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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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WEE N\ S OB anfHERR » PrEGZZLT N SEHERESTE 25l - T2 B E R BT 5 -
I - W B R (single premium) S34T{RFL (participating polices) siftfi ‘ﬂ@%”f“ﬁ”“
(equity-linked contract) Z#/f5¢ - {540 » (Brennan and Schwartz, 1976) 1F 3T HfUzs Fres 2 e FE 78
GHPRERRF - R ORER R oy WA BN - — REEWE - 52K B ERE 2 S TS - (Grosen and
Jorgensen, 1997) RIEEE - FrAW G Iras < SRl - FEVEA SV - At T e 0E
FERE AT R RS S (E E - 5950 I ALIREEAVEFHTH - ( Grosen and Jergensen, 2000) jKf{rER
e =(E4HROT R © fEEfR{EZ (risk-free bond) ~ &LFIEEFERE (bonus option) Edfi4 isEitgE
(surrender option) » ot » TR RERUEEERE - R 5R Ry maUBEIERE - (M 00 DASEH R 48
72 (Monte Carlo simulation) K —IE# kA (binomial tree approach) & #E | it #E 25 E {H -
( Bacinello, 2001) 7347 A BARIREE RN < 24LIRE - BRaHEA RV EER EHEGHIBETH T
{FEEE(E 51 - (Bacinello, 2003) 5304 (Cox et al.,1979) RIS HEIL 7S (R 4741 (R 5 > ey
fREE © (Chu and Kwork, 2006) FIIFI|FHEEERESTE 7/ ARHETALIRE - P =5 T Irag A% ~ 7
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LR BEFE AR - (Siu, 2005) Fr T _EAMUNRAEEIN - HRHARIEG AT LR Z 5FE -
Al e PR BRI AT < SRR S Ry 2 (AR EAE ) - (Gaillardetz, 2008) s 7 4LRERELFIZR 2 fiH
o FERSEAREE ISR ST A B ENE LI T - RS R AL G A ST ALORBE Z 5P -

ERCTRRAT RS Z pn o N am o dLOR B AR IR B - SLB IV RT RN R B SR (T &
HEBZ I HSARIEEREH S Z BT R - HERNESIRE - ASFrERaTaIELS
Fha A r¢LfrE (nonparticipating policies) - BEZAORER AR E A8 - ST SRy BE 2 fR
BEEREHSIRTENRATESLTRAE - M ZHGHRESECRES 2 P& © 2400 > —
ERZREEIINE] - BB Prbe A EEGIRCHHIRE AEEE  SR A TEMr ERERARR » (Y TREREE
B RERRELLY o AL - PR A FISSRH A EOR AR A AR SRR JERER Z RN
FHEBRERANERRNERZ — » APl BaSEkEREA FEERFESS - (A ERGR R
FRECTREZ(BE - AL > ASGRIEEFREE ) 2 FEtsETE - ISR EENES) -
TS B RRL TR A -

PRAEIRTS SN > ASTRBEHINEZPEAT © 55260 T IriGBSLOGERE IR IREEIRS | #hir
BEE RS RIFE 2 M TR IR BRI AURR ¢ SR360 T IAAUEE | S iRaT
BRI E A S DU BB R R (H (L AR RIE IR BB R ¢ 35460 T e hr ) JU
PRACE (BT ABEER © 55560 T 45aR ) SRR S R BB IR - 2 BORE -

2. REEEREB R HEEESE

— e R TR ORE - JRRNSILRE (net premium) SMEHRITIIE: USROS HITINCRE - i
GREZETE - AIEAE " WGP 2 ORESEIFANT » SR RE AR (B SEHER RS
S RS IR E RS - DITHERIRIT R RS - B HRARGN ZaHE » R%#E
IRASET (BETF) BRREZ () > BEKEREdR BT B4R BAGTEANAZE 2%
I T RIS DI R (st I -

