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ý��Zä89 dYt = �{ȳ(t)� Yt}dt+ �dWt � dJt >ij
D&%H.

ÌH#, Cairns, Blake and Dowd[2006] .opGHTÛ#º»²#¬Û ÜN>å2NHm
#5æÕ.

KH�ID1_%. �6_^Í¦çèl�#Øé=1Hº»²
9v�à�ê*10.z4#$%&ë�D, ì-

�à�ê>å~m
>í|GH2W, î�
ïð#zD&-�-GHm
.ghJKÚÛ
Ë·^1H2WJ

KH.


ý��>ijGH�
��&J5, Lin and Coxc[2006].ñò�_º»²
��>Ô¦GH2W, z«-

�89#ÞóEsßº»² qt #
ý���ÌÍ��#TH���©>3ÄD,

q̃t =

½
qtY[Nt�Nt�h] (
ý��Ø¤;�² p)
qt (
ý��ôØ¤;�² 1� p) (6)


D&%H. mmJ5¬Û ÜN5ëõ=1&%_%.

¶2, Lin and Cox[2004a].opGHTÛ#, º»²,}±é#Igh.âÛ. ö÷qø�ù�úû [2004]

5üQ��>ijGHm
#TH��×ÕNý¸Bþ
ÄkQ>«|D&%H., º»²Ô¦,û�#$]H

ÄkQw|5��
�ÕJKH. 
U0], ¤�'��¨©VP
2W#5��Òþ�
¯Ç.x�
Ë·^

1H.

��J5, Lee and Carter[1992]
CãGH Lee-Carter,û�*11>�jGH. Lee-Carter,û�5Boº

»*?#��Ny, `a t, �½ x
º»² qx,t 
z«Q>,

ln(qx,t) = �x +
X

	x�t + 
x,t (7)

*10 �¤�	�. 2007� 7� 26�#ØÔD2¬­ 18�
�¤¸ÔJ��J¾H.
*11 !Î¹"'��×�æÕ��
 [2006]J5, �- Lee-Carter,û�.ij=1&%H.

JARIP-03.indd   4 2010/07/13   10:45:26



日本保険・年金リスク学会誌 Vol.3 No.1 2008

―5―

X
	x = 1X
�t = 0


B¯GH�*JKH.

Ö#�óD2 Parametric,û�J5�+
�½#$]Hij�.��
_H., Lee-Carter,û�J5�

�æÕa>��J¾H. ���þ� �, 	, � 5�áQB¯#TU��ã�«|>/·ÍT%.

2ëD, Brouhns, Denuit and Vermunt[2002]5ø (7)#TH±é2�
65Q
:;��.�áQB¯>

�<2��ã�«|
BC>nBä
D&%Hm

opD, ���þ�«|> Newton-Raphson *J/%,

�à�# PoissonBþ>K&5W&%H. ¶2, Lee-Carter ,û�
íîa
D&, î�
ïðef{|�-

#�GH89>ËËNy, V��v©
� 5ëõ=1_%m
#!î>"D&%H. �#�$�È÷%�&

[2005], �#�$ [2005] 5�à�#-�Bþ>89GHsß�_ Lee-Carter ,û�
 Poisson '() Ü,

û�>��D, �½���þ� (�, 	)5.c
«|Q.�*GHI

, +����þ� (�)#5��9�


�à.¤yHm
, sß�_ Lee-Carter,û�
TàB,�^, O½c-#$]H�à�
BäÅÛ�N>�

�D, BäÅÛ�N>M��#ËËGH Poisson'() Ü,û�
q.!.�.O%ëÚÛ
±íD&%H.

*12

3.2.2 ;�0<

¡¢Nef�áN>k=_%'(/0#~%&
(-PQ5, �¨©12>ëõD2z43ý��üù4þ


h5¦çPQ#TU|Å=1H. �¨©125®6½² ®̄�²é� ®̄3ý��üù4þ¯#TU/01,

Casualty Actuarial Task Force[2000] J56½²>12GH CAPM*, £½P§>Þß
GH7'(*, Ü

Ý
Ü�
(-PQàÂTUäa
(-PQ>VPGHñ8*, XYBþ
�²é��*#TU�¨©�4þ

ûú�9>/Ûé��**n.&�=1&%H. mmJ��!
¤¸'(¡¢>tUuH
, 2008� 2�¦ç

7):;GHb&
'(½�"¹.�Ä¢A)JKH*13. m
2W CAPM*efñ8*5z{�^Ê©=1

H. 7'(P§#5c7��7"¹
!jÚef�7"¹
<<.��GH2W, (-PQVP
2W#5��

+B>ÉÊD_]1Í_^_%. 7'(*
ij5, =�&æÕ>>?#D&D¶ÛëÚÛ. ��J5'("¹


@A)Ê#ÞóE��>�]y, Bç�û��ÒúÓ>ÏCb&
3ý��üù4þ.VPEFJKH*14é

��**>�jGH. mmJ, íîGï¾a5º»²#~%&¡¢5�� 
%Ûm
JKH.

