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Abstract

Due to the impact of COVID-19 and economic environment, people manage
their wealth more conservative, which makes participating policies with guarantees
more popular. On the other hand, since insurance companies in Taiwan have
gradually phased in IFRS 17 emphasizing on fair valuation of the policy on the
market basis, the valuation of participating policies has become more and more
important; however, IFRS 17 doesn’t provide the details of measuring unrealized
value regarding expense margin, mortality margin, and interest margin. Therefore,
this paper reviews literature and actuarial accounting reports and finds that stochastic
modeling is a proper method to measure the policy’s unrealized value which is so-
called Time Value of Options and Guarantees(TVVOG). In the end, the paper provides
suggestions based on TVOG of the policy.
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FARRA 0 R KM THEY RAREBREFER > RYFE M Fatew
FARRIEIE o 2 FEAIE Y R axt ¥ * aolee Carterficd) 5 A o @ SRy
Hull Whitet-3] 5 2 > e e & & 8-4H 8 F 35 = SR ~ IS A -2 w7 4 58

i

— ~ Lee Carter #-3|8
Brouhns (2002) # 15+ = A #icpRj¢Poisson 4 fie 2 i@ * 225+ 4 (u,)4p B chlog
link function %=1 Lee Carter 3] » H ¢ #7342 5 g+ >z % (cohort effect) » & *
L (my,) ¢ LEHX)frE RO > FP L s BEYEX Leeand
Carter(1992) < & F Bl 3 W& k¢ & 7= Zm(x, t)PRIE~ B YL ICPF ¥ g $8 5 4%

In(my:) = ay + BxK: + € (5%6)

He g4 BdLe - FenTiad M "FERXGIR Bl 2 EReps = S
FULER H "FARXGIE KA E7 - IR EY FERUGLR 6, LA
I8 o

8

%+ B Villegas, A.M., Millossovich, P., and Kaishev, V.K. 2018. StMoMo: An R Package for Stochastic
Mortality Modeling. Journal of Statistical Software, 84 (3): 6:2 2 Nocito, S. 2015. Stochastic Mortality
Projections: A Comparison of the Lee-Carter and the Cairns-Blake-Dowd models Using Italian Data.
Unpublished doctoral dissertation, University of Studies of Turin, ltaly= & p % o

S4B AFA> 20150 #7480 Lz 74 o hitps:/ireurl. co/NAWTYS » 3% p #/:2022 & 67 1
EI o
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HYCRMmAI > g5 T508i T R HE 0% ¥ o Jesnigse o

>

Lee CarterticZ] ¥ &t i 1B #& 4 1 v 4422 2 (identifiable) » ] 5 #3 Z £ 25F 9 ¥ #ic
€1~ €y () T S
1
(ax I.Bx :Kt) - (ax + Clﬁx 'C_ﬁx rCZ(Kt - Cl))

#In(m(x,t))* % > 5 7 f# 4453 gnn 2 (identifiable) i* 42 > Lee and Carter(1992) & 3%

FE T AP (LN8 N9 BRFREEES I, ERIBELLL,

Z Bx =1, (8)
>k =0 (+9)

1 .
C1:E2Kt ,C2=Zﬁx (;\'10)

e+ X107 453272 » NoCito(2015)3 T .26 24 1+ *A4| X8~ AOT » @ hid 2 By

% i # - T+ i (Ordinary Least Square ; OLS)$t (X%, Ty, In(my,e) —ax—ﬁth)z

P, FERAA T AR Ao T N1l R o R A E e h T a2 ko

2 In(my,) = (tn — to) ax + Py Z K; (:411)

t=t,

o Zt £, M(Myt) (£12)
x t, — to

o 1247 0 Sl R EaG R 2 E RN Y &2 FaitlcE T 3 gtk 4
BePy ~ Kt BBy ~ Ke RIS [In(my,) — ay] 1% 5 4B A & o & shipd Zig (7
+ B i& 4 f#(Singular Value Decomposition ; SVD) » % % Z = USVT™ » B, ~ K, thig 3+

B4 T
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o1 (:413)

