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Abstract

BRI IRBR O PER & F2EE)
“On Risk Management Methods of Equity-Linked Insurance and Practical Problems”

Recently the various types of the equity-linked insurance have been introduced and
actively traded in Japanese insurance markets. We investigate the basic problems of the
actuarial risk management methods for those products based on the Markovian
regime-switching time series model, which was originally proposed by Hamilton (1989)
and applied to the insurance problem by Hardy (2001, 2003).

We argue that they should be carefully used in Japan mainly because the
macro-economic performance of Japan in the past decades have been quite different

from the macro-economies of Canada and U.S..
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000000000500000000000 (RSLN)OOOOO0O0O0O00000 (ILN)
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0000 P(M=m)=p(m)00000000 M;000 [t,n)000000 1000
00000000000000P(M,=m|pi—1) (m=0,1,---,n—t:t=1,---,n—1)
000000000000000m>n—tO0m<000000 O P(M; =m|p—1)=0
000000000

P(M; =m|p—1 = 1) = puP (M1 =m — 1p; = 1) + p1oaP(Myy1 = m|p; = 2)

Joooooooooo M=M000000D000O0OOMDODOODOODOOODO nOO
00o0o0o0oooopDoooooooosS,0n000D00000o0gonDooOogsS,=1
00000008, M ~ lognormal (pu*(M),c*(M)) , p*(M) = Muy + (n — M)us
o*(M) = /Mo?+(n—M)o? 0000000000000 00000000000M
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fu1 01 P12

fl2 op} P21

TSE 300 1956-1999 | 0.012 0.039 0.031
(0.002) (0.001) (0.008)
-0.017 0.068 0.191
(0.014)  (0.010) (0.059)
TOPIX 1956-1999 0.014 0.033 0.055
(0.002) (0.001) (0.015)
0.002 0.061 0.045
(0.004) (0.003) (0.012)
TOPIX 1956-1979 0.013 0.046 0.053
(0.002) (0.002) (0.013)
-0.047 0.065 0.723
(0.005) (0.003) (0.169)
TOPIX 1980-1989 0.012 0.029 0.033
(0.003) (0.002) (0.019)
0.022 0.059 0.070
(0.011)  (0.007) (0.042)
TOPIX 1990-1999 | -0.001 0.058 0.008
(0.005)  (0.004) (0.008)
-0.035 0.105 0.116
(0.056) (0.040) (0.131)

0200000000RSLNOOOODOOODODOODOO
000000 (0000000000000 0O0 M

A~

[ o

TSE 300 1956-1999 | 0.008  0.046
(0.002)  (0.001)
TOPIX 1956-1999 | 0.007  0.051
(0.002)  (0.002)
TOPIX 1956-1979 | 0.009  0.046
(0.003)  (0.002)
TOPIX 1980-1989 | 0.014  0.042
(0.004)  (0.003)
TOPIX 1990-1999 | -0.004  0.065
(0.006)  (0.004)

O3 00dbooogoILNObDobooonon
000000 (0000000000000 0O0 M
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RSINOODOOOODOOD |ILNOOOODODOOOoOO
TSE 300 1956-1999 917.38 888.19
TOPIX 1956-1999 852.48 825.14
TOPIX 1956-1979 477.14 472.16
TOPIX 1980-1989 223.07 206.66
TOPIX 1990-1999 161.40 145.69

0 4200000000000

00000 p(m)00000

n

(3.16) Fs,(x) =P(Sp<x) = > P(S, <M =m)p(m)
o*(m)

m=0
=Y (),
m=0

oo0ooOO0ooOo0e000OD0OO00OODODOOODOOODODOOOOODODOOS, 000
goobogo

zo*(m

(3.17) foulo) = 30 o(EL I L)
m=0

ogboodbepUboooobboobbbobooobobboooboobooboooo
O000000000O0O0O000000 (RSLN)OOOOOOO0OO0O0O (ILM)O0O0O0O
gbooboooboooboooboboobboooboboobooobbooobonon
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goobooobooobooobbobbooobobooboboobboooboon
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00000000000 TSE3o0ODOOODOO TOPIXODOODODOODOOOTOPIXO
1956-197900000000000000000TOPIXO 1980-1989 00000 TOPIX
0 1990-1999 000 0000D0O0O00DOO0O000Db0o0Db0o0o0oboboonDooon
gbbooobogooooboooboooooon

