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rates dependent on economic factors
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Withdrawals are more problematic. Withdrawals are, to some
extent, related to the investment experience, and the withdrawal
risk is, therefore, not fully diversifiable.
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Abstract

With the fluctuation in the financial market in 2008, insurance com-
pany provided the consumers with equity-linked life insurances embedded
guarantees. On the other hand, there are more risk in the financial literacy
and underwriting performance of the insurance company. It is especially
important to calculate the premium of the contract embedded investment
guarantee properly .

Traditional method of pricing the contract embedded investment guar-
antee was assumed that lapse rate was known, because product providers
believed lapse rate was not a major factor to price the contract. However,
Mary hardy’s ”Investment Guarantees” page 96 specifically mentions about
the lapse rate risk:

Withdrawls are more problematic. Withdrawals are, to some
extent ,related to the investment experience, and the withdrawal
risk is, therefore, not fully diversifiable.

So this article will found the model of lapse rate dependent on economic
factors and further get the fair value of one kind of a contract embedded
guarantee: GMMB.

We will build a financial model introduced by Heston (1993) and use
the methodology provided by Mercurio (1996,2001) to price the risk bear-
ing gap of a contract embedded guarantee with utility function to depict the
risk averse level between investors . And we have lapse rates affected from
the fluctuation of the implying asset which is the hazard rate model used

by Kolkiewicz & Tan (2006). Finally, we will simulate a set of scenarios to
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present the Risk bearing spreads of equity-linked life insurance embedded
guarantees whose term are 5,10 and 15 years. The following are the conse-
quences I got: (1) The longer the duration, the larger the spread. (2) The
spread out of money is larger than that in the money. (3) The higher the
risk aversion, the larger the buy-ask spread. (4) The deeper the influence
of economy on the lapse rate, the larger the buy-ask spread. (5) The higher

guarantee price insurer offer, the deeper the spread affect.
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Chapter 1
B

1.1 HZEE RS

& B 5 BB R RE DR B B T RERY PR i o, TEORER /8 dn Bl a%
AP EDEEEEENAG. BB 000 FE B BEHBRENER, 8
BENEE, W 1.1Fim. RERERNEERRERELEEN, KA
BRENFREERDBERE (Separate Account), Rk AR A EMHERIEE
R BERE, TIAREAYMENE (Account Value) AARIENR 55 & 1209 2 ERUT
&, AR FRETAERERRE. BR2OFERTEHEBE TSR R F R
EREMCNE, EERERRERNHEZ IR AR, A, RiEAFRSH
FETT ST RN [IRBRENRE ], BPRAERE LHRE.
DEBIRARTSBH, HPHRERE (Investment Guarantee) HIFEEIRE
RERFPREBEINMERZDVERBIESE, HERERE (Investment
Guarantee) FF & REZFTENEE.

7000 0.9
78.8% 84.10% 0.8
F 0.7
F 0.6
0.5
- 04
03
02
01

6000

5000

4000

3000

2000
0

20044 20054 20064 20074

PR R R A(RTD) R AR A R

FORIACH - PRGSO

L1: &R E I E R



SR 21 A 5, HRRIRTS R KRG E R R, it
FEANOBICLARCRARMEIRBET, KRG ERRE AR RFICRREH
%5, REEHa TR E B 2L & R T35 BRI 3.

BSE—7H, A &R REBGRAIEESOREE A B H T # 5H KH
PRI E g . TIEER L, R R RERREE A FI7ERERRETHF
BEERRFNENTR. RRAZMMARSRFEEONERES, HR
FREREIEERIN—F. KRR ING (2011) BfhEE, RBHEFEL
TR, THEMZ, EENEE 2011 FE5NE M 9 2 11 EEUT,
BT R FRTR G ERE A TR R BRI E M, RIRFTE
RigEEEE T H, ASkEARGHREFENTE T EX S ERNE
%, R EE R A B R A FRFERAATR R R 2R IERE, LH
e 1A R 2% B B R RIS A 0L T o BT AT A OR BRI T B TERT
BN A RIERBEARENREREGE I MEE,

TEREAFRE AN R ERERE R MR EHE, &R
T B A BB, A Equitable Life ZEA TR —EFT.! Equi-
table Life g /A FITE 1980 FRFHARAT T REN REF S EEE (Guar-
anteed annuity option ; GAO) FIPREL ARIE /A R ATIRFBAYFI B KHE SRIRHE
FEFIZER 6.5% BF & AEA (In-the-money), HELZRFIZRER 6.5%
R P e R BT R, BEREE A A AE N RBEFES. A
TEAR B BT, (REZFBWFIZERER 10%, HEMRBREAABZESZR
BxENGEAERN, REEETERR AR T E2ENEME, RMLE1990
FERPEAFZREBERE, TREE 6.5% LT, 3EEA 200 £ 1 Equitable
Life A FM B2 EEBRENTTE.

5—77H, 532004 ERI R ERIZE ST A (International Fi-
nancial Reporting Standards 4 ; IFRS4) B 2001 ZEBK BERfF it~ ARbe 2% 18
RESTBEEARYE (Solvency 1) LB E KRB AR P E EH A& BTS2
{EfE (market consistent value) 2Rffr &, P IRIBE AT, (RERZ RIS
PIRFRIAGE, NG R A R & ETRER ST, KA AT &R

L2ZF: Risk Management and Insurance Review
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EREREE, BRREAFEEEAEEE FEERIAEE, 7200345

ERUARLR, THEREBEIZ. RMERRFERSRECERRELE

{ETAER, ANFIZREgEEE, IEHE RS, RERFERR, HEERAMRE

RERFERTE L, AR Z R EIN SRR RSB R P ERTTR. AT

PR EHBEERE G CRPOBTRT, R RE RS RE

(mmm)%ﬂ%?% LSRR A RIENRBRE T E L BRE.
H B iRk A m7E B B 5 T R ANE

1.2 ﬁ 7':573131:%

AOCHIZERBANT, B _ERMRET S IR E R RE RS, WE
[ R A A 15 2 5 AR 2R B DU o PR SR B S 5 PR B R TR A REIRA ST
Mo F=ERMEAERECERROPERPITRENERES, Dk
P PR 3 B A 1 P B JB e 2= (B AR 2L, B8 1 B DABUE A B2 AT (AR 2
B RS T8 EEME. BAERR.