�� ¡¢#$%&5, �¨©DÎ�²é�5�î#|¶^_%. m
2W, �²é�
"#�*5>«
I


.Cã=1&%H., ��J5 Distortion�**15#EGHWang�**16>�jGH.

Wang�*>�jGH�F5, ���� [2006]JopD2
$UJKH. ��# Risk Measures
D&
'

(´efæçß Á. CoherentN*17>kGHm
, �ã#ÜÝ
äa>2jD&¤·Hm
, �ð#G�<

H
ZÙ.<�JKHm
*18, �I#�*z{
������¨, sß-�Bþ�«efJ�«.jî=1&

%Hm
>BC
D&«Q¯,.<�JKHm
, �K#�*#¢D&5p²
�ç>�ªD_%m
, 
%Û

È
>kGH2WJKH.

*12 _$, �à�>-�BþN (0, �2)
GH¢j
K&5¶U
L=5, ���þ� �, � 
n«#��GHEFN>� 27 JAFEE

MN[" (2007� 8� 3�, MO[�PQy3ý��¨)
ØÔ`#R¬S�TUV (gW�[�)TUop=12. «|`
n«

Ç|#Iíî.x�
_ÚÛ.
*13 ÷ø"¹ T&DXþ�ûú�9¨efYZþùú[��ý�Xþ�ûú�9¨÷ø"¹5å÷"¹JKU, ½�"¹J5_%.
*14 American Academy of Actuaries[2002] 
�G®z43ý��üù4þ
h5¦çPQ¯
VP>?
�ð>?J5, b&


3ý��üù4þ>VPz{
GHm
.�ª=1&%H.
*15 Distortion�*#~%&5, McLeish, D. L. and R. Mark Ressor[2003]#\D%.
*16 Wang�*
\]#~%&5Wang[2002][2003][2004]>Öf=12%.
*17 Coherent Risk Measures#~%&5 Artzner et al.[1999]>Öf=12%.
*18 G�<Wang�*#~%&5 Kijima[2006], ^_-M��D`� [2007]>Öf=12%.

JARIP-03.indd   5 2010/07/13   10:45:26



―6―

Wang�*J5, º»² qx,t 
Bþ�« F (·)>nø#TU�*GH.
FQ(qx,t) = �[�

�1[FP {qx,t)} � �t] (8)

G_0+,

dQ

dP
|Ft =

�[��1{F (qx,t)} � �t]
�[��1{[F (qx,t)}] (9)


_H. 2ëD, �(·)5sß-�Bþ
�²a��«, �(·)5Bþ�«, ���þ� �t 5�¨©
¡¢P§J

KU, mmJ5`ñ#��GHm
>BC
D&%H.

�à�#-�Bþ>K&5W1Í, Pé�v#$%& (7)ø5

ln(qPx,T ) = �x +
X

	x�T + �W
P
T (10)

JKH
J,

qx,T
P |Ft = qx,tP exp[

X
	x�T + �W

P
T�t] (11)

WP
T #zD&Wang�*>ijG1Í

dQ

dP
= e

��
T
WP

T ��2

2 (12)

>PH. 3�&, Qé�v#$%&5

qx,T
Q|Ft = qx,tQ exp[

X
	x�T + �(�T

�
T � �t

�
t) + �WQ

T�t]


_H.

3.2.3 ,-./01=
 > (?@'AB)�CDEFG�HIJ56)

��J5'("¹.'k��
(-PQuP>�[-=NHTÛ#���	
��DDE5����>/Û

I

í|GH. 3�&, ��B(-PQ>/ÆP§, ���(-PQ>>ÜÝ
GH Put Otion #TU.c


rsPQ>|ÅGH.

��J5���	��r#TU'(´5¼Â=1y, '(Á
:.uÂ=1Hm
>BC
D&%H. 3�

&, � � `a#���	��=12æçß Á(-PQ5no
TÛ#Ô¦J¾H.

0V
first,MV

x+� :n�� = (
�V

start
x:n

Afirst
x+� :n��

+
P startx:n

P first
x+� :n��

)AMV
x+� :n�� � P startx:n äMV
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 d�»#TUPQVP,û�.�-G

H2WJKH. ��
�*53SÞ0²>��Ny, @AÁBC#TU'(Á¼Â>eHI
JKH. m
¢j

#5��` (uÂB)'(ÁÂ>I8D2�I'(´��.?@=1, >ÜÝ
D&'kÜÝ.%è=1Hm



_H. �ã
�*5���	���
(-PQef��s�>Ðf
D&�*>/%, ��`'(ÁÂ#�

��ì'(ÁÂ.Å\GH+B>?@'(´
bc#TUgôGHI
JKH. 2ëD, '(��c.��`

'(´>I8GH'(´äå>;<GHm
>í|D_%. ��J5�c>�jGH.

