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Reverse Mortgage and Prepayment Option Valuation

JUGEL FREERC BREHHT
Chih-Hsing Hung*, Chia-Cheng Kuo**, Chin-Ming Chen***
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Ty & i @ AP 2K (reverse mortgage, RM)#| & € 5] A2 &8 B R EALIE P4 3 & Xk
ITHUZARESFEARRFLZIE AR RNESEHE " FREHRBEEARNF
B RETAEZ - Ki o SR EH LORMELE KRB EH T RATEME > LES TRMES
e — H M EFEETHERA A AAREEFEHNE  GREANFEHE L » RFE
S — 7 18 1E FEHE (prepayment option) © & BAA LS 45 R BLZH N EFH B A EHRM A A
B R B3.79% » ZEFFHE IR (LR B TRMAE 77 TR R 20 55 & 094 BB 1E » Bl RS ZRM R
J&EMZ R AT AT AL AR R A -

BISEE : AREEMERER  EHREE £
ABSTRACT

The real estate reverse mortgage (RM) system has been highly valued and widely
accepted. However, while the valuation of the loanable annuity of RM has been previously
discussed, the content of the valuations has mostly been established under the assumption of
“no occurrence of prepayment of the loan contract”. In reality, RM contracts in many countries
do not prohibit the prepayment by the borrower, which thus implies that the lenders of the
RM contract present a free prepayment option to borrowers. Therefore, in this study, variables
such as the interest rate, housing price, and the force of mortality have comprehensively been
taken into account to assess the prepayment option. The numerical simulation results show that
the value of this prepayment option accounts for 3.79 percent of the total RM amount, which
reflects the value of the rights and interests of the RM borrower’s flexibility in dealing with
the property, in addition to the risk cost of early termination of the contract, which may be of
concern to RM lenders.
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TEFFZ R - AL AN OZALP AT A RS LR o FFRFNNEE E S5 &
KA R BRI K » DIRREUR RS R B e - R — B EEENE - B - Bl
B W A R EE R (reverse mortgage, RM)AYIEM] » G BhBEHE B ENERES » K EEBLHIEHE
W% - CROREF LR EE R E i1 -

RM IR S AGE - (HELIERY 3 R R] 0 5 19894 2B B BLAR T #8 JE5 (Department of
Housing and Urban Development)#f i1 55 = & 2 2 £ 35 125 (Home Equity Converse Mortgage,
HECM) ° (&It » FBF]35(Fannie Mae) B2 (F ERA & W &3 (Home Keeper Reverse
Mortgage, HKRM) ~ Z4FE A5 H FHE& 422 F](Financial Freedom Senior Funding Corporation)Hy
HA%5 EH 1312 (Financial Freedom Plan, FEP)JRZERIE: © 1% » 2B NEER RIS
BIEERY RM S5 - §7#BUELE RM AUZER 22580, » G L2 BN EHa I BUR R FE (SRS
FR#E - BURGTRHEORER) - Ao R REMMEREM - siE e 2 DIERamflhEY - &5
HILVEFRHBY » 534F » RMEFEEERYEEUTX » Bl 5 lump sum -~ line of credit ~ fixed term
annuity ~ tenure annuity * B combination of a line of credit and annuity ZF7URE o

FBEA20134:3 H 7 ekt AR meFE0 8 - A6 = T R T T R Eh i I S
RIS AR, - AR E20174E12H31HIE - B— T AR | REhE A A E 3%
B A BEZ 100 A 5 ZAETTBUF L& R G820 14412 H#E 2201557 H#UE 7> WakS
BB T DUERE BEIE ) - MERERRKEXEESSH - A1 ILF R - Al
(R AR 222 7 5 Fe PR < R A s S IR AR ECR, » B T sl ) Rl T K
RAanRIFE20155F 11 H IS TR RG SR TR HEH - 2% - 28 LHERITAN - S EE /)
RSEERTT ~ B —RASEERAT ~ HERIRGSEERT ~ EERIT - SRS T - PEIEEERGSERIT ~ BT
BIRE R SEERAT ~ R RGSERRE IR T RORE BIE ra S R T S S SR T th P HE A B A 0 m 4K
PHE K BEE20179H K » BIASLET 11 50R1T P& R < R S AU A B 8 [r i S sk LG
2.0071F > MERZEEREERI108{EIC -

