeMetrix JP Morgan 2007 3

2007 3

2007 10

2008 4

Xpect Deutsche Börse 2008 3

2008 4

QxX Goldman Sachs 2008 3

A.5.2 Mortality Derivatives

, ,

. ,

.

10 Mortality Swap

/

Jan-2008 SCOR Global Life 4 115%/125% 1 +3600

Feb-2008 Lucida

( 1) ”Trading Risk”, Issue Number 2, March/April 2008.

( 2) Johanna Symmons, ”Lucida guards against longevity”, Financial News, 19th February 2008.

( 3) SCOR Press Release, ”SCOR enters fully collateralized USD 100 million and EUR 36 million

mortality risk swap”, 3rd March 2008.
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11 Mortality Index Bond

SPV /

Dec-2003 Swiss Re Vita Capital I 4 3 130%/150% L+135bps

Apr-2005 Swiss Re Vita Capital II 6200 5 120%/125% L+90bps

2 5 115%/120% L+140bps

1 5 110%/115% L+190bps

May-2006 Scottish Re Tartan Capital 7500 3 115%/120% L+19bps

8000 3 110%/115% L+300bps

Nov-2006 AXA Osiris Capital 1 4 114%/119% E+20bps

5000 4 114%/119% E+120bps

1.5 4 110%/114% L+285bps

1 4 106%/110% L+500bps

Jan-2007 Swiss Re Vita Capital III 9000 4 120%/125% L+110bps

5000 5 120%/125% L+112bps

3000 4 120%/125% E+110bps

1 4 120%/145% L+21bps

1 5 120%/145% L+20bps

5000 5 120%/125% L+21bps

5500 4 120%/145% E+21bps

5500 4 120%/125% E+22bps

1 5 125%/145% E+80bps

Feb-2008 Munich Re Nathan 1 5 120%/130% L+135bps

( ) ”L” LIBOR, ”E” EULIBOR .

( 1) JP Morgan, ”LifeMetrics Technical Document”, 13th March 2007.

( 2) ”Trading Risk”, Issue Number 2, March/April 2008.
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A dynamic optimal portfolio strategy for the insurance liability

exposed to uncertainty in the capital market
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Abstract

In current accounting system for japanese insurance company, the amount of the liability reserve based

on the insurance mathematical principle is recognized as value of the contract. However, when we plan the

investment or hedge strategy, it is preferable to consider derivatives to which the value of the insurance

contract is written on the actuarial assumptions, and to refer to a fundamental uncertainty. But, the

practice of this action is not easy. The rst cause is that all of actuarial assumptions are not tradable

in the capital market. For the second cause, in the case of level premium, hedge source are not always

enough. In this paper, we will improve Brandt, Goyal, Santa-Clara and Stroud[2005] to ALM-approach,

and structure the hedging strategy for the variable annuity with minimum guarantee bene ts under

the assumption that can trade a part of the fundamental risk in the capital market. As a result, an

approximation to derive the optimal solution of the general account portfolio, to show a numerical

analysis of dynamic optimization.

Keyword Incomplete Market, Multi-period Dynamic Optimization, Asset and Liability Management,

Liability Driven Investment, Variable Annuity
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