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Abstract: In recent years, investment-linked insurance policies have gradually become mainstream
and are receiving market attention. This change may be due to the global financial crisis. What is
worthy of note is that the scheduled interest rates of current policies are lower than they were in the
past. This sort of financial environment, for example, the global financial crisis along with changes
in the attitudes of those purchasing insurance, results in another question worthy of deep consideration
— if market interest rates rise once again, will a wave of surrender be seen within traditional life
insurance policies under low scheduled interest rates? This research will focus on the analysis and
valuation of surrender option in life insurance policy. To have a more general comparison, we also
consider both the variability of interest rates and the insured’s mortality heterogeneity since the
surrender option value dramatically changes following the fluctuations of interest rate and the insured’s
mortality heterogeneity. In addition, the decision of clients to surrender a policy is also entangled with
their loyalty toward the insurer.  The results show that interest rate and the insured’s mortality affect
the surrender option and this option increases the cost burden of the insurance companies. However,
by increasing the cost of rescinding contracts or increasing customers' loyalty to their insurance

companies can reduce the cost burden of companies.
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W NS Orbm b onfVHERR - PREF24Y TS B ERE aHE 5 - TR 2 B BB AR BLa T 3 -
I - W B R (single premium) S34T{RFL (participating polices) siftfi ‘ﬂ@%”f“ﬁ”“
(equity-linked contract) ZHf5¢ - {540 » (Brennan and Schwartz, 1976) 1F 3T Hf Uz Pres 2 e FE 78
GHPRERRT - R ORER R 7 WA ED T - — R » 52K H B R 2 ST Udss © (Grosen and
Jorgensen, 1997) RIEEE - FrAW G Iras < SRl o - FETEA =V - At T 0E
FERE AT R RS m(E E - 5940 TR ALIREEAVEFHTH » ( Grosen and Jergensen, 2000) jKf{rER
e =(E4HROT R © fEEpR{EZ (risk-free bond) ~ &LFIEEFERE (bonus option) Edfi4 isEitgE
(surrender option) » ot » TR RERUEEERE - MR 5R Ry naUBEIERE - (M 00 DASEH R 48
7% (Monte Carlo simulation) & —IE#RE (binomial tree approach) f&#E [ ¥l M zz{E(H -
( Bacinello, 2001) 7347 A BARIREE RN < 24LIRE - BRaHEA RV EER EHEGHIBETHEL T
{RE(E(E 2 51 - (Bacinello, 2003) 5314 (Cox et al.,1979) RIS B 2535 RISy 4T (-5 By
fREE © (Chu and Kwork, 2006) FIIFI|FEEERESTE T/ ARHE D ALIRE - P85 T IraeF% ~ o
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(LR BEFERZE - (Siu, 2005) Fr T _EHMUNRAEEIN - HiRHAREGI AT LR Z 5FE
Al e PR BRI AT < SRR S Ry 2 (AR EAE ) - (Gaillardetz, 2008) s3#f 7 4LPREEELFIR 2 fiH
o FEREAREE ISR ST AV B ENH LRI T - RS ARG A ST ALORBE Z 5P -

ERCTRRAT RS Z pn - N am o dLPREE A AR IR B - SLB IV RTRAME N R B R (T &
HEEZ I HSARIEEREH SN Z MR - HERNESIRE - ASFrERaTaELR
Fha A r¢LfrE (nonparticipating policies) - BEZAGRER AR E A8 - S TFAEIAM] SRR (R
BEEREHSIRTENRATESL R E - M ZHGHRESECRES 228 © 200> —
ERZREBIINE] - BB Prbe A EEGIRCHHIRE AREE  SR A TEMr ERERATR » (TTREREE
B ERRELLY o AL - ORI A BB A EOR AR A AR SRR BERER Z RN
FHEERERANERRNERZ — © APl BaSEkEREA FEERFESS - (A ERGR R
FRECTREZ(BE - AL - ASGRIEEFRESE ) Z FEtsIETE - ISR EENES) -
T EFE RRL TR A -

PRAEIRTS SN > ASTRBEHINEZPEAT © 55260 T IriGBSLOGERE IR IREEIRS | #hir
BEE - RIS R M > TR AR BRI MR AURE © 55360 T IAUEE | S iRt
BRI R HE AU DU s BB R R (H (B AR RIE IR BB ¢ 35460 T e hr ) Jl
PRACE (BT ABEER ¢ 55560 T 45aR ) SRR S R BB IE R - 2 BORE -