Chapter 2
P o 1 B SRk [

2.1 MARERENELE

B RSB E RIS (GMXB ; Guaranteed Minimum Benefit) S FRE
WS ETNGRRE, ARRE T &ENEHAR, BRSHRFRIRERR
iRk, —RrUEEERRERENRARIRFHNEE,

Hardy (2003) ARIBAETAIEE (benefit types) FHHT EREE KI5 B TLE:
RERESHSE (CMDB)

RERIEG T EEE (Guaranteed Minimum Death Benefit ; GMDB) 7
REPRREZEZHIRIEC, 8 FRERERCHRMRE & HERES
BB R, 72 RIS AR E IR P EE, DURE BRI RER Y
BRI RE, I RRARIIRE, TR E N EFE, Al
SRR E A fREE, T LAIR P REERERER R, H REEHEEEL, J
RESFRFER RN LR R SR A EE RERESER G, JLC
FFELHTIR FEMER F, AIRERFERILCHRMAT R max(G, F)o

REREMmHEIEEE (GMMB)

RERARFAISHE (Guaranteed Minimum Maturity Benefit ; GMMB)
mEAREE R P AR, THEERERBORPGN. ERESES G, Wil
FRFEERR FEES F, RIRERER WG S max(G, F). WE 2.1F7R,
G BRFEHARR FEE, 2006 EHFHH . & EIHAR R ERRE, 15
RS PR ERR FEEREAEE, R ERRBHER. KKREA
Al LEAYER PEEERE EEHIZIE max(G — F.0).
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2.1: {Rbg S BREE SHRR 1R

REREREEZE (GMAB)

RERIERE S (Guaranteed Minimum Accumulation Benefit ; GMAB)
TERE AT, B R PRI ETERERIEE ny fEHY (Renew) MBI EHIH
£ no. BRIEMR FEETE ni MR EFERRERE, ERERRFES n
I, R ERIERBHIEE. ¥ RORBEBERRESERA. EEHEES.
RIAERIEAE no B, 5 (n1,n2) BIHIRNRERBSES G, IRFEER
F, AIRARREB R MG 5 max[G.Fl

REREFEEE (GMIB)

RERIEES S (Cuaranteed Minimum Income Benefit ; GMIB)
PR R] DATE SRR AW T2 75 20 B R = i RO IR P BB I PR S BY X Rl AE
& RENIXBERRBTSFE SR REFEE. WHRERZIRFE
(EEEEZ DB IR PR P E AR R E,

REREREEE (GMWB)

REREIEESEE (CGuaranteed Minimum Withdrawal Benefit ; GMWB)
TRER N FIEREHG I BRAN — BRI RV, RBREER (—F 5P
F) RS ENENMSER G, WENRBIRESMR n &, ARF
FEWHEE G/N . HEHEBREESCNLE, |RFEES SR HEE, Rz
NELASAA REM, DIRE AR SR S48, H RETRHEMMR R, 7
HiRF{EE, RIERF AT DGR E—REEE S L TERE E,



A X B BREREREH (GMMB) IWRERE N R, %
ERECEREGBLRPEITE T R RE R i T RER R E

&,
2.2 EBETHENRERERS

£ 2008 F SRUEWHIT, MEERLER 7B RREESIMHLE =]
JEK . DRI ORER 2 FIEE B A i A HH B R R L &, 2518 2.3
o AEIELLLE R VE R B L (E B

A REEBETFERE
e GMDB 8 GMAB HfE 6.
2. IRFEFE = FERRRERBENES BFES R REER. BEDRST
H=1EMR 5. A0 2.2F7R, &k P AR ERRE L,
3. FIHARE A — R S0 100 %o
4. REREIERL B rEEE,
5. RERIER, AREREBEREL 15%ET,
6. tREEEFBREN %, EHES A 1007,
7. BREHAAE S GMDB 0.02% /4, GMMB 0.05% /4

WBERE SRR REHRESEEAMCR R SRS, 7] DIEF R F 1A
THEHRKRE, HRE O ERBREREAGEEEN Bt e [4
AR ERE | BIRENAPEA LR M B S AR ERH 1 BAER
REFRRE B E MR, EXAREREERIGRRER,

TR i
?’r&gg%ﬁ@ 100%| 90% | 80% | 70% | 60% | 50% | 40% | 30% | 20% | 10% | 0% | 0% | 0% | 0% | 0% | 0%

FREN R
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FRENALRST
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B A GMX B &

B

I I I I N

I I I I /
2007 2008 2009 2010
4 i
EEARRBAS || FrOBERL| | 2R mat
fﬂ A*Eﬂ“ﬂi (GMDB+GMWB) i‘f-% A*%Dﬂﬁ?f
(GMDB+GMWB) (GMDB+GMAB)
HIUARESAL B ARRINALE
(GMDB+GMIB) (GMDB GMWB)
HRAREER
(GMDB+GMWB)

2.3: BINEITHIGMXDB ik

A RSB o

1.

AT o o B

6.