ZhalRBEEaNTIZ > DL T HSE PR RS EARA - BEERESE - Ria#
& RIAPREE(EELEFiE (policy reserves) - [Hh#Ef BRI SR A FIEM R 2 S0E KIEFERTHE
P Z 80 o FHEOR NP ZLL A AT AR - (R R E LR IR B E - (HFEEF - frba
A FEIHS R BB E R SRR B R DUR4T4E (surrender value) #FFIEZIRA - Wt MR
BER TR R AR ORBEBEE (policy value) DULBERERIERAT M52 - lEE 0k
AT T —(E LACR BB RS0 - R4 R R EEREERE -

HERTE I — RS B (N - TR R S I e — IR R4 e LR - AT
MR > RS HRER 2 (REEEEHSHIURARSER © E - (REEEEHS R E
OREE =S EH AORE B0 P RAETEIE AR R ORIRES (TR SR80 - PLEHE o] 8 E iz
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HAERGEE EAMRETRFME” 20 ARG SR BRI RE IR A" #H5 DURETEER]
Kt BatHE > piEl hEmH T E Z B ERIE (retrospective method) - 12 2 HI By R 274
(prospective method) « AELUAMTAETE - A EIRVEEEmIIEN — 2 - ERNBIERH > HilE
FRADBLEH TR 2 RS > RS IRAR B B SR DRV E FRET R - B LIt
4 AR A BB P PR A FE AR TR IRK, » FEOREBE(EEL 5 TA] - BdAT Al PREE(EE ARG St BR A
[F] > ARG ER TR R E R ST B BN EE - FrLETE A RFEAZRETHE SR
U MRLLER TG HAERCEIE BITIRR > MAREMGIECRAAEET - NIt > REEE/RET
AR BB (G A0 AR AV B B ] 230 A [FHIRHE -

FEBAFRESE T BB HIEEE - I DURE A RS B Or B EE R - BFITLL T #
BIRABIN LT RZ ATRETT Ry - ERRNAEE B GEAR - SRMOEESRIFENE
B (thEtEfIEEROREEE) & - MR Ry -

3. IREIETF

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

31 =2 Ar%iH

RE R PR E R N E 2 EHERRE - (REREE R | IR ORbE A\ HITRBR T & x
% EPREEPR E IR TS AR KEE 1 (0) B FUEAR AR RS 5t EHESL T (4fF) K-
FEAFENIOREAIEIE T > IR 2 EHCPAELILRER (annual level net premium) (P) £ :
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RS RACE (prospective method) FHED HEFREEHNEE t R 2 SEHT S CRER FIAER 4 (net
level policy reserves) (\V, ;) * Bl FsaZ (bR 52 IR ER{F SR 2 (RER B SR B TIPR AR GIR B IE -

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

R - EZROR AR > Orbg At Bl ORES(E (B R (e BT B TR - DU
FalTTERA - BB ZEYE (oS, ) RHRIRE R IR Z RHEaH -

t
Se=Vom ~[k%+(1—k%)ﬁj 3)

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

fREIER ﬁtﬁﬁ%’ﬂ%ﬁﬁ%ﬁ(a— k%)-(l—ﬁ)j TR t BRSO AR - A E PR (TR ER AR

> HpIE AR AR (1k%) -
B (QFGETRIFEEAEE > ESPUEE VERZ GHFROKE (r (1) BEMTTRAR > AlEE
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 S FRAR B € AR WARI A B RO T TE R AR -
T » TR - RSO TR M - FEERY  BRA R
&) TR AR AT T — (RS ROy » BRXI PR BN SEEE - DL AR A
BARELES t EESEAIRREINER T © oS,V © HMCR USSR L7 aint 0 A FERER
S ELHFTIANN - LIRS - 5 R0 R R R R S (IR RIS DA T BRI Ko SR
FECREREMIETH) A RRELEIR S S R SR R R (R (1

bR REHSELE -

2 REUMSEE—EHIUGRE : TER ARG TIEREE BT R B - (R R
ARG A AMERTEY S B DN R IR N ES IR EE RS 2 MU0 2 = - BRIE 2 1%
88 » FEEIORIREEEY ) - 52 fRIRAEZ THRAIRIREGTEER] 5 FBRER—=t T5% 28
1B > SRR ATHE 25% -