Bx = <=
Xw
= _.T -
K = 51(2 Usy)Vp (5414)
X=Xo
He ﬁ;fx % hApre ZZT" S e B e £, [T A <RE; 500 A ZTZ“ﬁ ' s

e €58 % AURAVEL ) A HilkieadE ~ 3o g o

L]

e pEi g 3 5 F K EATRENCA 050120 13 140 p RS 0

ERT A ABRYERFCLET fen 0 R FR A KR L85

]+ Barugola and Maccheroni (2014)3& 417 3815~ 16 ~ 17 :

ay" = 0 + Br Ky (15)
By = B}(Z Bix) (£16)
X=Xo
Xw
-_ >, 17
K= (R-B)( ) Fr 1D
X=Xq
B R=o i, R R d b E RO, BT 0 N, L 45 Bt

B Aei Ll A R 1516~ 178 % 185 - FHA] —Lee Carteri- 3] e

4R
N

et E 6 RTHRY A<
=~ Vasicek-Hull-White 4] & #-7]

Vasicek(1977)4% 1 % — #2115 #2] - Qi & T 35 w fF(mean reverting) -
B F ()% KT R i AT
dr, = (6 — ary)dt + odW, (418)
Hea-~0~ 0% 5250 ¥ Wi #98EFH > VR ¢ g a‘?"ﬁp%i
PG RTO > Ay se SRAK &4 T c0w fF 4 3 (0dW,) > fe Vasicek ]2 § Z4)
pd S8y EFE R RORERDT > TEAZFFEPERE DS Ma 0 ot
19 :

" %% 5 Hunt, P. J. ,and Kennedy, J. E. 2000. Financial Derivatives in Theory and Practice. England : John

/é

W|Iey and Son LTD. ~ Hull, J. C. 2015. Options, Futures and other Derivatives (9™ .ed). US: PEARSON
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Dor = Eqlexp(— f rydu)] (19)
B Dora 3PP TEFRONFE 5§ n s @5 > xzA» b aigk Hulland

White(1990)z # Vasicekerficd] » 3 & & 5 ()" 18842 S 8a~ 0 ~ o> PFRF

kA 55a, ~ 0, ~ o
dr, = (0, — a,r)dt + o, dW,  (£20)

F P B g d1Vasicek-Hull-White #-3] chad Bh 3@l S @ R % f B &P K7

TR A2 N BRI AP SRR Y R A SRR R

£312 5 3R
* > @ Vasicek-Hull-White#-4] i 2E & >0 #4] & £ en % f2 14 (tractable) @ 4% i@ * »

| St i { 322 0 N5 - B F LR S RS T

a4

BIE b fR R

A2 BRI F AN S fE o WY BBy, | =0,

St
e

@ = exp(] a, du) 721)

FE*TIOsSN Ty, A2 ¢
dyt = thtdt + (DtO'tth (;\ 22)

Fg
Ye = Yo +j®u0udu+J¢uo-uqu (7423)
=m+]%%w+wm) (£24)
_};! d
t
& = f 02 c2dW, (3425)

Wi - g r ofiltration{F,} = {F  ~}e® 986 > WargihiEie s °

-1
t

V= J ®,0,dW, (5£26)
V26 ,i'_r\—:w)f 12 ﬁﬁ-rt( (Z)t yt)”r@ m;J_ﬂg,T }\ o

A0l TR D B LR - MR T A
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# 37 a0 2 & B eoHull and Whitedt &) 503] el 319 B 5 31 0 s A R
7] » Brigo and Mercurio(2001) M #-&1 & (ry) e § & 40T ;027 ¢

dr, = (6, — ar,)dt + adW; (5427)
Hia~of 220 ¥l O REED FnIF D BB EREE > 2 AT EEHFA
RURe

t

1 =1, S) 4 () — a(s)e~dt—s) + af e~alt—waw,  (5428)

A S
a(t) = f(0,1) + (1 — e~2a(t=s)yz (5229)
0, = afN;(O’ 2 +af™(0,t) +53 o’ (1 — e~2aty (7430)
ﬁﬂfWOUA%uﬁ%O“mﬂﬂTmﬂ%%ﬁjﬂ?ﬁ’%§§:
MO, T) = —% (#31)

#ePMO,T)E 7 H¥H
peth o i F(filtration) ™ 5 - ¥ e e o H A R Solicdo T 5432 33

E(elF) =67 %) + a(t) = a(s)e () (32)