WEER S B Global Strategy Dynamic(EJFe#)) #1 Global Strategy De-
fensive(PFEAY) WitE,

BREEH10FERK 155,

KBS GMMB fl GMDB A

EICEHE. RE LR 25 B ETT

MRS ERRE. WIRE. BERE180% WEEREME &
EARE B REFIHER, B RIS BIR P EERRRESERRE S
HELLB (corridor) —HEE K,

BEENNRE GRS W AE: (1) BEREIZR. (2) FIZ M RH,

I ERak)il

1.

R E S BBRRERERNRES I, F R S B2 R
HAGEEIREERRIH, TRERFRRERR, FROEERE S
A R s 1 7 T B T 2R A PR L o

- PREE ORI /ETHIORAS: SRALORACE S, B E ] e B EEIRE,
- HRARFRNEAT, RN FRRERREEE. Hitn] USR5 E

REARIRISZ R, AR EAT R ERE, O FAE THERR AR E
it NS RTT & 1F— R A BB



2.3  XEkFEEE

REBHIREE A FIEE —E RSB AREE, 2 B Rt R EE
HEFNTEHIBRE 2R, Richardson and Hartwell (1951) 5 BiR1T R AIME RS
EHIRA TR MM ERIR P A 5 K E R PR B, TN & AR AR R
FRRIRE, HFRZR SR EER 450 BE R HEERBIER, Outre-
ville (1990) it BRI EIRH B EEEBAIMERNREE TS, KEE
MR G Z BEEIR . HPERAREES, HPHETEENZER,
R E 2 B AR R OREE A R E SRR, (RE G ERP L, St H
TR S A B LB S FIZRRI AR . (HRMIRE R B R m A ETEAR &
B EER B BT R AR 2, B0 Moller (1998) SRGHE BILREL /)N
b JE\ B e SR R AT R — 4o Christian, Kraut & Schoenmaekers (2012)
e R A B R B AT E B ER PR BERITT RA R, fEXCR I R R =
RUBERITT RS, INGEE 2011 7EEBIFRS 9 EEOTE 1.1 (BT E A,
BEANAE A5 FHE B R R TRV R G E I fRE R ER R E

Kolkiewicz & Tan (2006) W FEHE 7 R 5 2R R 25 T FE A B AT a8 RS IR
B (unit-linked insurance) HIRE.! TEXHFMET —E /&, AILEEE
R BRI R PRI AT 55 o AP FIAREE B2 (marked point pro-
cess) KRG EIHMER F G EMRRERNRE, HE—-F EXEFEBRE
PREH YRR ZEL DLRCE B IR B S SR AT B i R R R R
EERNBITRERREERERRZE,

BEFR Black - Scholes model (1973) EEZ AR &REMIETE, A
RIEENFEREWNEN. KMo ESSEe R REEEEE4E
(the presence of volatility clusters )o HEEE AR B H EREE KA ),
/NI ENBRBE /N B S i, I ENIR S A EOR I ER R R
BERE, & RS S MR R NI R, Bollerslev & Ghysels (1992,1996)
R ARCH model SREHEEIT B E FHFEHIE BRI, 55—1& Black - Scholes

IR ATEECREE (unit-linked insurance) ZHE R REN —&E, REFTEZORE G
BERFBEEE AT (open-ended investment company). TEE|HARE, (REF & BRERLER
FiZEEE, EREGRIRH, RPERBRIENIECRE S,
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modelfEERF & BB RZ Rubinstein(1995) AR smiles F skews effects
volatility smile FRIABIE/EET REEG ILEENSESR R ZENIE
BWEM/N FIVE RMLGEEMER B B BRI T B 2 BIAE xy HhEF,
EMRRRGRE &R TRMEE volatility skew, {8 Black-Scholes model Al
SR B R OGE BN ER RS, EEEEFI AR, Heston (1993) #2H
—{EFE B AR B i B H IR B R B 55— EFE B K E &, B ERR A DIdE
Black-Scholes model FJftEL, Gesser & Poncert (1997) B Heston (1993)
RO B FE ST RO ATAT M AD J5 (R M R e AR B BB 0, IR AESE Ram SO
A A Heston (1993) RIRERYAR 7 45 I fEAY LR

Féllmer (1986) /M@ B2 %5 FEBEMER (contingent claim) HE
BREY S . MRS —ERE A DR/ MR B GREN BRI, 7
1 Schw eizer (1988) % AHE B MHEAAY ff SR 2 5 — R HI TR0 (2 MM
R B R R ER R S B Y 75 35, M BEERRER. F R
FIRERER T, Shal (1994) FEHA/IMERTTTIRIE THREARENEEY, B3|
PEZR (claim) B /AZEREREERE” ( fair hedged price )o {HRE3E AR
BTSRRI B ATRERS B, Mercurio (2001) [ERERFEBERFRI TRE A
HfRIF AT AR R sk s ok Fon it HH B R B i KM iR & R
B, EEMNERZRUTH IS BEANMEFUTERNR: 1. & HiEME
PR BBt R E EENES (RENERRRAMUREMERNA) 2.
BOEMREEEENARMNNL S EHSEER. TEERNERZ TR
DB EEZE R B E AN a2 . R A B E DUk E SR
A R/INEHE R MHERY 5 A BRTE Ho and Stoll (1981,1983) IR ZE
RERERESNEEEREZ. A KEER FRGFEEEEEBZ (bid-
ask spread), R FEM7 EEE® Mercurio (2001) B /5 G ZIMHE R N
BEEENEEER,



Chapter 3
i ilb=av

3.1 RERERPEERE(GMMB) HER

R —ik GMMB ZZHRRE x RIF ST, MFHE n . 5 BHRYVEE
WHRBEEHZEZ m (management expense ratio, MER), (REEHETH
— B R AT IRERG I B HZE me, HIER MCy (margin offset), 3 I
b PR E A L TR IR BRI R IR E R B R, G REE GMMB
fa P2 i E T RRESHE. F BIRPRTHSEE (market value of the
account)o 55 7 /I {RIRME, F,- BEFHIEL ¢ BF GMMB #&& ﬂﬁnnﬂimﬁéi
HERRE, F- IR ¢, BIEEA AY], GMMB BB EMATRFE
BRI FEE,
R R E R SRR, R PEEIRER R A R R —FEE . K
B — R REH S (cash flow) £

Fo+ = Fo- x (1 —m),

MC():F0+ X Mg,

Het m, BXARERATHE B, £ =1 IR FEE

S
Fi- = — x F
1 SOX o+-

Href S0.5) RRETE t=0LLK t=1FHIER.