P REYRE R RRAII o BT R R SRR L TR -
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Ao ORbE P i TE AR TE 77 B AT AR - i@ PR OREEFRE AR © BT N e Prba A (g
FHIRSCEE - BRI MESE CRGHE Z (B IREE) - Z20R AREA I RERR I BRET S -

PRI > FhrirBEEFTA RN et o > BIRABNREEEZ B SZEFHR A E]
IR - R B S IFA RS UAESTRRZEE  RIREERRGERR T iR
FLUEIRIE 35V g R D5 BRI PREHE > R AESE S B 1% (R B R 2 S S HE T

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

L
N
HAH DU REEHE © & b A e it iR - (RELESSEAS - Al L SREUERCR » fRER
SGERETREA > IREINEN 5B Y - Eid b (DL t\7x(;Lﬁ)| U V) > BTSSP
"5 BRI AR BRERE (E (o MEROREE (L) CAERESE BRI AT A28 EARAE S
VEEEHES > PRIE GRS TR RET B 2% > Gt R A REURT - PREE(E
EFRDAR e T8 (L) HRDEC - SRR ARG "I, (HE -

AR RIZS B - (S5 A 73 AL 55 e Or SRR E THE HIR TR E ST et LIRS R S I &
TG HAR B Ol A\ S L RAVE SIS A E R BE RV - B R EER RS - #iE
LR ALY EI - WONE IS - PRI - PREEMRETIBEFERE (F (H B R AR AR B R )
EEAHRE o DU RIEREAATASE 2 FIZREASE Bt aEE -

3.2 fIFgiiE4E

HRAF R IR 4SRRI T > [ (Merton, 1973) DAF% > 4335 (Brennan and Schwartz,1977,
1979, 1980; Cox et al., 1980, 1985; Dothan, 1978; Hull and White, 1990; Vasicek, 1977 ) SR %2
BHHTEAS—EI AT - SEHEE R EF R BT B HHYHE -

(Vasicek, 1977) AR FZRSE{RER (mean-reverting) (YRR - FEIEHETT - AR i
IR EFHECTRE  (HIEE Y BRELE A G A R SRV EFZIR G - (Cox et al., 1985) HIFEH
S—EaEEREE (LT PACIRMERE ) ARG HERIHE - 45 CIRBAYT » B4 fEts s
A T dr=x(@-r)dt+o,rdz, ; ERFFSE 0 e FIGEUERRAVELE - 0ORFIRFHIKE - o
RFIZGENE - ZoFsWiener HS72 - FHEZRS (Vasicek, 1977) FIZRMEAL > CIRFARINE T A FZR
W o AL ACCEFE ACIRIERI A E His i -

3.3 7= F'E{PiEse

FEE AR dmEd - - (Bowers etal., 1986) 3H] AL ReEFRIVET R - MifTREHAE
2 NI (X) 15— e E > QIE A S 2R (X>X) Alzek (2>X) APt

©ORBRZEIR B, Vasicek (1977) SRS - HEH S0/ DB HHIRFISR R R S LA AR SR
BEENAZZAGHEIES > FTAASORAEEE CIR B4 -
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ZIRIFER RO By

Pr(x <X< z|X > x): Fiz_);(FXgX) _ 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 > HAXHEIT70 - HI
AR Xk B L BRI TR AR

F(x+Ax)-F(x) _ f(x) .AX_—S'(X)

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

-AX = p, - AX

ERZE 00 =F () BXERREREEI - = 1 (/- F(W]=-5(0/500) HITEATEN (the force
of mortaliy) - it -5%» OTLLHEMFE TGN * by =0~ [t ) + 5 e TR