00000 200000000000000000O0DO0O Sy=1000000000
goobobgoobogoooobobgoo oo robobooobobobuoboooo
0000000000 (ILN)DOODOoOoOO00oOOo0ooOooooO (RSLN)ODOOooOoO
gobobooobooobobooobooboboooboboobuooobboobobonon
gboboobooooooboooboooboboobobobbonon

goboboobobooboooboboobbooboooobobuoobbooooon

15



; |
1100 1200

L | | | | | | P e e . .
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
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gboboobooooooboooboooboboobobobbonon

(3.18) E[(St11)"]
2
= Elexp(k(Mpuy + (n — M)ps) + %(Ma% +(n— M)o3))]

% %
— Blexp(M (ks — a2) + (o3 — 03)) x expllnp + )
k2 2 - k2 2 2
= exp(knp + 5n03) x Y exp(m(k(p — p2) + 5 (oF — 03)))p(m)
m=0
000000000000 (318)0000000000 (RSLN)DOOO00000OO
5000000005000002003004000000000000000000
00000000000 00000000000000000000600000000
00 TOPIXODOOOOOO000TOPIX1,2,300000 19560 01979 0 0 1980 0 0

19890019900 019900 000D ODDOO0DbOO0DbOo0nDg
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00000oRSODODOODOO0ODO0ODOO0ODOO0OO0ODODODODODOODODODDOOOOOnDg
OORSODODOODOODOOO0OO0ODODOODOODOOO0OO0DODODODOODOODOOODO0n
goodooboobobbooooooobobbooooooobbbooooogoon
JooodooboooboboooDoooboooooboooDooooboooDbooo
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O0000Omax|G—F,0)0000000000O0O0O0OOOOOOOOOOOOOOO
00000 (European put-options) 00 000 000000000000 O0OO0ODOO
JooodooboooboooobooobooooobooDbooooDboooDbooo
JooodoboooboboooboooooooboooboooDboooDoooo
Joooooboboobooooboboobooob0obooooboooboooooon
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I I I I I I
700 800 900 1000 1100 1200

O 7: TOPIX1990-19990 000000

TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
RN 3.1056  2.6331 3.2296 7.1764  0.90306
2000000 12.853  8.3228 14.181 69.183 1.3333
30oooon 68.875  30.420 84.092 955.40 3.0986
4000000 468.95  128.66 669.59 20376. 11.160
RN 1.5727 0.72517 1.9362 2.7587 2.5754
RN 7.5859  5.3237 10.262 20.377 16.770

O 5 RSLNOOODOOOODOOODO

goboboobobooboooboboobbooboooobuoobboooood
0000000000000 000000000 (VaRewvalue-at-risk) 000000000
gbooboooboooboooboboobobooobobobbooobbooobonon
oo0o0oOoOoRSO0OO0O0OOO0O0OOOO0ODOOO0O0OOO0ODOOOOOOOO

0000o00oooOooOo0O0o00ooooobooOoOoDOO000ooooDooDO G=100
goobobooboobooboooobooooobooob rOboboobbboobog
oooooooooooo S, 0n00000000D000000O0S,=10000000
gooooboopooooood

(4.1) X = max(G — Sp,e™"",0)

gooooogo C:P(Sne_”h>G)DDDDDDD a<c0000OD0OOODODOOOO
01000000000 V,=00000000 a>¢cO0b0oboon vyOo

(4.2) Fs, (G —Vy)e"™) = (1 - a)
g
(4.3) Vo=G-e"™F 1 (1-q)
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TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3
RN 2.9993  2.7612 3.1991 6.4926  0.80748
2000000 11.479  10.363 13.228 51.858 1.0826
30oooon 56.009  52.869 70.704 509.54 2.4099
4000000 349.34  366.60 488.48 6159.1 8.9074
oo 1.7212  2.0134 1.7810 1.5498 2.9745
RN 8.6916  10.979 9.1229 7.5538 22.025

o6 d0oooboboboboobooood

oooboooobnD Fs, DODODOO nDDDDDDDDDDDFST:DDDDDDD
O000000O0o0o0ooOoooOo((ILN)DoOO0D0DoOoOoooooOooooood
gooooood zazé_l(a)DDDDD