10



A AT LR ARBAT 2 R S0 A — R Lo

Wi ¢ iR FEER
Ft+ = th X (1 — m)
HEZREEE
Fipq- = S;—:l X Fy+.
R,
Ft* :th X (1—m): {% XFt 1+:| X
A LAE SR [ ¢ B t4u ROHARIIR P EENR RS
Fopuyr = Fiv X M

Iy FEIRE ¢ BRVIR PR E ST R AU B (R

St(l @ m)t
So '

HELRMBR RS T, ZHNA & R2EG TR

Ft_ = F()f X

max(0,G — Fr) = (G — Fr)".
I B EHAEE S
Cy = —py x MCi+ _ipgf(G—F)T 1=0,1,2,...,

Hepp) RRERAREE. R A EIRER

= Zn: Cte—rt.
t=0
Hep MO, fifE ¢ I, iR FEET I THEE, ¢ HEHE t I GMMB
B BEILEME, Lo RARREMHEELFIER » FrIRATHRE, /& HTH

AR IR S IR ITERA, KHEAE 47 NPV (net present value) /7%, #5
&7 777 (actuarial approach) o

11



# 3.1 5—FH GMMB @RS, BREB—BEEEN, FER
KIEC AR E R, BERERE A 505%, BHIHRE 100, RESEES 100,
BEAOREEEER (n) = 0.02/12, RERAEAZE (me) = 0.005/12
HEANREGCIERERNSPREEEER, I,

% 3.1: GMMBEEEE RS TR WM

Equity Index EV of MB
Month  (simulated ) I DL tqu EV of MC, outgo C,
0 1 100 1 0.0003 0.042 -0.042
1 0.9935 99.19 0.9931 0.0003 0.041 0 -0.041
2 1.0227 101.93  0.9862 0.0003 0.042 0 -0.042
3 1.0399 103.48 0.9793 0.0003 0.042 0 -0.042
4 1.0761 106.9 0.9725 0.0003 0.043 0 -0.043
5 1.1095 110.03  0.9658 0.0003 0.044 0 -0.044
6 1.08 106.93 0.9591 0.0003 0.043 0 -0.043
7 1.1195 110.65 0.9524 0.0003 0.044 0 -0.044
8 1.2239 120.77 0.9458 0.0003 0.048 0 -0.048
9 1.0894 107.32 0.9392 0.0003 0.042 0 -0.042
10 1.0865 106.86 0.9327 0.0003 0.042 0 -0.042
11 1.0573 103.81  0.9262 0.0003 0.04 0 -0.04
12 1.015 99.49 0.9198 0.0003 0 0.469 0.469

& MB:maturity benefit (AR %)

EV of MCy = MCy x opZ, = (100 x 0.005/12) = 0.042,
Co =-(EV of MCj - EV of MB outgo) = —(0.042—0) = —0.042.
B —FEREEFEOR, IRFEER
Fy- = Fy-x(1-m)x51 /So = 100x (1-0.02/12) x 22235 — 99 19,
REEE H L ER
EV of MCy = MCy x 1pL, = (F1- X m¢) X 1p%,
=99.19 x (0.005/12) x 0.9931 = 0.041.
FaHAKE, EV of MB outgo = (G — Fia-) X 1207,
= (100 — 99.49) x 0.9198 = 0.469

12



3.2 WHHHEL

Black, Scholes & Merton (1973) &% B EHE BRI 24 mI A BAEE) (Geo-
metric Brownian motion), #E H T4 M-SR MR ER. ATMEEZHIW
%2 _FAIEE/R Black-Scholes model a5 IRz e 51 B & H IR volatil-
ity cluster BJERER, Bollerslev & Ghysels (1992,1996) #EH ARCH model
SR Black-Scholes model HIERE, Hull, White, Scott & Wiggins (1987)
IR & R (ERE AT DU — (AP HOER R R, T H e R —
{8 B H 7 B S I B AR, (B RER AT IR A A B, 1
Kimam X FEMEER Heston (1993) FrEHBIERL, £ P - measure T, 1Y
BEEIR
dS(t) = S®)[u(t)dt + \/v(t)dWy(t)]
it B B R HEHTE (variance process) £ Cox et al. (1985) & HHYERY
dv(t) = k[0 — v(t)]dt + o/v(t)dW, ()
Hrp o(t) 2 drift term, RIRFZRERIFERBR R (W), W,(t)) 212
YEFTFHEE) (standard Brownian motion), i fE cov(dWs, dW,,) = pdt. TEA
XHHZEE r(2) TEEEEE, B t+s FTEHEZERME « BAKB

BNt t+5)=e Ji )

[FIRF R T 5T RAVIER, B IRERAE AR K.