� �2 `a#'("¹.���	���, � �1 `a (�2 < �1)#'(��c.�*GH¢j
'(´ef'

(ÁÂ5no

$U
_H. 2ëD, SD5��z{��#zGHs���µ¶ÂJKH.

�*� P = max[ [min[ P startx:n , (1��*��ì S)P second
x+�1:n��1 ] , 0 ] (17)

�*��ì S =
SD + �2V

start
x:n

Afirst
x+�2:n��2

Afirst
x+�1:n��1
Asecond
x+�1:n��1

+
P startx:n

P first
x+�2:n��2

�1��2V
first

x+�2:n��2
Asecond
x+�1:n��1

(18)

�*�¬ß S = max[ [min[
P startx:n

P second
x+�1:n��1

, 1��*��ì S ] , 0 ] (19)

3�&, � �1 `a#$]H�*rPQ5

V alue(CV ; �1| F�2) = sup
�1

EQ[e
� R �1

�2
ruduPayoff(�1) | F�2 ] (20)


G1ÍT%. 2ëD,

Payoff(�1) = max[ (�*� S ��*B S)AMV
x+�1:n��1 � (�*� P � P startx:n )äMV

x+�1:n��1 , 0 ] (21)

JKH. mmJ, �*� S5�*��ì S
�*�¬ß S
j3ÂJKU, �*B S5���	��DDE5

�����
�ì Sef¬ß S
j3ÂJKH.

�����
Ä#Ñ�1H�����
D&VPGH
JKH�^, � �2 `a#$]H���	��r
s

P5ø (14)TU (20)>ÉÊG1ÍT%. 2�
D&, `a t#$]H���	��r
PQ5

V alue(RD; �2 | Ft) = sup
�2

EQ[e�
R �2
t ruduPayoff(�2) | Ft] (22)

#TUhc=1H.
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4 %>LMNO

4.1 Lee-Carter!"#
PQR�ST�


�¤¸Ô
ÕNº»²>ôÚ� 
D, ø (7)
���þ�«|>/Û. m
2W#5,

minimize
�X
x=0

TX
t=1

{ln(qx,t)� (�x +
nX
	x�t)}2 (23)

� L1[�0, · · · , ��;	0, · · · , 	�; �1, · · · , �T ]

subject to

�X
x=0

	x = 1

TX
t=1

�t = 0

>¯]ÍT%.

��J5 1987 ��^ 2005 �>Øéhñ
D2���þ�«|>�áQB¯#TU/%, z4B
 �t >

ARIMA#TU«|D2. �à�5�½ef`a#��D_%-�Bþ N (0, �2)>ijD, � 
«|2�
D
& 0.03456>P2.

e 1 Lee-Carter Model
i (�½) e 2 Lee-Carter Model
j (�½)

e 3 Lee-Carter Model
k e 4 k (1987-2005)
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Ô 1 Lee-Carter Model#$]H���þ�

�½ � 	1 	2 	3 	4 	5

0 4 5.5101 0.0208 4 0.0139 4 0.0297 0.6503 4 0.3540

10 4 8.9957 0.0222 4 0.0629 0.1525 4 1.2789 0.8847

20 4 7.2709 0.0161 0.0288 4 0.0498 4 0.1816 0.1737

30 4 7.1823 0.0015 0.0167 0.0600 4 0.1787 4 0.1941

40 4 6.5086 0.0028 0.0624 0.0210 4 0.0680 4 0.4180

50 4 5.5243 0.0055 0.0115 0.0494 0.4628 0.0312

60 4 4.5930 0.0101 4 0.0123 4 0.0567 4 0.0895 4 0.0532

70 4 3.6958 0.0081 4 0.0010 0.0183 0.3771 0.2201

80 4 2.6523 0.0126 0.0043 4 0.0153 4 0.0609 0.0769

90 4 1.6839 0.0105 0.0043 4 0.0279 4 0.1068 0.4246

Ô 2 Lee-Carter Model#$]H���þ� (2)