2. REEEREB R HEEESE

— e R TR RS - JRRNGIIRE: (net premium) SMNEHRITIIE: SIS HITINORE - i
GREZETE - AIEAE " RGP 2 ORESEIFANT - SRR B AR B SERER RS
(S A BRI S » DITHERIRIT R RS - B HRARRGN ZaHE » RE#E
IRASET (BESF) BRREZ () > BB dR BT (4T BAGTEANAZE » 2%
I T RIS DI R (st I -

ZhaRBESANTIZ > DL T ISR RASEARA - BEERESE - (ria#
i RRAPRER(E(ELEFiE (policy reserves) - [th#Ef RISl A RIEM R 2 S0 KIERERTHE
P Z 80 o IR NP ZLLA AR ARLT - (R R E LR IR B E - (EFERF - frba
A FEIHS R B EE R SRR B R DUEZI4E (surrender value) #FBFIEZEIRA - Wt MR
BER TR R AR ORBEEE (policy value) DULBERERIERAT M52 - 2%k
AT T —(E LACR BB R ISR - R4 R RSB EAERE -

RIS B (N - R R S I — IR R4 e R B - AT
MR > RS HRER 2 (REEEEHSH RS ER © E - (REEEEHS R EY
ORE = EH AORE 2 B0 P RAETEIE AR R ORIRES (TR SR80 - HLAHE o] S E T
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FAUERGE S EAMRETRFME” 2 AR ORI AR E ARG IRE IR A" 5 DURETEER]
Kt BatHE > piEl bR E Z B ERE (retrospective method) - 12 2 HIl By R 24
(prospective method) « AELUAMTAETE - A EIRVEEEmIRER — 2 - ENIERH > HilE
SRADBLEH AR 2 RS > B SIRAR B B SRRV E PR R - B LIt
4 AR A BB P PrAE FE AR IR IR, - FEOREE(EEL TR - BdAT Al PREE(EE ARG St BR A
[F] > ARG AER TR R E R ST R ERFEE - FrLETE BN RFE AR E SR
U MRLLER TG AERCEIE R IRR > MAREMIECRAAEET - NIt > REEE/RET
AR BB (G AT AR AV B B ] 23 A [FHIRHE -

FEBAFRESE T IR R EE - T DURE DA RS B Or B EE R - BFITLL T #
BIRABIN R TR ATRETT Ry - ERRNAEE B GEAR - SRMBOEESRIFENE
B (thEtEfIEmRIREEE) & - MR Ry -

3. IREIETF

ARG TG » A BRI 5 TS24 S R AR 2 (UL - DT P Rl
IR 2 2% - RREPE AR AR 4T E R (tlerm insurance)
B WEET LR 5 M R TIT -

31 =2 Ar%iH

RE R EREE I N I EHSERRE - (RIRE R | IR ORbE A\ HITRBR L F x
3% EPREEPR E IR TS AR KEE 1 (0) B FUEAR WARSR RSt 5 EHESL T (4fF) K-
FEAFENTICREAIEE T > IR 2 EHCPAELILRER (annual level net premium) (P) 7 :
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RS RACE (prospective method) FHED HEFREEHNEE t R 2 SPHT S CRER FIAER 4 (net
level policy reserves) (\V, ;) * Bl FsaZ b 52 IR ER {7 SR 2 Prb B SR (B A TIPR ARG R B A -

N-t N-t
th:WI =1Ix Z(n—quﬂ : e—r(0)~n)_ P x Z(n—l Px+t _e—r(O)-(n—l)) (2)
n=1 n=1

BER - EZROR AR > Orb At Bl ORES(E (B R (e AT B TR - DU
FaTTERA - BB ZEYE (oS, ) RHRIRE R IR Z RHEEH -

t
Se=Vom .[k%+(1—k%)ﬁj 3)