B E 2 RS PR KA » AT IR ARG T AR R BT - 2481 BERG K 219
TIFAEE AN - (HRSIEIEE IR A L rT RE R A TREISE T I7KEE - SR I @h Al a] 17
Ry—BEEARRE - SRR 1 BRSBTS I BB AE =~ fH AU - 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 =47~ (Dahl and Mgller, 2006) %% &reduction factor
approachEZaffine approacheflf;e: » FEESX R (E RIS 2 I TT (W) FIEIEITETT (uwr) EEIEITEH
BT (Gor) ZHHIRAE © 1 o=ttt X St > Wi Z BB ABIRRE ST SV ) - AW

(Dahl and Moller, 2006) {5571 e SRS (Cift) OFf) A T iy : f M=o, 02, (o

X+t

FFEI BN T- 2 B - ZofsWiener J82) o I - F GG IRELGTI Y EEREGELES -

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

—j Hy dy = |Og{s(x(;)n)} lognp, ’ E‘npx ZEXp(_I:Lr;dy)

S RTEBESETE  xH R n R IR E R pr:exp(— j“ymdsj B X+
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

(- 1,0y = d logs(y))
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4. BEAh
4.1 #iE 2

OREEARLT 2 ME AN I B IENE - T S5 USRS 2 B8 » RS 5 ] DAREIS B4 2 vk
A AEETPARE - T2 EUE 720K AR o BRASORRZS (8 ] —IERI AR 2= AR g 5 B FE
T EIRATELIHIRE - R —IERE AT R R B A HRE] > GO E e ER SR E
FERETE R S S E R - fHET S SRR AT R S B e aE CEEES
{EANEEE A s 5oV 2 5FE - (Longstaff and Schwartz, 2001) LU =R RSB g 1 HY
FrAEE @ ik TE- R AT R A EERE LA EEIRATERMIRE - BENAHIET
{EFRERFE EAZRESE ) 2 FEtkiaie - AT AT (PR FH Longstaff and Schwartz iy i/ N1 J7 52
7% (least square Monte Carlo; LSMC) R+ HEOREERRLVEEIFREME - SHEIBE P - MERAOREEAR
LB LAY E AR A E  HBKEIFBEE (R 2IFHaveE) - (HHEITERMS
S EE R > (HFR SR T B ER B RRATE - W IR R S B E G E (R
FRATIBETERE -

42 BEAFEE

PHEREEMRL BRI 2 5VE - BRI B H BRI - TMTER MYIRRE
it fE R B © 5 - Bt irbe AR 30 k55t » & fr 20 FEHE HIER - R8Ty 100 &
7T PREETHAERIZR Ry 2.2% - fREFER 20 SR ARG - St B fREENZS - RIS M T 28k
7 [Ae&ER4 7% | (Taiwan standard ordinary experience mortality table; TSO) Z 9ET R4 HH
A (ORENATEEREEL R 2,176.7 7T 5 5 BIERHMOA (2) ~ (3) M=k HatEokE
ZIRELS ARG (R 1) BRI AT A (Rl ETRE 2 JE AU © AR ZEORBE By oy BRGSCER TE
Wik o AE VLIRS N ORELATHT Z 25l RAEIE N - 1R BARIIRIE - 2 Prbg BAR&S L PREE(E
EEFHEERE MRS PR SRS TR - He R g ety IR - REEIR
BRI R RE e N BRI ERR e &l 2 3 5 ([E 1) FefEbiclE 1 (B3R 1) frE
BB & PR SRR R A TE © CREE(ECE AR AE AT IR IR - W T —IREFE
FETERAREEE - MRIER . ¥ RS ES + REFER (B35 T IREFEE) - I
DR % B0 S8 {4 o MR o AL 6 PR SR k) e B S TE ) EFR MR R M3 7 - S5+ = (REEEETE > AR
OREREER S T - ERARLTE R R —BME  Beyeih Bt (RS IR RoR

TR SRR AR I 2 (R B ARG R TR (A0 (3)R) - AL » I A
P PREEAE A At e LR B PRI R © OREE(E (B o= AR R A (AR sl L
SV RS PRELF LR AT AERK - FEA - EOREBEEREFES S > HIREFRETNI (BIEH
D) W o BMERRE IR o
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R1 REXIFEEOE