�« �1 �2 �3 �4 �5

1987 11.8330 0.8525 0.3770 0.0130 4 0.0656

1988 11.9430 0.8306 0.1436 4 0.0122 0.0287

1989 10.2490 0.4699 4 0.0873 4 0.0251 0.0181

1990 9.9979 0.3553 4 0.4464 0.0163 4 0.0218

1991 7.3512 0.1510 4 0.4831 4 0.0141 0.0348

1992 7.8563 4 0.2654 4 0.3818 0.0025 0.0108

1993 5.7392 4 0.5698 4 0.3049 0.0008 4 0.0037

1994 4.3411 4 0.8570 0.0639 0.0131 4 0.0419

1995 7.0338 4 1.0765 0.5383 4 0.0351 4 0.0115

1996 4 0.3937 4 0.6515 4 0.0563 0.0386 0.0108

1997 4 2.4740 4 0.4675 4 0.0755 4 0.0264 0.0522

1998 4 0.4088 4 0.0712 0.2701 4 0.0094 4 0.0198

1999 4 2.4175 0.1454 0.7507 4 0.0032 0.0648

2000 4 6.3878 0.0305 0.1487 0.0268 4 0.0207

2001 4 9.7975 0.2998 0.0067 0.0117 0.0127

2002 4 12.1780 0.3100 4 0.2457 0.0002 0.0027

2003 4 13.6380 0.5534 0.1546 0.0212 4 0.0103

2004 4 14.8040 0.0191 4 0.1102 4 0.0165 4 0.0193

2005 4 13.8480 4 0.0585 4 0.2626 4 0.0548 4 0.0210
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e 1 �^e 4 5Øéûþ�>®1962 �l 2005 � ®̄1980 �l 2005 � ®̄1987 �l 2005 � ®̄1996 �l

2005�¯#�BD*19«|D22�JKH. e 1TU, �½�� �x 5Øéhñ#5��Nym|GHI

Ë

·^1H. ÌH#, �½�� 	x 5Øéhñ#TU)³5[¾E�-D&%H. ¶2, `ñ�� �t 5n(
)³

5o&%HI

, éß5á_�&%H. ��2�#5�p�½ 
 
àá.��D&%Hm
Ií|=1H.,

Brouhns, Denuit and Vermunt[2002]
®î�
ïðef{|�-#�GH89>ËËNy, V��v©
�

 >ëõD_%¯
GHop>¥:1Í, Øéhñ>Èh-GHm
5 \GHm
.¹hJKH
I¯qJ

¾TÛ.

4.2 Wang0<
PQR�ST�

r� [2006]J5 �
³Ê�->í|D&%_%. ÌH#, º»²9v#â%z4
JÌ'(´.9vGHm


>¥:1Í, �Ì#�¨©
¡¢P§IstD&9vGï¾JKÚÛ. ÀmJ��J5, u`a#$]H±|

s²ef±|º»²*20#TUVP=1HJÌ'(´
2jGHTÛ#Wang �*
���þ� �(it; qx,t) >

Ç|D2.

EQ[e�
R t+1
t

ruduqQx,t+1 | Ft] = vtqsß¤¸Ôx,t

v�(it; qx,t) =

Pt�1
k=0[ln vkq

sß¤¸Ô
x,k � lnB(k, k + 1)qQx,k]� [	x(�t � �0) + �2

2 t]

�
�
t

(24)

mmJ it 5� t`a#$]H±|s², B(t, T )5� T `a#]h>w·H!j�¨©
_%6½a
� t`

a#$]HP§JKH. _$, ø (24)
hc895 Appendix#�G.

Ô 3 Wang�*#$]H���þ� �(i1; qx,1)

JÌ'(´3S
ij±|s² 
� sß
�½

1.5% 2.0% 2.5% 3.0% ¤¸Ô ¤¸Ô

0 4 28.9667 4 29.1089 4 29.2503 4 29.3911 0.00298 0.00108

10 13.4273 13.2851 13.1436 13.0028 0.00009 0.00014

20 12.5398 12.3976 12.2561 12.1153 0.00056 0.00084

30 3.9824 3.8402 3.6987 3.5579 0.00074 0.00086

40 0.8000 0.6579 0.5164 0.3756 0.00144 0.00148

50 4 0.3123 4 0.4545 4 0.5960 4 0.7368 0.00358 0.00365

60 4 1.2561 4 1.3983 4 1.5397 4 1.6805 0.00894 0.00834

70 4 0.1348 4 0.2770 4 0.4185 4 0.5593 0.02138 0.02193

80 1.0379 0.8957 0.7543 0.6135 0.06031 0.06039

90 3.5044 3.3623 3.2208 3.0800 0.16312 0.17900

(! 1) 
�¤¸Ô5®¬­ 18�
�¤¸Ô¯
ÕN
²JKH.

(! 2) sß¤¸Ô5®¤'sß¤¸Ô 2007(º»'(j)¯
ÕN
²JKH.

*19 
�¤¸Ô
�p�½ � >Þß
D29�þx�9JKH.
*20 `a 0#$%&5, ¤'sß¤¸Ô 2007(º»'(j)>ijGH.
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|ÅøTUM^�_TÛ#, �5º»²efsÐ²
³Êy�#~%&, z{§|
:_^yb&
}�>Ö

fGHm
#_H. �
z~�_¯q5, '(´efæçß ÁS|
Þ0
_H¤¸Ô#$]Hmb6¼
�

áJKH. m
2W 0�ef 50� 70�#Ç^1HTÛ_®äQ>
H �¯5��~>�·H
mÚJKÚÛ

., m15��+B#$%&¬­ 18�
�¤¸Ô*21
².sß¤¸Ô 2007(º»'(j)
²TUIOE_�

&%H2WJKH.