R KRR R R D 2 - SRR AR - RIS S LB
ﬁﬁ%:ﬁ%mﬁymgﬁAMﬁﬁﬁtigﬁ@%y%wmﬁ@fm@amb}wmﬁﬁw%

fEIER Iﬁtﬁﬁ%’ﬂ%ﬁﬁ%(a—k%ﬂl—ﬁ)] HRHHEE t BRSO AR A E PR (TR ER AR

> KRB AR A SEE (1k%) -
Bl (QFGETRIFEEAEE - ESEAEE tERZGHFROKE (r (1) BEMETRAR > AlEG
5 R ZORE(HE ¢

N -t

Z(n—l plx+t .e—r(t)-(n—l)) (4)

- N -t ©
' —r(t)n
tvx;m =1Ix 2 (n—l|1q x+t € )_ P x
n=1 n=1

B e B o 5T FRAR B t SRR A SRR T (TR R -
AT © TR - R SRR TR M - AT BRA R
4 TR TR AT T — (LR HL L RO » BRXI PRI - AL AR A
BARELES t EETEAIRREIMER TS © oS,V © HCR USRI BRI L7 aist 0 A FEHER
S ELAFTIANN - LIRS - 5 R0 R R R R S (IR RIS AT BRI Ko SR
TETREREIET ) AR IR S S RS SRS R AR e (R (1

bR REHSELE -

2 REUMSEE T HIUGRET T IR ALY - TR BT R — L B (R TR R
ARG A AMERTEYE B DN B IR N ES IR EE RS 2102 = - BARIE 2 1R
R HE » FEEN RIS ) - 52 fRIRAEZ THRAIRIREGTEER] s FRRER—=t T5% 28
1B SRR ATHEH 25% -

P REYRE R ARLI o BT R RS IR L TR -
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Ao OREE P i TE AR TE 73 B AT S AR - i PR OREEFRE AR+ B A e Prba A (g
FHIRILEE - AR MESE CRGHE Z MBS IREE) - ZOR AREA I RESR I BRET S -

PRI > FhfrBEEFTA RN it o > BIRABRREEEZ B SZEFHR A E
IR - R B S rIFA REEARESTRRZEE RIS ERRGERR T iR
FLUEIRIE > 35V g R D5 BEEIRE 2 PREHE > R AESE S B IR B R 2 G s HE

TRy t\7x:ﬁ| L (PRE B AR Z IR By - t\7x;m : th\7x(_—)<tsx:m) o Hrp o L RIRESG S EERE

L
N
HAH DU RBEHE © & fRb A e it iR - (RELEHSEAS - Al L SREUERCK - fRER
SGERETREAR > (REINECR 5 8RR - FiE L (D t\7x(;Lﬁ)| U V) > RIS RraF(E
"2 BRI 2 AR ER R (E (L o MEROREE (L) AERESE BRI AT A2 EARAE RS
VEETEHES > PRIE GRS TR RET B 2% > Gt o2 R NIRRT - PREE(E
EFRDAR e T8 (L) HRDEC - SRR AR TS, (HE -

R RIZS B - (Ea5 A 73 AL 55 e O BRI E THE HIR EATHE ST et IR e R S I &
TG HAR B O N\ SE U RAVE SIS A E R BEE (R - B REEEE R AR - S
LR ALY EI - WORE MRS - PRI - PRELMRATIBEFERE (] (H B R A AR B R )
EEAHRE o DU BIEREAATASE 2 FIZREASE Bt aEE -

3.2 fIFgiiE4E

HRAF R IR 4SRRI T > [ (Merton, 1973) DAF% > 4935 (Brennan and Schwartz,1977,
1979, 1980; Cox et al., 1980, 1985; Dothan, 1978; Hull and White, 1990; Vasicek, 1977 ) SR %2
BHHTEA S —EI AT - S EHEE R EF R BT B HHYHE -

(Vasicek, 1977) RAIFZLAZRGE{RER (mean-reverting) (YRR - FEIEREZTT - FIERA i
1RSSR EFFECTRE 5 (HIREE Y BRELE A G E A N SRV EFZIR G - (Cox et al., 1985) HIFEH
S—EaEEREE (LT LACIRMERE ) ARG HERIE - 4F CIRBAYT » B4 fEts s
A T dr=x(@-r)dt+o,rdz, i ERFFE - e FIGEUERRIVELE - 0RFIRTHIKE - o
RFIZGENE > ZoFsWiener HS72 - FHEZRS (Vasicek, 1977) FIZRMEAL > CIRFARINE T A FZ
W o (AL ACCHFE ACIRIERIAC U E Hisgf* -