Var(ry|F,) = ;—; (1 — e~2alt—s)y (*33)
FEI RIS G A KSR a0 VKD O, 5 B S ficiE ] g
WEAE(R 27 FHEE 0 BT A MRS E AR £ R Ak R o @ SRR
EPIF T AR o R BT 2t B S S s fe S BoIE s E(R 5832

33) & ok * ITEHY 0 A A RORE S B8R Bk e 5 e -

11

# 8 Brigo and Mercurio. 2001. Interest Rate Models Theory and Practice. US: Springer
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AERZEHEF RS- FL LB LEGERE TR EDT R LRI AR DY
FHPLA L JIZAE S A AL BIA LSBT
T RZREEFHEE I RALENEEI AN RS AL S RAFHKENLE T ILZ
HN RG22 hi ko AR b - & I Rz &g s s L EEREY
BRI EPRERRE MNP A el e s M LA LehiiRS A ER
FEE DR Bt g A B3 hAeT

=

‘?P

BAASCHRIRAR L LERR Y R D N AIE =R F - S RETAF
PELTREHERI AN F AN TRRS L EGYTLEREY T OE - LR
oot WAREREERT Y S LR TREF VL LERTY > FAFR
S LR S ACE AN BN E & D R 9/ECS
24 FE L ERD £ {oF LY
wH ER g & PR

0 62.40% 4,530

1 27.00% 1,359

2 20.60% 1,359

3 14.00% 1,359

4 13.00% 1,359

5 12.00% 1,359

6 10.00% 1,359

7 10.00% 1,359

8 10.00% 1,359

9 10.00% 1,359

10 7.00% 1,359

11 7.00% 1,359

12 7.00% 1,359

13 7.00% 1,359

14 7.00% 1,359
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15 7.00% 1,359
16 7.00% 1,359
17 7.00% 1,359
18 7.00% 1,359
19 7.00% 1,359
20 0.00% 0

=1

FRASREALE Y hi
BiEp R F)RALG P WAFALY Y F o FExp, 27 5 ALE Y o LPE T
% 545300~ » HR P * 5 (FExpR,) ¥ % d 40 834

AR S FASEREF A AN (Fr T

FExpR; = FExp,;/LP (734)
GEEERGY Y F L EERGN EF A ERARE Y FL A A(LTA35) 0 £
Hood WG FEEERDR T FDOT A REFOLERDEF F P RIS

foo sk LR Rt 5 HCRPY BRI EEARIELERE ERY P Faph
fie s B¥ el iaE L iRE 2 ﬂf;:ma” P ELRL S PR R RA ﬁm@ﬁ%’j
HE o om AR R R g RH R E R F10%(L T 5N36) 0 B AR R
RSP F AR 0 2 ke £ RE  HRD BARE $0E 3 %20
£ B2 o BT B 108 0 £3P210F SH0RT P F o ki RN PR T
RFEOT T E o AR R L ER O F 02 B ER S0(LTA37) 0 i 2B

}\‘ T~ gi'&f'—r .

Hexpr, = CMR, + FEXpR, (5435)
736

Eprt~N(MEprt; 10% X ,uEprt) (5 )
(3%37)

ExpR™ = Max(ExpR;,0)

HY CMR, % $tEM &% » FExpR, % $UEPFLE * 5 > upop, P4 $LEZ R

H g v %”Ew&§¥wﬁﬁﬁ%*$°ﬁpﬁ?iﬁif B0 AR
SR EFAREG Y SRS IR TAS R ERRE T Y FHHRA R

S TAE 2 3
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5 EREEF Y FioiR A e S

wE R H T F (pepe) WA et | WA el £

0 0.724 0.7243 0.07165
1 0.3 0.2998 0.0302
2 0.236 0.2359 0.0235
3 0.17 0.1702 0.0170
4 0.16 0.1600 0.0160
5 0.15 0.1499 0.0149
6 0.13 0.1298 0.0130
7 0.13 0.1298 0.01298
8 0.13 0.1297 0.0129
9 0.13 0.1301 0.0131
10 0.1 0.09969 0.0100
11 0.1 0.1002 0.0099
12 0.1 0.0998 0.0099
13 0.1 0.0999 0.0098
14 0.1 0.1001 0.0101
15 0.1 0.0998 0.0101
16 0.1 0.1001 0.0100
17 0.1 0.1000 0.0099
18 0.1 0.1000 0.0099
19 0.1 0.0998 0.0100
20 0 0 0
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BpFRE AL E AN (AN3) $tenp LA LY T FREED kg
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B L0 ud 580%  fhe BRP LA LT E80%  HEEFTH
SrEW Ny 44 b fiplcd N 4 5 T 038