Kolkiewicz & Tan (2006) FRHPTE Heston (1993) HEHE ERIIEL
B T, WEAAREREM—EEEEBRE —-Hr SN EER TR IEH
BARY, BT IAR MR AR Black-Scholes N, —{HEIEENE EME LRI
JBRAE & TSR AR IR HER S  Scott (1087) FRHE BT EIHBUL AW E
HE—ERMD SR, EEBEANEE—R, FRIERT LARARE R I R e i) 58
o Cox et al. (1985) BgHfE g Bl Mey A=, EEA SR
BEIELE: A(S,v,t) = Mo RIBLATLATE Q measure T, Heston model B2y
B Ja B i B A AT SRR R

dS(t) = r(t)S(t)dt + /() S(t)[\/1 — p2dW(t) + pdWa(t)],

13



b
4

LEEATE (variance process) B dv(t) = k[0 — v(t)]dt + o +/v(t)dWa(t)
Lrf () RIEERRFIZHE, o) RRERFERERE. (W), W,(1) 2
TEHEAT BHE S (standard Brownian motion), ¥ & cov(dWs, dW,) = pdt. 2%
H k,0,0 and p AILLA S HYZEBRETTER (G5, Bakshi et al. (1997) 53
EREEA S&P500FEBOKR LM IER 28, 5 R UBERKIY < B
B E EEREHE LN,

I8 3.1 Ei[& 3.243 A5 Heston model Bk —#H 5 FH (365 x5 H) Y
MERENE (1) DARBRERE, BEEZ28 r = 0.02,p = 0.5,k = 1.6,0 =
0.25 and 6 = 0.04,

\

fJu[l

HII

0.14

0.12

0.1

0.08

0.06

Standard Deviation

0.04 -

0.02

0

. . .
0 500 1000 1500 2000

FFHI ()
3.1: TEHEER U Bl

. . .
0 500 1000 1500 2000

FRERCRED
3.2 TEHEEER
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3.3 FBURZRREA

Kolkiewicz & Tan (2006) fi§ tHBERTTH AT 6E32 2R B IERE R R
2, R L, BRFME t=0 B x BOAE, T, Th,. .. T, B HESGIEE
FEME B, SRR B A FEBESEC T RGRAY RS, BFfE ¢ RERIRERGR AN BT LA
T FIHETEGRTE (counting process) ZRFER:

L,
M-S Hm <o),
=1

Ho [(T; < t) RAEFRFE/NG ¢ EERRE. & 1(4) =1/, K A
BB E, TE 1(A) =0 K, R A BHERELE,
RERTEIABGE IR oo, AIFTEHIRER ARIBRIF L B R

(Lx — Nt)ux+tdt = )\tdt

A = { Mt} o<t<T) B—A] AR FE R EEA2 (stochastic intensity process)o
H MBI R Bl A B A BB BR JE - A\ BUR TR R — 5, B
RERZER M,
t
My = Ny — Agds,
¢ t /0 s
Hrf M, BFRGETE (martingale)o
IRERMLR TR 1, (t) RHFEC MM B TSR BE BRI EGR A
THRER 110 (t; w) & HFE ST B 55— BA B T 5 MRRBR Y e b 2 FrtE A R P B

Ha(t;w) = pG(t) + Hg(tw),

Hrp il (tw) B ENEHE R BHIBHR . 6 FE [ )7 357 LTSGR Az
HEEEEEEHNKRETE. 2% Kolkiewicz & Tan (2006) Rax% &%
PRI T AR Y T XL B (B A R R R AT B 3 Bl IR ABER e (1) REA TR A

po(t) = h(o(t, ta)),

g

t
Bt t) = 1 / Jo(s)ds, (3.1)
max(t—tq)

t — max(t — tg)

15



e itk <o <
hz) =< if ko < 2 (3.2)
0 otherwise
2 (3.1) AURIFHEL ¢ RE R G I BRI KB 5T, Bl (¢t —t,, t) FEH
MBI BT, X (3.2) RRE h(z) M ki B ky FFREHR—XK
Ji BT, TR ko RFSCTHIMRIR S + , W 3.3 Atime HH ky = 0.3, ko =
0.35,7 = 0.1o
B 349, BRFZH k = 0.3, ks = 0.35,7 = 0.1 and ¢, = 3o B 3.1,
AT LA BRAERY 56 300 H BEES 1400 H BRI BRI BIE 2R BIZURY, KITE
& 3.4 R P2 AS T R IR A8 BRIt & B EE BT, iOKMER ~ =
0.1

0.15

5}] 0.1

/
0.2 025 03 035 0.4 045 0.5
ISt

M 3.3 AR SRR T B (B BRI B £R

0.1

0.09 -

0.08

0.07

0.06

o b

0.05 ‘
0.04 ‘

0.03

0.02

|
-

0

L ‘ [
0 500 1000 1500 2000

IRFfEI(H)

B 3.4: ZREZENBEN
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Frittelli (2000) BRAA2C 5 % KRR 0/ DUT =28

5eEM% (complete market):

EEETS T, FHKHE (claim) FEME—HKEZ R (self-financing
strategy), A AR T2 SRR E S KIEREE, HFREEEEZSE
Z B RIF R, 7 w BRI HIEE, 2L Q RFMEE (Martingale),
HIFE KIEBEIER m(w) = Eg(w)o

BEATEME (totally incomplete market):
REBATETSY, HEH A5 5 FR ARG KIEEE, FKE
HEEZTZIRTHE Z ABRBENE, RE u RRESHELRHEH, AL
GEREFREZEMER w(r(w)) = E(u(w))

A5EEMH (incomplete market):
PREMGN TR THRERT T2 TR H. BEHG I HTS

ERGEEER, HoEENATEEEESR. MHEEFNEEIE

AR 5% 2 JABg Rl TEs KEEBEN T {inf[Eq(w)], supEg(w)]}o

TRIE Frittelli (2000) R G HHHNER, RETHEB T2,
PRI 255 AR £ 38 ORBa S50, B AR B 75 Jo\ B B I 5 b AL & 45, (BB
RIREE, BRI ATERERE VIR EHE LS, BT EE L
REEAZR o0 B (R A EEE TS LR E H AR B0 B,
H R TS E— AR5, AR REANS LERZRMGEFRE
FirEE £ R FE RS

BRI NE S x 5%, BBABIE L, A, REHROGENETR
FENBER, BEREARNMBEES ¢(Sr) = max(Fr — G, 0), f&{7F
SHENBES 0. RESES G, J

H = g(St)B;'(Ly — Nr).