3.3 7= F'E{PiEse

FEE AR dmEd - - (Bowers etal., 1986) 3iH] AL REEFRIVET R - MR R
2 ENIETHE (X) 15— RS RIE A S EXRE (X>X) Azt (2>X) APt

©ORBAZEIR B, Vasicek (1977) FISRERY - HEH S0/ D BHEIRRISR R B S LA FISRRRE R
BEENAZZAGHIES > FTAASUREEE CIR B4 -
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ZIRFER RO By

Pr(x < X <7X >x)= Fiz_);('zxgx) _ S(XZ(_X;(Z) §

Hrf > F (X)=Pr (X<X) B XA ECRIEL 0 s (X) =Pr (X>X)=1-F (X) © %% 2= x+AX > HAXHEIT0 - HI
AR Xk B L BRI IR AR

F(x+Ax)-F(x) _ f(x) .AX_—S'(X)

Pr(x< X <X+ AX|X >x)= TF SToFe s

-AX = p, - AX

ER21 00 =F () XSRS a1 (/- FO)=-S00/5(3) HIFRIES (the force
of mortaliy) - i -5%» OTLLHEMFE TGN * by =0~ () + 5 e TR

B E 2 RS PR KR » AT R ARG T AR R BT - 2481 BERR K 29
TIFAEE AN - (HRSSEIEE IR A L rT RE R TREISE T I/KEE - SR Sy @h Al a] 17
Ry—BEEARRE - STRR L BRI SR BB AE =~ fH AT - RELER 4/ Syreduction factor approach (41

Ballotta and Haberman, 2006; Milevsky and Promislow, 2001) ~ affine approach (41 : Dahl, 2004) Eii
time series approach (41: Cairns et al., 2006) Z =245~ (Dahl and Mgller, 2006) %% &reduction factor
approachEZaffine approacheflf;s: » FESXFR(EREKtTEIS 2 I TT (W) FIEIEITETT (uwr) EEIETTEH
BT (Gor) ZHRHIAE * 1 =t X St Wi Z BB ABIRRE ST SIS ) - AW

(Dahl and Moller, 2006) {571 [0t s —SERS T (Cift) OFf) A T iy : f M=o, 02, (o

X+t

FFEI BN T2 B - ZfsWiener JT) 5 I - F GG IRELGTI Y EEREGELTHS -

5 .. =s'(x)
T s(x)

—j Hy dy = Iog{s(x&)ﬂ)} lognp, ’ E‘npx ZEXp(_I:Lr;dy)

S RTEBESEE xR n R IR EER R pr:exp(— j“ymdsj R X+ B
Hj-&_‘jjﬁ?apl‘éﬁ:l:yj7ﬁ_% (,u x+t_,ux+t§x+t) ijltt%'féﬁiﬁ—!—/\f lf_é*_ﬁjﬁﬁﬂﬁl

Sxat

n p‘x+t = exp(— J‘Olulxﬂﬂdsj = exp(— J‘O Hxtss §x+tdsj = [exp(— -[0 ﬂx+sd3):} = [n Pyt ]§M

v '
n|mq x+t=nP x4t TnemP xt

(- 1y dy = d logs(y))




524 EHBLZG

4. BEAh
4.1 #iE 2

OREEARLT Z ME A I VB IEE - T S5 USRS 2 B8 » RS 5 ] DARBIE B4 vk
AAREETPARE - 25 B EUE 720K AR o FRASORRZS (] —IERI AR 2= AR g 5 B FE
T EIRATELIHIRE - 2R —IERE AT R R B A HIRE] > GO E e ER SR E
FERET R S S E R A - fHET S SRR AT R S B e aiE CAEREES
{EANEEE s 5o U 2 5FE - (Longstaff and Schwartz, 2001) LUl =CR RSB A Y
FrAEE @ ik TE- R AT R A EENE LA EIRATERMIRE - BENAHIET
{EFRERFE EAZESE ) 2 FEtkia e - AT DAZR{FIER I Longstaff and Schwartz iy i/ N1 J7 523
7% (least square Monte Carlo; LSMC) et HEOREERFLVEEIFREME - SHEBEP - MERAOREEAR
LB LA AV E A E  HBKEIFBEE (R 2IFHRIE) - (HHESTERMS
S E R > (HFR SRR T B ER R RRATE - W ILE RS B EGEHE R
FRATIBETERE -