80% x Max(1.05 X pgepr, — ExpR,",0) x 45,300 x P,_; (3*38)

B ¥ fppr, B R FLERRE AR Y S0 L0 S ARG Y $2 8401 ExpRM 5 ¥
t& #y ﬁ:ﬁm%" ko SHEEN36 AT ES S Pk FtlEDH A G 0 o
WH R e FEEN2H A E o
B hpahf Lo e gint > FEEEREF ATRIITR 2T F L 4 i
& @SMith-Wilson#i-31 ™ » 2 f & @ = sl 2 T 0 BEA] 19 R B SR 15 0 -5 B e
EGEEITII £ P (508) 0 LHRI0F LR MESY L B TV FIF AL
WE 53543855 0 BB Y kF o P AA CREHI T LT ERD
> riAale E R Ve IS ON SGE FATIATE L R o TR1E442,305.92% > &
2f RFZEGSPAT AR BT RF LA LREE ] R
NILTE o HUmIRE A L EWITAT £ i—fg » T ARG AR Ay BOsER
IO B BT 2 v b TFARZFH TR LA FHRT A g d
RO el g A R A A R RE ] AR AL &
FAA I B HEE -

26 L EDF AL

¥ 0%y ¥ 14 ¥ 24 ¥ 34 ¥ 44 % 53 ¥ 64 5 78

0 0.6935 0.6901 0.6906 0.6894 0.6921 0.6927 0.6923

¥ 84y ¥ 98 % 1047 ¥ 113y ¥ 124y ¥ 1347 ¥ 144 ¥ 1547

0.6936 0.6925 0.6927 0.6892 0.6918 0.6952 0.6953 0.6898

¥ 164y 5 174 ¥ 1847 ¥ 1947 ¥ 2047

0.6941 0.6931 0.6924 0.6932 0

uu},l,_,z}@g( )iAv\’}‘r \364{3_&#:%:4}?706 m%ﬂg;;,g\ ;}%%,I{_E Fl%;k:
1110%: 1 #(5% ~ 20%) > T B R A A LKA T AT KATE T FHERY Y F

fed BERAZ LG @ENFALS Lo
" ¢ 1, Society of Actuaries. 2019. Yield Curve Extrapolation Methods Methodologies for Valuing Liability
Cash Flows That Extend Beyond the Maximum Yield Curve: 18-26.
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= FEPCE = F o Lee Carterti- A enficd] Sl s A dvo fUp AR gk
B3t A RS e > | A A 8 - 5 TR R (Human Mortality Database) # £

S\

4 49 111970-2019# eh¥ L = FFH > LEEAY = F % - & 2 Lee Carter
K.

BEAI(L R 6)ie 7 503 B lic i 3 > 0 S 0B 3ty ~ ot B Ko 344 W40 IS -

W6 ~ M7
ax for TW male bx for TW male
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0.025
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0010
-6
3 0.005
-8 0.000
0 0 a0 & a0 100 7 7 P pA P 1o
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B]5 Lee Carterfic?] % #a, B]6 Lee Carteri-?] % #cp,
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£
=20
—40
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®7 Lee Carteri-i| % #cK,

HY WSS LAY ML Adc(age) i e, B W6 S 48T 1L R dc(age) ¥k P,
i @ BI75 64 19702019 $4 K, & o BI6AT 7 £ % 9 1 4408 1 704 F5 B, 1
bR A ST AA0R T T0RE G Sl > L BTHAKEE R
Bdeam 3 TR ABE > A 4 AT 1 a4 1970-2019% ¢ = F e o

d 2t F %+ Lee Cartertcd] & £ (L 5V6)if e i » wo— 47 § F B HHE6
G LT B BHRY L FehficE o A AR K- FE A S R0 (first order
AutoRegression ;AR(1))(L 347) » #5d #38 Tenfisian 298 Rk A & (R H I B 0K,
B B Koo % ¥ ~ Lee Cartertic3] @ (R 5V6)B~(8 ¢ & 5 = Feh¥tfichi sz
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22