17



H 7ERE ¢ RrYEIES

V, =E[H|F]=E[(L, — No)|F) E [g(S7) BBy Fy] (3.3)
E[(Ly — Ni)|Fy] = (Ly — Ni)7—tPrye,

F9(t,S) = E [g(Sr) BBy |F] .
K, =K (4.3) AJL & B
Vi = (L — Ng)7—t Pe 1 F9(t, St).

NN fs g R T R SR B A S R, B RAREENHEA TS
R, AL V; Al

M-—1
Vi=Vo+ Y &GAS; + L,
=0

Heh vy + NV T GAS BEREER, AR, B L] SEERREE
FERETE, A EERA R NERR.

t

L' = [(Le = Nj)r—jPerj — (Lo = Nj 1)1 j 1 Peyj1] (1, S)
j=1

t
=Y 1Py [(Le = Nj) — (Lp = Nj1) Poyj 1] FU(1,S)).
j=1

it A
AL = L' = LiLy

= T—th+t [(L:c - Nt) - (L:c - Nt—l)Px+t—1] Fg(ta St)a

HAIFEE ALY =0, Ny =0.

Mercurio (2001) FEHEENHEZRANMBRMERA, £1r%2
%5 NS BIR G AR a8 R AT 4 2 E {H 7 (Bid-Ask Spread)s
Rk Wy REEIH M M EZH, ERMENRHRER UWy) =
E(War) — AVar(Wyy) HAF A > 0 BEBESBRE., & REEZHRE A &K
R, & 5% E T s R A O R AR

18



Mercurio (2001) FEAEREERS o [HFKE, HhEEGFRKEERER
V, RIFRERNEE Vv LA 2

M-1 M-1

V=Vy=EH)—Aa{d [ a-xa)aLf?. (3.4)

k=0 j=k+1

£ (3.4)F, KB E(ASK| Fr) =0, BT M\ = 0o R (3.4) ATLEE S

M—-1
V =V,=FEH) - Ao Z (AL

ER—TERLAN Schal's (1994) A% f& 1% & & Jabg Fr 1 Fr 5 RS K E
1o T2 ZIHW] B /F 2 BRI (risk premium)o

TR B SGE REN EEEREEN AR (A) B, EREE
TEVEAE 5 BRI, ARt Jo B R P SR B oK B vz i, B E BB A B [H
FHORMERE, YR B ER KR E FEMHIEE (bid price) /%

M-1

Vs = E(H) — AB{ Y (AL}
k=0

EREFHREL [ WHFRER, BREEFEREREEEEREE (ask
price)

M—1
Vog=EH +A5{Z (ALH)?

PRI B F m] LS 2. B0 4% ’“%x%ﬁfl RPN, K EFERE
{82 (Bid-Ask Spread)

M-—1
2ABE{ ) (AL}
k=0

AL =7 Poiy (L — Ny) — (Ly — Ny—1) Pory—1] F9(t, Sp).
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Chapter 4
R =P

4.1 wERELEERRR
B

1. RIS RERHAZE M (CMMB), F BB max(G — Fr,0). G £
BT RE, Pr REmBRFRILR = EE.

2. b &8, RIBHAIR S AE, TEIET A,

3. HIRIHAREE A B 1AL 405 B, BN L, = 1o

4. REE AU FEEZE (MER) £50.02/12,

5. RERIEC R EIRE Gompertz A HIFTEIFEEIEH5

ot = 0.0035 x 1.0727F. (4.1)

6. AETENTHER R B 2 BURER:
ki = 0.3, kg = 0.35,7 € {0.005,0.01},t, = 3 (F¥IEEHIKE)

pz(t) = h(@(t, ta)),

/\EP
e itk <o <k
hz) = 0 it ko <u ) (4.2)
otherwise
1 t
U(t, tg) = Vou(s)ds. (4.3)

t — max(t - ta) max(t—tq)
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7. BRI

(a) [RIRFIRER BIRI0R P B2 AR (B[R] 5% 100,

(b) B HEF B

(c) DEBUZH],

(d) B EHGEATE (variance process) FEAUES Cox et al. (1985) e

dv(t) = k[f — v(t)]dt + o/v(t)dW,(2)

Z(EMHEE (Stock price process) £ Heston ATEEH .
£ P-measure | & ZE(E&ER

dS(t) = S(t)[u(t)dt + /v(t)dW(t)]
£ Q measure [,

dS(t) = r()S(t)dt + /o) ST = p2dWi () + pdWa(t)].

(e) REXZHE r =0.02,p € {-0.5,0,0.5},k = 1.6,0 € {0.25,0.35} and
9 - 0.040

REEEZHE, FAFEFBEE (simulation) BIBMT. DUT SEFIER
i aRe ke i
1. EXRERENED

Cox et al. (1985) FeHIB EHERIE (variance process) FIIEAE

do(t) = k[0 — v(t)]dt + o/ v(t)dW, (1)
HAIE —REfhE
v(ti +A) =v(t;) + k[0 —v(ts)] A+ou(t)e i=1,2,3,...