42 BEAFEE

PRSI 2 5VE - BRI B H BRI - TMTER MYIRRE
it VE R B © o - Bt irbe AR 30 k55t » & fR 20 FEHE IS » fREE7y 100 &
7T PREETHERIZR Ry 2.2% - fREFER 20 SR ARG - St B fREENZS - RIS M T 28k
A& ER4 7% | (Taiwan standard ordinary experience mortality table; TSO) Z 3ET R4 =HH
A (ORENAEEREEL R 2,176.7 7T 5 5 BIERHMCA (2) ~ (3) M= HatEokE
ZIRELS ARG (R 1) BRI AT A [RIRF AR 2 JE AU © AR ZE OrBE By oy BRGSCER TE
WISk - AE VLIRS N ORELATHT Z 25l RAEIE N - 1R BARIIRIE - 2 Prbg BARES L PREE(E
EEFHEERE MRS AR SIS TR - He R E ety IR - REEIR
BRI RN e N BRI BB ERR T &l 2 3 5 ([E 1) FefELEclE 1 (B15k 1) frEE
BB & PR R B R A TE © REE(EE MR AE AT R IR » W T —IREFE
FETERREEE o MRIER . M RS ES F REFER (B% T IREFEE) - I
DR % B 1 S8 {4 o M o AL 6 PR SR k) e B SUTE ) BRI 7 - S5+ = (REEEETE > AR
IREEREER ST T - ERARLTE AR R —BME - Bgeyes Bt (RS IR R

T RET B SRR AR I 2 (R B ARG R TR (A0 (3)R) - AL R A
P PREEAE (A At e BT B R RN R © OREE(E (B o= B R A (AR sl sy L
SV RS PRELF LR AT AERK - FEA - EOREBEEREFEST S > HIREFRETNI (RIE A
D) W o BERE SRS o
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®1 REIFEEOE

A T
IREEAESE IREEAEM S fRETE % fiRg bR fREE

® (@ (b) (€)=100%- (b) (@)X ()
1 1,230.90 23.75% 76.25% 938.6

2 2,424.50 22.50% 77.50% 1,879.00
3 3,564.30 21.25% 78.75% 2,806.90
4 4,635.10 20.00% 80.00% 3,708.10
5 5,623.70 18.75% 81.25% 4,569.30
6 6,517.40 17.50% 82.50% 5,376.80
7 7,304.00 16.25% 83.75% 6,117.10
8 7,967.30 15.00% 85.00% 6,772.20
9 8,502.70 13.75% 86.25% 7,333.50
10 8,911.90 12.50% 87.50% 7,798.00
11 9,167.40 11.25% 88.75% 8,136.10
12 9,255.30 10.00% 90.00% 8,329.80
13 9,139.80 8.75% 91.25% 8,340.10
14 8,783.90 7.50% 92.50% 8,125.10
15 8,156.40 6.25% 93.75% 7,646.70
16 7,235.10 5.00% 95.00% 6,873.40
17 5,994.80 3.75% 96.25% 5,770.00
18 4,403.50 2.50% 97.50% 4,293.40
19 2,421.60 1.25% 98.75% 2,391.30
20 0 0.00% 100.00% 0

R AR R IR@RETL 1S, = Vo -[k%+ - k%)ﬁ} Heh o LSRR L (k%) I

DL B AR (75%) fRA -

SHE
20,000
18,000 -
16,000 -
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12,000 -
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8,000 -
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4,000 -

2,000 - (REEAEE

0

12345678 91011121314151617 181920
== LT PREEE E A

E 1 REEEEHESEEGSE(LE
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1H) - (HE S+ HREEER > (REEEEFHSIRBCIERRE > FTDL > HEIARATE FIRIER > 1)
RN SRR - HEBfRLIEe S (LIaAE - RAVIF TRV N SR et - LR
LI ER - BRARKE N ORF RS RE - M5 2 FEHRGSIETHAVIE - E iR AL
BT REE