B T
IREEAESE IREEAEM B 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 RIR@RETL 1S, = Vo -[k%+ - k%)ﬁ} Heh o LSRR L (k%) I

DL L AR (75%) fRA -

SHE
20,000
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14,000 -
12,000 -
10,000 -

8,000 -
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4,000 -

2,000 - (REEAEE

0

12345678 91011121314151617 181920
== LT PREEE E A

B 1 REEEEHESEEGSE(LE
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1H) - (HE S+ HREAEER > (RE(EEEFHSIRBCIERR > FTDL > HEIARRATE FIRIRR > 1)
RN SRR - HEBfRLTe S (LBAE - RAVIF TRV N S5 AR et - U TEfR
LI ER - BRAKE N ORF RS IRE - M52 FEHRGYSIETHAVIE - EiR AL
BT REE

HA > FAM4ET 2003 4 1 HE 2012 4 4 B 2@ RTINS BIERR R E R » ARREF
FPHEEL (1.71%) R HAEAEZ (0.59%)  DUFIFRYIMA(E 2.2% > 1727 (Julio Carmona and Angel
Leon, 2007) FlZI 8 {ERR S 3 E @R - BEHY 25%#E7T CIR 3488t 5 [EHF > {7 (Dahl and
Mgller, 2006) fi7: > H3E JTaRBE R TR B 55 Ry 2% AR ELEIIETE » W ERfEIET R - 4567
FTEBETRRAERE A (4B AT O BB ERYEE) - 2 BB LRSS 2
PEtIEAE o

i i BRI A E B Y E RS B 22 B T s E R BRI o SR ST PREEFRREY
P Ry NE N > Hiam DGR PR AT - INILASCER A (Longstaff and Schwartz, 2001) Fffz
B/ INEITEEM AR (LSMC) HEFTEUE KRR © RSB BAREE T EEBI (K) R 75%MIEEE T @ 45
FEEREEERZE (L=1) - L2058 XIEEE - RIS IREERLEIEMRE(EE //353.715T (F2) - 2
BT > BEESEEREIE N > BUE BN A SR G R E SR AR e T T 208 TS -

EEAN - PRI R B B REE AT ELB (k%) HIMRIF R ADAPREEESNE 2% & - BEEK(ERHZ
Tt (FRLUBEIRK) RLEEREEE (EERRE AT S B R IREARLIEZ R) Rt
(2~ £3); rREEBE A (LEAK) - ML EE R - 2GR - EErErt
A BT TRbs A B RIERRARLIRAS (323 ~ [E2) -

BRI EL T ARA R KRB EFRERTIAEEE RIS > RIHERK
MRS TR (E3) 5 MR H A (2 ELIEREE) ZRY FEFERIENE

%2 FEBHERE T2 LS
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 G DUR R EETR 1.71% - fEE720.59% ~ H4ATE2.2% ~ HBUIERRHE25% - #EfTCIRFIZ
f5E05E ¢ 7 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 (R (E AR (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

S ¢ EHEHE AR E 1.71% ~ £4E720.59% ~ #)4A{EH2.2% - HRUERERHE25% - #EITCIRFHR
B WL RN T B 2% IR BEL AR -

.
[
|

7
é
é
]
?
?

)55

B2 AOEREEMNIER (k%) AET » QOB E ZRE

SRS b OB (AR (< 2 S8 Ry e bR R > RIDE ELAR R 3 2 RGBS (TEIE BfRYE) N Ky
JeHETRIE > QLSS REG L © BB BRI ENRIE T - CREE IRz (payoff) St H)
SHELRI o FREEEEIRAEREAT 230 O EE MR Z R - IR IR BRI IAR B I E (E DR T
b 2 R G2 o RERFIEAT M AR ORISR I &y EL IR B b 2 3752 - [EA1 - 18] 3 JRET -
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