(4.4) Vo = G — Spexp|—zav/no + nu — nhj

goog

000 VaR(OOOODOOOO0O0O0O00)000000000000000000ogoo
gogboooooobobbobobobooooobbobobobbobobon
0000000000000 000000D0O00O00 (CTE, conditional tail expectation)
0000000000000 00O00O0000D (1-)D0ODO0O0ODO0ODOODO0ODOO
oo0oOoO00oOoOo0ooOoOoOooOOCcTEDDOODODOOODOODODOOO
gbooboooboooboobobobboooboboobbooobbobobooon
ooobooobooogoobooogovaROOoooooooooboooboo
god

gobobooboooboooboobbuoobbodo<caxlbboooooO
000 «0000 CTEO

(4.5) CTE(a) = E[X|X > V,]

ooooooooogo v, 0pobo000ob000ooo0obOo0oooooo CTEOOO
goobobdb e Vpy=00U0bOobooobobobogobooooog
000000000000 f=maxpB:V,=Vg 00O 0000

—E[X|X > Vo] + (8 —a)V,

(4.6) cTE(e) = & 2

O

000000000000 Hardy (200) 0000000000000 CTEQOODOO
gboboobooobooooood
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00 e>¢cO0ObDObDOoOO

CTE(0) = E[X|X >V,]
= E[G — S,e ™S, < (G = V,)e™]

1 (G=Vy)enh W
= /0 (G —ye™) fs, (y)dy

11—«

(G=Vy)emh
—-J—WRMG—%WM—A ye " fo (y)dy]

1l—«a
e—nh (G=Vy)emh
1_@A Yfs. (y)dy

00000000000000000000 S=100 8, ~LN(nu,+/noc)0000
D00Dae>c¢c0O00OO0

(4.7 CTE(«a)

_ - exp(nu — nh + no?/2) /10g(G_Va)+nh 1 (x —np —no?)?

xp(—

€
11—« o nro 2no?

)dx
(log(G—Va)—nu—l—nh—nUQ)

Vno
00000000Doooooon0 So=1000000000000000000 5,0
oodoooooooooo

a_ exp(npu —1nh —I—n02/2)¢)
-«

exp(nu — nh +log(So) + no?/2)
a -«
log(G — Vo) — log(So) — nyu + nh — no?
Vno

(4.8) CTE(a) = G

O x ®(

)

0oooooo

000S,000000000 (RSLN)OOOOOOO0000000S,|M ~ lognormal (p*(M), o*(M))
0000 p*(M) = Mpy + (n— M)z, 0*(M) = \/Mo?+(n—M)o200000000
O0000a>¢000

_nh N
(19)  CTE(0) = G-+ 3" p(m)(exp(u*(m) + log(So) + 0" (m)*/2)

m=0

log(G — Vi) —log(So) — p*(m) +nh — o*(m)?
o*(m)

X P( )

goog

000000 o< ¢000000# =¢00V,=V,=000000 CTE()
E[X|X >0/000000(4.6) 0000000000

(4.10) CTE&m::i:i

CTE(¢)O

gooooog
000000000 S0000000000000O0DO00 (RSLN)OODODOOOO
oo0oooOo00OobOO00oooooooooo CcTE0oboobobooroooo
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TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3

¢ 0.8724  0.8302  0.9135 0.99968  0.1805
Vo.90 8.8053  19.473 0 0  81.035
Vo.o5 28.215  37.030  15.028 0  86.443
Vo.ors 42.216  49.254  29.252 0 90.073

CTE(0.90) 31.558  39.669 18.784 0.0366 88.524
CTE(0.95) 44.837  51.547 32.174 0.0731 91.258
CTE(0.975) 55.008  60.114 42.562 0.1463 93.322

O 7 RSLNOOOODOOODOOO

0000000000000 ooOo(ILN)D0DooO0o0oo0o 8soooooooood
godooomsoU-soudoo2000bdoooooooooouooooooon
goodooobodooooboooooooooooooooooouoooooO1990
O-1999%0000020000000000000000000O0000O00DO0OO0O0O
godooooooooooooooon

gdododouoooooodboioiouooooooooUoUoooooo
00000000 (0<j<120000000000000000O0

120—j

(4.11) fom ()= 3 peBT M) “log8; 1 1,
m=0

o*(m) zo*(m)

O0000000000000000S120—;000120—-;00000000000,;0000
S;0000000000000000100008000010000000000000
0000000000000 000000ODODODOO0O000b0DbO0O0d Sig, 54, -+, 59
goobo1ooobbooboboobboobooooboobboobboobood
O00000OD0O0ODO0o0O0O000b00o90o TSEOODOOOOog 000 TOPIXOOO
gbobooboooboobobbotddlyear 0000000 0year 0 0ooogn
0000000000000 00000O000OOOo0oooO00 (ILN)ODOoOooooO
gboobooboboooboboooboobobooobobobbooobbooobonon
gboobooobuooobobooobooboboooboboobooobboonoboon
gooooboooon