_$, e 3 #�G Lee-Carter,û�
`ñ��
���þ� �t �^I��J¾HTÛ#, º»²5��_

9u��#KH. m15èl�#Øé=1H�à�êJKH*22. 8Æ#Øé=1H�à�ê>ëõGHm
#

_H2W, z4#$]H±|º»²
éßI`ñ68#â%9vD, stD&JÌ'(´.9vGH. u`a,

u³Ê#$]HJÌ'(´
2j=NHTÛ#Ç|=1H2W, 2�
D& �
éßI9vGH. m15Ô 4

efe 5#$%&��GHm
.J¾H.

Ô 4 Wang�*#$]H���þ� �(it; qx,t)

�þ���Ì�Q
`a

0.5%Q 25.0%Q 50.0%Q 75.0%Q 99.5%Q

1 3.9824

2 2.7659 2.7999 2.8266 2.8614 2.9972

3 2.2611 2.2923 2.3182 2.3536 2.5019

4 1.9580 1.9874 2.0132 2.0490 2.1965

5 1.7515 1.7810 1.8064 1.8428 1.9997

6 1.5993 1.6283 1.6535 1.6895 1.8478

7 1.4808 1.5091 1.5346 1.5716 1.7286

8 1.3853 1.4135 1.4390 1.4743 1.6336

9 1.3058 1.3345 1.3596 1.3956 1.5529

10 1.2389 1.2671 1.2925 1.3283 1.4831

11 1.1817 1.2096 1.2345 1.2702 1.4209

12 1.1315 1.1592 1.1841 1.2192 1.3722

13 1.0869 1.1149 1.1393 1.1744 1.3253

14 1.0477 1.0748 1.0993 1.1343 1.2859

15 1.0119 1.0391 1.0634 1.0981 1.2439

(! 1) VPz{
�'(c5 30�JKH.

(! 2) ��`±|s²5 1.5%JKH.

*21 2007� 7� 26�, �¤�	�[­���3� +ØÔ.
*22 &·Í, Bo®¬­ 18��
�¤¸Ô¯ �ÑJ5�©!
¬Ûý¸
�n«�.�=1&$U, 1965��^ 2006�#$]H`

ñ68#âÛ¬Ûý¸
�f, G_0+, º»²
9v>��GHm
.J¾H.
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e 5 �(it; qx,t)
hñY�

4.3 Cox-Ingersoll-Ross Model
PQR�ST�

¨ß���àþ�,û�#5

dr = �[r̄ � r]dt+ ��rWt

>�jD, 2007� 5� 4�
Ás�a¦ûþ�#TU���þ�«|>/�2. 2�
D& �# 0.07745, r̄#

0.04163, � # 0.01047>P2.

4.4 ,-./
01UV234&
=� >� 

º»²
sÐ²
Ä#Ñ�1Hû��ÒúÓ
D&'(��
(-PQ>��D, ��B(-PQ>/ÆP

§, ���(-PQ>>ÜÝ
GH Put Option
D&rsPQ>VPGH. G_0+, /ÆP§5`ñef³

Ê#TU�-D, �~, çî
`a#rs/Æ.EF_ American Moving Strike Put OptionJKH. mmJ

VPz{
'(/05'(hñ 15�
¾¿'(
D2. _$, �¨©
¡¢P§ (Wang�*
���þ� �)

>`ñ��=NH2W#, JçN
O%«Q¯,�»
D& Longsta� and Schwartz[2001]
CãGH��ã

�,�Ò��4* (vv, LSM*
ÑE.)>ijD2.

]hvB#rs/ÆEF_û��ÒúÓ5, ����>�åGHm
#TH?@PQ
rs/ÆGH¢j#

P^1H�Ì�ù>��D, �c.Bc>Ä H¢j#rs/Æ./01H. LSM*
5, � t`a#$]H

Ì������þ
������¨#~%&, ��`a#$]H³Ê�«>·M�«, � t +�t`a#$]H

�Ì�ù>¨ß���àþ�J �t hñ6U�D2Q>3E�«
GH ÜB,>/%, P^12 Üø#T

U?@PQ>«|DTÛ
GHI
JKH. '(BõJ5 Andreatta and Corradin[2003]
¯�rVP>Ö

/&
�~
D&o¿Hm
.J¾H.
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��J5º»²
Å�§N>b�½J�kGH2W, �Ìx�«>�
GHo«�«Q exp(�WQ
T )>º»²

#z¨GH³Ê�«
D2. �q, sÐ²#~%&5�*>/�&%_%. Cox-Ingersoll-Ross Model
�¨

5-Q#k|=1H2WJKH. ¶2, Þ��«>Y­GHz)G�ø#5 10n
 LaguerreG�ø>ijD

2. «Q¯,5 Compaq Visual FortranJ/%,  ÜB,#5 IMSL «Q3S�ÌÓ��
 DLSBRR >i

j, �/ «5 10,000 
D&%H.