HA > FfM4ET 2003 4 1 HE 2012 4 4 B 2@ RTINS BIERFIRE R » AR HEA]
FPHEL (1.71%) R HAEAEZ (0.59%)  DUFIFRGIMA(E 2.2% » 1727 (Julio Carmona and Angel
Leon, 2007) FlIZI 8 {ERR S 3 E @R - BEHT 25%#E7T CIR F3A8ifE ; [EHF > {75 (Dahl and
Mgller, 2006) {407 > HF5E JJERBE R TR B 350 Ry 2% AR EL EIIETE » W ERfEIET R - 4567
FEBE T RRAERE - A (4) BT Cr BB E RV - R BB RIS 2
PEtIEAE -

i i BRI A E B P E RS B 22 B T s E R BRI o SR ST PREERERLY
P Ry NE N > Hiam DGR PAMEFAE - INIEASCER A (Longstaff and Schwartz, 2001) Fffz
B/ INEITEEM KA R (LSMC) HEFTEUE KRR © TEIBLIEBAREE T EEBI (K) R 75%MIEEE & @ 45
FEEREEERZE (L=1) - L0 XEEE - RIS IREERLEIEMRE(EE //353.710T (FR2) - #2
BT > BEESEEREIE N > BUE BN A SR G R K A T T 208 JUBEHE -

BEAh » A R B R AREE T ERBT (k%) AR RANA SRS % & - BEEK(ERYEE
T+ (FRLUBEIRR) RLERREEE (EERRE AT S B R IREARLIEZ R) Rl
(2~ £3); (REEBE A (LEAK) - ML EE B REE - 53R - EErErt
A B TRbs A B KIE RSB (723 ~ [E2) -

BRI R L T AR KRB ERRERTIAE ARSI > RIHRK
RS TR (E3) 5 MR H A (S ELIEREE) ZRY FEFERIENE

%2 FEBHERE T2 LR
iy : 7T

RHEREL
k% 05% 1% 15# 2@ 258 58 10% 13% 158 208

75 360.1 3588 3539 356.1 349.5 355.2 3557 3521 357.0 353.7
80 410.1  400.7 386.9 403.2 401.7 398.2 400.7 3965 396.7 398.5
85 4410 446.6 4451 4524 4465 4453 450.3 447.7 450.0 446.6
90 495.6 509.2 489.0 506.9 5025 501.0 503.3 503.7 506.3 502.6
95 546.2 5747 566.3 571.0 567.6 568.5 5704 570.0 567.3 570.9
100 6334 6399 6413 637.2 6454 6455 6423 640.2 639.5 6411

SBH ¢ IEPE DR TR 1.71% - fEE5720.59% ~ 1I4ATE2.2% ~ HBUIERRHE25% - #EfTCIRFI#
52858 ¢ 3 DISE S SR TR B 296 ST TR - IR R R B e 22
(L=1) -
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® 3 FEREEHE R EETE

B - JT
S ESHIE 2 OrEEE A (B (E R (L)

k% 0.9 1.0 1.1 1.2 1.5 2.0

75% 583.34 353.71 237.13 174.66 106.80 80.99

80% 646.93 398.51 267.84 200.01 121.63 87.94

85% 715.83 446.57 306.14 229.07 137.56 97.78

90% 791.24 502.59 345.13 259.63 156.48 106.87

95% 881.45 570.94 393.87 294.74 173.01 117.96

100% 979.77 641.12 445.67 335.95 194.98 128.14

ST - EAEHE AR E 1.71% ~ £4E520.59% ~ #)4A{E2.2% ~ HRERERHE25% - #EITCIRFHR
B W LSET BN T B 2% IR e L AL -

.
[
|

7
é
é
]
?
?

NS

B2 AOEREEMNIER (k%) FET » BB E =R E

SRS b OB (AR 0 <2 2 S8 Ry e TR R > IRIDE EL AR BE 3 2 RGBS (TEIERARYE) N Ry
JeHERIE > AILAEREE L © BB IR ENRIE T - CREEIER Iz (payoff) St H)
SHELTRI - FRREEEIRAERE AT 230 O EE MR Z R - IR IR BRI AR E E DR T
P 2 R GR o RERF AT M AR ORI B2 R I ey EL IR B D 2 3052 - [ES1 > 1] 3 JRET -
k {E A R 4B U » FrARREREE (ERS - AR S IR 2 5 MR
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