5 0O

gobobooboboobooobboobbooooooobuoobbooooon
gbobooobooobooboboobbooobobobbooobboonobonon
gboooobooog

gobobgoobboooboobboobboooboooboobobooooboon
gbobooobooobobooboboobobooobobobbooobboonobonon
gboboobooooooboonoooobooobbooboboobobonoo

O00000O00o0O0O0oO0o0oOU0oOOoUoOOoooUoOOoooO(RS)DOOOOOO
gboobooobooobooobbooboooboboobooobbobobooon
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TSE300 TOPIX TOPIX1 TOPIX2 TOPIX3

¢ 0.0046  0.8327  0.9390 0.99864  0.1364
Vo.00 0 16.213 0 0  81.702
Vo 00 15.621  31.622  4.8049 0  85.850
Vo 00 27.992  42.661  18.806 0  88.740

CTE(0.90) 18.835  34.317 11.256 0.1650 86.620
CTE(0.95) 30.811  45.023 21.754 0.3301 89.290
CTE(0.975) 39.869  53.026 32.178 0.6601 91.397

O&8ILNODOOoOoooooooo

09 TSEOOODOOODODOO
year | VaR90 VaR95 VaR97.5 CTE90 CTE95 CTE97.5

8.8053 28.215  42.216  31.558  44.837 55.008
8.0621 22.197  36.101  29.422  39.673 49.742
8.3658 18.841  31.260  28.835 37.775 45.937
7.7355 16.155  26.694  27.763  35.888 41.939
8.1875 14.937  23.709  27.951  35.890 40.669
8.0847 13.944  20.849  27.059 33.814 39.786
7.7826 12.688  18.839  26.978  32.046 35.930
7.6623 12.149 16.871  23.647 25.464 31.862
6.9010 9.6155  12.873  20.322  22.788 27.921

—_
@]

N W ks Ot O N 0 ©

O0o00o000oo0oU0ooOo0oUooooo (ILN)ODooUooooooooooo
goobooobooobooobobooboboooboboobooobboobobonon
gboooobooboooon

gobobooboobobobobobobobooboboboboboboboboobg
gboooboopobooooboobonoboobobbobooobooobobooon
gboobooobooboooboboobboobboobbooobboobooon
gboboobogoooobooboooobooobboboboboobbg

goboboobbobobooobboobboobooobobuoobbooooon
goobooobooobooobobooboboooboboobooobboobobonon
gboobooobooobooboboobobooobobobbooobbooobonon
gooboooboooboooboboobboooboboobuooobboooboon
gboobooobooobooboboobobooobooobbooobbooboboonoo
gobooboooboooobooonoooboobobboboboooobonooooboon
gbooboooboobooobobooboboooboobbooobboooboob
gboobooobooobooboboobobooboboobbooobbooboboon
0000 (RS)ODOODOOO0OOOOOOOOODOOOOODOOOOOODOOOOUODO
gobooobogn

00000000 (RS)DD0DDO0D000O00OO0 (statistical time series analysis) [
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0 10: TOPIXOOOOOODOOO

year | VaR90 VaR95 VaR97.5 CTE90 CTE95 CTE97.5
10 | 19473 37.030 49.254  39.669 51.547  60.114
9 14.487 30.632  43.208  35.407  46.047  54.988
8 13.289 25.519  37.810  33.358 42.507  50.434
7 11.378 21.602  32.523  32.586 39.269  46.073
6 10.712  19.244 28370  32.734 38.389  43.498
5 9.0013 15.990 23.811  29.286 32.484  39.869
4 10.066 15.339  21.231  27.600  32.949 36.413
3 19.2178 13.307 17.371  25.421  29.886 34.586
2 8.6963 11.173  13.855  19.466  25.232 26.820

0000000000 (Hidden Markov) 000000000000 DODOOOOOODOO
gboobooobooobooboboobbooobooboboooboooobobooon
goobobobobobuoboooobobbooooboboboboobbobod
gbooboooboooboooboboobobooobobobbooobbooobonon
gboobooobuooobooboboobobooobooobobooobbooobboon
0 Kunitomo and Sato(1999) 000000000000 (SSAR)ODO0OOOOOOOOO
gboboooboooooobobooboboobboobbooobboooboon
00000 (2004) 000000000 0DOOOCOO0ODOOOOODODOOODOOODOO
gbooooobooobooboboobooboooobobobbooobboobobonon
gobooboood
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