Heh A = L 2R RS, SEMRES ¢ = iA. BEREEH{; i=0,1,... N-
1} 2 B R HE H RE S B

21



BEERMERR v(0) = 0, REBERHIEET L (recursive approach) BLA] LAF
|5 S B BRI R
7E Q-measure T, Heston model S Bl iGN AT ARR 5

dS(t) = r(t)S(t)dt + /v(t)S () [V/1 — p2dW1(t) + pdWa(t)].
oA —F& il Et
S(t) = S(t—=1)+rS(t — 1)dt + /o(t)S(t — 1)x
[del(t) T deQ(t)} i=1,2,3,...
2. EtERRENTITREZE v(t:t,) SRMBBET (force of lapse)
AT s B IR AR

pa(t) = h(v(t, ta)),

Hrh
v & itk <o <k
h(z) =19 ~ if ko < 2 7 (4.4)
otherwise
1 t
Tltoto) = 7 /m s Jo(s)ds. (4.5)

A Riemman sum BJETTKH v(t;t,) BIEAME,

t

U(t;ty) ~ ! Z Vou(s)ds

t —maz(t —tg4,0) e ta0)

A (4.5) FiR, o(t, to)EEER ¢ 8 ¢, HE A EBIRFSE, TE t < t.
I, FIIRREE ¢ Ho

22



3. RNER
R AT S ARIE HZ m, QFES T SRk FEE R ERE

Pt AT LS BIFE BT AR A RS

Vo =e"TE?[(G - Fr)]
s {G — FO&(I — m)12T}
So
= (L=m)" {7 TEQ [(G(1 = m) ™2 = sp)* |},
LA Black-Scholes AR KRR LAEH]

Vo = Ge "Td(—dy) — Sp(1 — m) 2T d(—dy)

Hrt
P In[So(1 —m)?T /G + (r 4+ 02/2)T
1= T
_In(So/G) + (r + In(1 —m)?T + 02/2)T
= T
dg = dl - O'\/T

4. EIGEE
BT IERRIFE I Gomperts LAY, TR + MR IRER R

il = e FT s = eqp[—0.0035 x (In1.072) " x (1.072F — 1.0727)]

4 ARERPRZEC TR, EREEEIIME, REFOgREREN
W BT AR, R IR B R EL B A 8% R A s O PR SR T 7 R R B SR
75 _E—E 5 HORBe A FIRY BB R R A B e AR RVER 22, FR ATRIRI LR
|
AL = 74 Poyi [(Le — Ni) = (Lo — Ny—1) Pagy—1] F9(t, Sy).

Hrh N, REEREC AR, IS % RREERBRRERERE, T P
BRI ERHEZR R E Gompertz A FEIEES,
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Fr AT o] UG R R R A 7], —iRIRE (Al = 1) WEME (bid price)

M—-1
Vo—{AxE ZALH }
k=0
E1H (ask price) B
M—1
Vo+{A><E Z (ALH)? }
k=0

BHEEZ (bid ask spread) 5

M-1
2A x E{>_(AL{)*}
k=0

4.2 BEEH

415K 4.6 5515 5 FHH 10 F R 15 F Ry 2R E M MR EE
MEEEE, R41FIR43H, ZRIFEZENZE v = 0.005, MFK4L4FE
4.6, ZEBEZENZH v = 0.01,

# 4.1: 58 GMMB B EREREZE (0 = 0.25,p = 0.5, = 0.005)
A E(H) Bid Ask Bz= @JZE/ATREEH)

G=100
0.01 19.2610 19.2325 19.2896 0.0285 0.15%
0.02 19.2610 19.2039 19.3181 0.0571 0.30%
0.03 19.2610 19.1754 19.3467 0.0856 0.44%
G=95
0.01 16.6693 16.6391 16.6994 0.0302 0.18%
0.02 16.6693 16.6090 16.7295 0.0603 0.36%
0.03 16.6693 16.5789 16.7597 0.0904 0.54%
G=105
0.01 22.0029 21.9186 22.0871 0.0843 0.38%
0.02 22.0029 21.8343 22.1714 0.1686 0.77%
0.03 22.0029 21.7501 22.2557 0.2528 1.15%

& 187 = Ask price - E(H)
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# 4.2: 1048 GMMB WAk {EZE (0 = 0.25,p = 0.5,7 = 0.005)

A E(H) Bid Ask  EE EE/ATREEH)
G=100

0.01 23.1982 23.0752 23.3211 0.123 0.53%

0.02 23.1982 22.9523 23.4440 0.2459 1.06%

0.03 23.1982 22.8294 23.5669 0.3688 1.59%
G=95

0.01 20.7767 20.6750 20.8783 0.1017 0.49%

0.02 20.7767 20.5733 20.9800 0.2034 0.98%

0.03 20.7767 20.4717 21.0817 0.305 1.47%
G=105

0.0l 25.7077 25.5276 25.8879 0.1801 0.70%

0.02 25.7077 25.3474 26.0681 0.3603 1.40%

0.03 25.7077 25.1672 26.2482 0.5405 2.10%

# 4.3: 158 GMMB WJEREZE (

o= 0.25,p=0.5~ = 0.005)

A E(H)  Bid Ak [EE EE/AFREEH)

G=100

0.01 23.7235 23.5032 23.9438 0.2203 0.93%

0.02 23.7235 23.2829 24.1641 0.4406 1.86%

0.03 23.7235 23.0626 24.3844 0.6609 2.79%
G=95

0.01 21.5650 21.4057 21.7242 0.1593 0.74%

0.02 21.5650 21.2465 21.8834 0.3185 1.48%

0.03 21.5650 21.0872 22.0427 0.4778 2.22%
G=105

0.01 25.9405 25.6695 26.2116 0.271 1.04%

0.02 25.9405 25.3985 26.4826 0.542 2.09%

0.03 25.9405 25.1274 26.7536 0.8131 3.13%
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# 4.4: 588 GMMB HEEBEZ (0 = 0.25,p=0.5,7 = 0.01)