'(«�#$%&ijGHsßº»²5�º»²#zDmb6¼>3ÄD, rsrPQVP#$%&ijG

Hº»²5�º»²>é��*GH. mmJ, mb6¼5 2005�
�¤¸Ô#zGH¤'sß¤¸Ô 2007(º

»'(j)
�.�|JKHI

�|D, ���½�'«>�º»²#�yHm
Jsßº»²>|ÅD&%

H. 3�&, sß¤¸Ô#$]Hmb6¼5�º»²
éß#�&GHm
#_U, �º»².9vG1Ímb

6¼.�t=1Hm
#_H. ��sß¤¸Ô#2j=NHm
#THWang�*
���þ� �
hñY�

5Ö#�D2�UJKH.

z4#$]H±|s²5u9��ê�ßÌ��#$]H 10�s¶a¦
�þ�©þß�
D&%H*23.

4.4.1 ?@'AB)�CDEFG�HIJ56

ø (14)efø (16)�^5, ursPQ
��
D&no
=<>��J¾H.

��#��B
'(´ Px:n efæçß Á �Vx:n .�=%��, G_0+, ±|s².O%��, ¶2, ±

|º»².9%�����	��DDE5����#TU'(c.P^1HsP.[¾E_Hm
JKH. �

�c
XY
D&�:á·1Í, �Ì
m

D&�¯J¾TÛ.

�ã#u��
sPefrs/Æ`hH
��JKH.
P start
x:n

P
x+�:n�� first

5 � .]h#{E_H��B�.[

¾E_H2W#�uD,
�V

start
x:n

Afirst

x+� :n��
5`ñ
68

I#�¼D, ]h`#5 1#8 GH. 3�&, Bc5r

s/Æ>¡^NHÌ���ÒúÓ>Ý·, �c5rs/Æ>gWHÌ���ÒúÓ>Ý·Hm
#_H. ��

�	
��
����J5, Bc5��GHI

, �c#5àá.¤<&%H. æçß ÁÃu>;<D_%

���	
��
q., ����TUIrs/Æ.gW^1Hm
#_H. m15PQVP
�`#, «Q�#

��GHm
.J¾H.

e 6 ���	��ref����r
T�²

*23 ��Ç|Þß#ÞóE±|º»²ef±|s²5[����� 48�®sßæçß Á
pÎqøef3SÞ0²>|WH	¯
5

xyDI�*D_%.
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e 6 5¢£#`ñ, ¤£#T�²>
U, ���	
��ef����
rs./Æ=1y#T�GH�¨

>��D2I
JKH. 68 1�m>ÇH
, �1
±|s²
@#$%&I����
T�².���	


��
T�²TUIOE, vw
hñJJ�D&%H. ¶2, ����
T�².���	
��
À1TUI

Oéß#KHhñ5±|s².OE_H#â%Èh-D, ±|s² 2.5% 
@J568 3 �m¶J, ±|s²

3.0%
@J568 5�m¶J
_�&%H.

=&, ���	
��TUI����
T�².O%
%Ûm
5, ��hñ#$]HBc
rs/Æ.�c

TUIG%
%Ûm
JKH. ÀmJ, n
»¼J5rs/Æ
/01H³Ê>��GH.

¥68 1�m#$]Hrs/Æ¦§
��¨

e 7 ©h±|s² 1.5%
¢j e 8 ©h±|s² 2.0%
¢j

e 9 ©h±|s² 2.5%
¢j e 10 ©h±|s² 3.0%
¢j

(!)�'(c�½5 30�JKH.

e 7�^e 10J568 1�m#$]Hrs/Æ¦§>�D&%H. e
¤£
¢£5 LSM*
 Üz{


_H³Ê�«JKU, u³Ê�«
)a.Ó��©
+B#KH¢j#5, rs/Æ#TUP^1HsP.?@

PQ>v H2W����ef���	
��5/01_%. e 6#�4��=1H®T�GH�¨¯
³Ê

JKH. �q, ³Ê�«
)a# �.ª21H¢j*24#5���	
��ef����., ×.ª21H¢j
#5����
:., •.ª21H¢j*25#5���	
��
:./01H.

rs/Æ¦§.e
v+#«�GHm
5, rs/Æ
Ø¤GH6ì��
�~., ¡DÁs
;<éß>I

·H9vJKHm
>îÄD&%H. ¶2, º»'�/0#$%&5, ;<éß>I·Hº»²
Ä7.rs/

*24 9�ùv+
¬%�þ�þ¦§.
*25 9�ùÄ+
­%�þ�þ¦§.
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Æ
Ø¤��
_H. rs/Æ¦§.¢£#zD&z®
5_^y¯°.9E_Hm
5, sàX>ºà�.