DOI:10.6814/NCCU202200973



B 5 A-1~2F 0 B AT R A L B R EL e B SR
Lo Higr ko™ 48

8 K.HIAR(L) 2 2+ 5 &

PSS d %Kk i A ZiE P-value
¥ #IE (C) -1.8740 0.387 -4.847 0.000
fEf (K1) 1.0043 0.014 69.299 0.000

£ H WK AR(DBCR e 298 () » B ¥ 1245387 A A0 5 IRACT B2
LR ® %P Hck o iE4 19703 2019 K, iR £ 273107 2 > L {348
AR(L)ehi 3= % > F3]7T 839nk & ¥ 120194 K, & (T 5 Wk ePAAn o
PAzdeE o L REERSO0EZ B RT3 AL HEEEELA A T3
FPARLBCA Y » kIR EE 2R $1ED $20& 0 B9 5 ERHIRIOFANE &
A2 L2009 £ HRKE o 28D 0 s FBHRK B~ Lee Carterfita] = o FlHCHE
FHABEPIFRERT S AL 2 PR > FI T Amin®H 2 & B K

.

THE e e L ERELAK G THEEIApEREFREE I B9 L ERIES

=

% ¥olf 3 PB9B (T 440) 0 F & R HERRK, ) 5 R E £ 710

s
i

¥ K, hT $a 1 o

K, = —1.8740 4+ 1.0043K,_; + & » &~N(0,27.31842) iid (7439)
E(K,;) = —1.8740 + 1.0043 X K;_ (3440)

Rt & R E 2 E R BCRK, 0T 3 (T 39 K AT AT enK, B A B E & R (L)
108 EEL BT adr B L B AAK, T 3aE (T ;0407 L & RK el Y
) > ke R 99T 0 & ¥ HERK AT IR K 0 iR T R

%9 FHRK, chT 3o 8130 T pachti

wHER B K, T 35 K, hT e

1 -51.4305 -51.4525

2 -53.5275 -53.5307

3 -55.6335 -55.6776

4 -57.7487 -57.7414

5 -59.8730 -59.8253

6 -62.0065 -61.9424
YgmpF ¥ 2015 “<ﬁ%‘mﬁ R L g N R SRR ST U Jo b

AR L o d s b
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7 -64.1493 -64.0545

-66.3014 -66.1045

-68.4628 -68.2426
10 -70.6336 -70.4843
11 -72.8138 -72.5271
12 -75.0034 -74.6700
13 -77.2026 -76.9009
14 -79.4112 -79.0235
15 -81.6295 -81.2526
16 -83.8573 -83.4233
17 -86.0948 -85.6159
18 -88.3420 -87.8484
19 -90.5990 -90.1203
20 -92.8657 -92.3915

T oy ~ BB FAR K B 1 T F fdm, e o d 3T A2 w0 2 4% T Lee Carter i3
(R:6)if fie 24 » A L] 0 Tt ffickim, 5 > Lee Cartertird] chw £ 387 L1 3
1‘_1,{’\6\: PIf:jY:;\"ﬁ\:"—T —\41hl1-—r :

In(my;) = a, + BrK; (3441)

HPa Byt B @ v SHF L TR OEE > FIRE BGR 230k A
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Carterti-3| (2 4 40) ¥ Fim, B Pl B % 0 £ B R4piiF Iim,, » &1 > &
LF A v 2353 7= (UDD) iRk T W T AR AR 0 2 S (qy) ¢

m(x,t)
= T G 0/2 (5+42)
PR A W AR - F 0 2= £ p 21(Valuation Manual
21 VM 2§t 7= Famb B3 8 s S 7= For - el S Mo SBERE £ ®

SRS LXT O ARH T (e R E 5 T I43

Qex —p X (1 _GZx) X x1° (3443)

P oAFA 20150 25 4 g Rt gl 4 # o hitps://reurl.co/ZAKLYW - 4% p #7:2022 & 6
5 1p o
' 2%.n National Association of Insurance Commissioners. 2021. Valuation Manual. .p21-38# »+ 5 = & 4
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wp ©
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AP EERE RN A AT R EFECBEE R R e A e

B ERRORER HEL L ERITARD £ kg o B LB g
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