A E(H) Bid Ask Bxz [EE/ATFREEH)
G=100

0.01 19.2610 19.1564 19.3657 0.1046 0.54%

0.02 19.2610 19.0517 19.4703 0.2093 1.09%

0.03 19.2610 18.9470 19.5750 0.314 1.63%
G=95

0.01 16.6693 16.5898 16.7488 0.0795 0.48%

0.02 16.6693 16.5102 16.8283 0.1591 0.95%

0.03 16.6693 16.4307 16.9078 0.2386 1.43%
G=105

0.01 22.0029 21.8774 22.1284 0.1255 0.57%

0.02 22.0029 21.7519 22.2539 0.251 1.14%

0.03 22.0029 21.6263 22.3794 0.3766 1.711%

# 4.5: 108 GMMB HEE{EZE (0 = 0.25,p = 0.5,7 = 0.01)

A B(H)  Bid Ak EE EE/ATRELH)
G=100

0.01 23.1982 22.8456 23.5507 0.3526 1.52%

0.02 23.1982 22.4930 23.9033 0.7052 3.04%

0.03 23.1982 22.1404 24.2559 1.0578 4.56%
G=95

0.01 20.7767  20.5597 20.9936  0.217 1.04%

0.02 20.7767 20.3428 21.2105 0.4339 2.09%

0.03 20.7767 20.12597 21.4275 0.65073 3.13%
G=105

0.01 25.7077  25.3947 26.0207  0.313 1.22%

0.02 25.7077 25.0817 26.3337 0.626 2.44%

0.03 25.7077 24.7688  26.6467 0.9389 3.65%

& 4.6: 1558 GMMB By EREZ: (0 = 0.25,p = 0.5,7 = 0.01)

A E(H) Bid Ask Bxz [EZ/ATFREEH)
G=100

0.01 23.7235 23.3943 24.0527 0.3292 1.39%

0.02 23.1982 23.0650 24.3820 0.1332 0.57%

0.03 23.1982 22.7358 22.7358 0.4624 1.99%
G=95

0.01 21.5650 21.2966 21.8333 0.2684 1.24%

0.02 21.5650 21.0283 22.1016 0.5367 2.49%

0.03 21.5650 20.7600 22.3699 0.805 3.73%
G=105

0.01 25.9405 25.2544 26.6266 0.6861 2.64%

0.02 25.9405 24.5683 27.3127 1.3722 5.29%

0.03 25.9405 23.8822 27.9988 2.0583 7.93%
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CHAPTER 4. Q!

%
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0.489% y
— 0.382%
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Chapter 5
T3 AT B

Bl4.18 v = 0.005. 128l A = 0.01 BEAYEBEEE. AT DABIRZLHHA
FREEEZRAR. REERRR, BELFEHRK, B42H 1058, =
0.005 BFTERAFRE A THIRI. TR LA H 5 TR A B 60 b e A2
ERE, LR EREZERA, Bl435 1558 v 2815 0.005 £ 0.01 B
H R B, RO ERERFZRIBEZERAR, HEEERERA,

FaAn e Al LG BILUT i

1. REHBER, BERA. AEREMFKE, g2 FLL/AREE S8
BORERR . B RT ERFRER A R AT RER FE A BB B B D S
AR, A APREg A B L 2B A E R BRI R I FE R o

2. BNBRBIBEEREA, 5 ERRBOEESRBIOBRE,
T 540 2 P A L 7 2 R (RS (5 SR A, RIS
BB TV B P RS R (A B0 5 G 2205,

3. ARREEENSEREEEUA. BEEERHRE LT EREHE
B AR ERFERER. KIELEREA RN R RS, FTEEE N
Y R A

4. RRRZEEZERR, RENBEEBZAK, M HIBEE &5
REEER), RILRbE A RILEAEE SRR RER. BT ERERE S
AIEEETHHIR BGR A, fRbE A R A BERIBCE S E F. A URER)
BEEEIRERR,
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5. RENEBERES, BELRATRENLAIRS, FE 44450 25
REBERVERKS, B2 AFRENLEAIREESR,

AW TR R RAERS SRR & FIER] (B, TES B IR BRI,
PRER B B 1 R B L OREERY (B DU AR P2 BIRE i 2 Y
B, R A FRAEHELEERN EAMBERE RS REREE, LHEHE
RIS B E B R FRYAROTT A RRRI R, (R PN E IR &S5
R AR E R ER . R OREE A R IE T B A & Ja\ b ey R T e
BEES A FIRYER. A e R R R T E LU R &
AIHY E\RR A= E A AR Bl

PR A AR ARG R RS BIR R R EE (ask price) &, F
1558 18 (B4 15 R AE T R TR B 28 DL LRy 5 SRS (B AR AR
A EZR, R A RIS TR ER A R PRI A2, AR
HIE 2R R ER R ERER A R EEEE R, BERE AR L% 8
ARG 7 BT ER RAEE BT E (ask price) EFIN—ELEA, Dl
EOREE N B RIEFIRITR R, EEEREE ( (ask price) B I—{ELLAIAIS LR
b EIHES BT SR A TRV REEEE A,

A X P LMELL T 128 1. ERERNTIERES BT HREAIM
RIGEURBE. AEm SCEB GMMB B EHZE, KA S GMDB Bi& &
ARSI, 11 GMAB, KEGEHER TR TR R EZE. HRAR
HIMH RS P L g B SRR B, FrDAA] sEth G B 2B A TN RIRY
it o 2. i FAIBIBIRIS R RIZER R TEHE. LIBlack - Scholes model
REEFHERRESH, HEUEHLERXT Heston model 7 Q-
measure VR BEGRFBENATEE. 3. TRESHERERA
R RimXIEF R ENREERIBR, frEMAE SRR T RS
IR G FE R E Y EE.
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