LMGHI

D&, ±°.OE_Hm
5, ºàX.sàX#èS=1HI

¯qJ¾H. ��2�5zØ

�_�¯
I2jGHI
JKÚÛ.

�#, ��`#w|=1H±|s²
éßIrs/Æ¦§#5��GH. ij=1H±|s².��`a


���#ij=1H² (1.5%)JKH¢j#5, ���	
��
����
ñ#rs/Æ¦§
[¾_àá5

¤<&%_%. (e 7), ij=1H±|s².OE_H����
¦§ (�)ë]J5_E, ���	
��#'
H¦§ (•).Z[D&%H.
�1
e#$%&I, •5 �
Ä+#«�D&$U, ±|s².OE_H#~1&¯°#«�D&%E. ��
�	
��#'Hrs/Æ¦§.����#'HÀ1TUI[¾%
%Ûm
5, TU²%³Ê�«
FGJ

�¨.³òGH
%Ûm
JKH. ¶2, ¦§
Ä+# •.ª21H
%Ûm
5, ¡DsÐ²
9v.´%»
¼J���	
��.����#µÖD&/01Hm
>îÄD&%H. G_0+, æçß ÁÃu
�Ï5

rs/Æ#àá>Ý·&%H
%Ûm
JKH.

�p»¼JÔ 5>ÇH
, ���	
��5����#��DrsPQ.9E_�&%H. ��2�5, '(

��c
6ì�äå.lu=1&%HI

�:á·Hm
.J¾HëÚÛ.

Ô 5 ���	
��
����
rsPQ

���	
�� ����

��`±|s² ��`±|s²�½

1.5% 2.0% 2.5% 3.0% 1.5% 2.0% 2.5% 3.0%

0 0.0039 0.0207 0.0445 0.0717 0.0192 0.0297 0.0509 0.0773

10 0.0039 0.0207 0.0445 0.0718 0.0193 0.0298 0.0510 0.0775

20 0.0039 0.0206 0.0444 0.0714 0.0192 0.0297 0.0508 0.0771

30 0.0039 0.0206 0.0443 0.0713 0.0192 0.0295 0.0508 0.0769

40 0.0038 0.0203 0.0438 0.0705 0.0190 0.0293 0.0504 0.0761

50 0.0035 0.0194 0.0423 0.0681 0.0185 0.0284 0.0487 0.0737

60 0.0029 0.0176 0.0388 0.0630 0.0177 0.0264 0.0451 0.0686

70 0.0018 0.0125 0.0298 0.0498 0.0167 0.0222 0.0365 0.0554

4.4.2 ?@'AB)�CDEFG�K)56

��z{��cH
s���>í|GH¢j
���	
��rsPQ5, ø (22)#�G
$UJKH. G

_0+, ���	
��>�	
D&s���.§�=1H
JKH�^, z4#$]H�*rPQ>���	

���
(-PQTUÉÊ, ��PQ
���	��B
(-PQ>z�D, sP>VPG1ÍT%.

��rsPQ5, -¶Y�>å~§Ð*#TUVPGHm
.EFJKH. r� [2007a]J5���	
��

ef����#~%&, z4#$]H�*
k¹>ËËD2rsPQ
VP>/�&%H.
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A Appendices

A.1 �$%W'AB)*X
YZ

�½ x
¤�c«> lx, º»c«> dx 
GH. çî
`a t#$%&, ¤�c«
º»c«
�'5no



$U
_H.
lx+t � dx+t = lx+t+1 (25)

�½ x
�'(c#zGH'(ÁÂ 1, '(hñ n, ��
¾¿'(
'(´ P
x:n| 5, n
�Ï#TUªW

Hm
.J¾H.

[\] ¾¿'(
5'(É6Ø¤` (º»`) ef'(É6ôØ¤vJ
]h`#'(ÁÂ>µ¶GH'

(/0JKH. 3�&, µ¶Â
¦çPQ Sx 5, '(Á>hÀ�, ±|s²> i
GH
nø#TU|

Å=1H.

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

(26)

mmJ, v = 1
1+i ,

lx+t
lx
=t px,

dx
lx
= qx, Dx = v

xlx, Cx = v
x+1dx 
GH
, ø (26)5

Sx =

n�1X
u=0

vu+1upxqx+u + v
n
npx (27)

� =

n�1X
u=0

Cx+u
Dx

+
Dx+n
Dx

(28)


_H.�#, Nx =
�P
u=0

Dx+u, Mx =
�P
u=0

Cx+u, 
G1Í,

Sx =
(Mx�Mx+n) +Dx+n

Dx
:= A

x:n| (29)


��J¾H.

^_] �â#D&'(´
8ô¦P Gx >ªW^1H. '(´bc.¬ß�#/01HI

G1Í,

Gx = Px:n| ·
1

lx

n�1X
u=0

lx+u
(1 + i)u

(30)

= Px:n| ·
n�1X
u=0

vuupx (31)

= P
x:n| ·

Nx �Nx+n
Dx

:= P
x:n| · äx:n| (32)

�$`
a� µ¶¦P
8ô¦P.nP
_HTÛ#, G_0+, 8���
>?#?U, '(´>Ç|G1

ÍT%.

P
x:n| · äx:n| = Ax:n| (33)

v Px:n| =
A
x:n|
ä
x:n|

:=
(Mx�Mx+n) +Dx+n

Nx �Nx+n (34)
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`aJí'D&$Eï¾ÁÂ¯
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D&æçß Á.VP=1H. � t`a
æçß Á tVx:n| >z4*#TU�

�G1Í,

Sx+t = A
x+t:n�t| (35)

=
(Mx+t �Mx+n) +Dx+n

Dx+t
(36)

Gx+t = Px:n| · äx+t:n�t| (37)

= P
x:n| ·

Nx+t �Nx+n
Dx+t

(38)

vtVx:n| = Sx+t �Gx+t (39)

:= A
x+t:n�t| � Px:n| · äx+t:n�t| (40)


_H.

bcdQ�
efg x���
çî
'(��#~%&, � t`a
æçß Á> Vt,'(´> P 
GH. �

t+ 1`a
æçß Á5,� t`a
æçß Áefbc'(´# 1hñ¶sD, hÀ#����#Ø

¤GHµ¶Á>ÉÊG1ÍT%
J, no
TÛ#��=1H.

lx+t+1Vt+1 = lx+t(Vt + P )(1 + i)� dx+t (41)

2ëD, mmJ5hDJ
¯�>í|D&%_%.

=&, ø (41)
.Ñ# vx+t+1 >�y1Í,

Dx+t+1Vt+1 = Dx+t(Vt + P )� Cx+t (42)

>PH. t = 0 � (n� 1)¶JÑÒè·1Í,

Dx+nVn = DxV0 + P

n�1X
t=0

Dx+t �
n�1X
t=0

Cx+t

v P =
Dx+nVn �DxV0 + (Mx �Mx+n)

Nx �Nx+n (43)

��`æçß Á (V0)> 0, ]h`æçß Á (Vn)>|h'(#~%&5 0, ¾¿'(#~%&5 1


G1Í'(´.P^1H.

�â#D&, t = 0 � (t� 1)¶JÑÒè·1Í8Æ*æçß Á., t = t � (n� 1)¶JÑÒè·1Í
z4*æçß Á.P^1H.
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A.2 Wang0<
PQR�ST�

v0q
sß¤¸Ô
x,t = EQ[e�

R t+1
t

ruduqQx,t+1 | Ft]

#$%&, t = 0
GH


v0q
sß¤¸Ô
x,0 = EQ[e�

R 1
0
ruduqQx,1 | F0]

= B(0, 1)EQ[qQx,1 | F0]

= B(0, 1)qQx,0 exp[ 	x(�1 � �0) + �(i0; qx,0) � +
�2

2
]

v�(i0; qx,0) =
ln v0q

sß¤¸Ô
x,0 � lnB(0, 1)qQx,0 � [ 	x(�1 � �0) + �2

2 ]

�
(44)

�â#D&, t = 1
GH


v1q
sß¤¸Ô
x,1 = EQ[e�

R 2
1
ruduqQx,2 | F1]

= B(1, 2)qQx,1 exp[	x(�2 � �1) + �(�(i1; qx,1)
�
2� �(i0; qx,0)) + �

2

2
]

v�(i1; qx,1) =
ln v1q

sß¤¸Ô
x,1 � lnB(1, 2)qQx,1 � [ 	x(�2 � �1) + �2

2 ] + �(i0; qx,0)�

�
�
2

=

P1
k=0[ln vkq

sß¤¸Ô
x,k � lnB(k, k + 1)qQx,k � 	x(�k � �0)� �2

2 ]

�
�
2

=

P1
k=0[ln vkq

sß¤¸Ô
x,k � lnB(k, k + 1)qQx,k]� 	x(�2 � �0)� �2

�
�
2

(45)

vv�â#D&, ø (24)>PH.

�#çî
 t`aJø (24).­ÎGH
¾, t+ 1`aJ5

v�(it+1; qx,t+1) =
ln vtq

sß¤¸Ô
x,t � lnB(t, t+ 1)qQx,t � [ 	x(�t+1 � �t) + �2

2 ] + �(it; qx,t)�
�
t

�
�
t+ 1

=

Pt
k=0[ln vkq

sß¤¸Ô
x,k � lnB(k, k + 1)qQx,k]� [	x(�t+1 � �0) + �2

2 t]

�
�
t+ 1

(46)

JKH. 3�&, «��ÜÓ*#TUø (24).¥MJ¾2.
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