RM HfESR AR R ¥ 5 AR A L Ry A< QRN » DARSUR 40 A 0 B AW AR = AR » HiA%
EZ A ESHS BEGREBR S IR - B SUBR B S BTHEHRE RM L] & & B
B HEHER 3 ZUE T am P A PR IR - RS T EIE S I SR LR EFERE
J7 R B P A A WS EE (A © Tse, 1995%) o HZ B E R RAY EE KR ANEIEFE ~ F
{EESEITSR - Boehm & Ehrhardt(1994) £ 8 55 (E BB EEE > ARFECox et al (1985)F2 HIAUFIR
R (AT Tl CIRAR ) SR BB H R AR - B [HARSEREE T HIE C3RKEHE RM - HHIIR
Boehm & Ehrhardt(1994) ~ Szymanoski(1994) A FE W EIN & - DL AAE BAEH)(geometric
brownian motion, GBM)I ¢ 75 fEFEM TR - 2RETHE ARG RFIIX T (principal limit factor, PLF) »
k2 Al B ER B B A (HE L LUl - B TeRE R BN - RIS SR B S )7 - # =3 PLF &
A ATESEEMAE - Ma & Deng(2006)HIlfiae 5 E 2 F SRR - HILEHE RM B30 &3
& MMRBLE B EBUR R LA ERERYORE - SHESSERE B - Hp - (5
REFERTVINR)FE - SCEFEERUA (N » Ma et al.(2007)HIEIREINA B LA SR 1 875 &
AL GBM A #5E 5 (B8 H) - 55LA Vasicek SEFERMLFZRAGEE) - DISE-REEEE T RM
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PR A BB - FR RS SRR A SR B P (B A R b A 12 52 % © Huang et al.(2011) ARG
HFR - I JIFEESRTE - FHLee & Carter(1992)BFUAEEIIEIC3R » HETISRAHE RM F-4 -
Lee et al. 2012)[FAIfFLEEFHE ~ FREGEUTREMLHEE RM [ERREPARE - ¥ EER BRI
ghnlpe - H B EERSERERER I AR Gump diffusion) SRR EE

Raihresgat - HER RM WERKFEIER - KRR G2 - RIRIAREME ~ B
{EPREL FLAE X A SZan A8 S - IR S B T BENE - THEZH RM X G HH
&R B ZE M (non-recourse) (51 1) » — HAESK A RETHEI B G EEEBE R B EMEHE -
RIRE TP B RG4R - Rl - B4 BGRBEEE 2R A » SEEHERE RN & RS =2+ IR
B RORFEE G S 5 B » HRERES PR E: B E (present value of mortgage insurance
premium, PVMIP)ZE A5 5 THHHE 7 {H (present value of expected loss, PVEL)AYJFR HIZRFEE »

AR FEIER) RM FHERA R ELE T SRR A2 RIE 1 ) HUBGae N THEE
Mfs s 2R - KEBT RM BZHNIRER RS VT HeRiiE E - BEE TS A1R ~ B EEEEFRIRN
B E IR R IR R R B G S R R Y - (507 BT RE B R (PR AT
H) o LH » S FERIER(E{E (remaining value) GE2)VEIEEREMER AL RM 224 » & 5745 THIY]
PR EE SR A - FEEREE AT RE e - G EREEE L EIE -
It — 5 fEEFEAE (prepayment option) B {ELRF SRS J7 58 MR iR PR Po AE AU RERS (B 1 - AT - ™y
BHETHEE RM i B3R L ry R B -

FHMERERI SRR Z0E T RM BRI A S AIE (B AR » AU EEERRBIESE
A SCRRELRE | » E—2D 3 RM NIRIEECEIERENYE(E - DURAH A SCRAYBR I - ARS8
MRS © 58 HIERA] RM 228 NS EEERERHER Z ¢ 58 = AR AT R HER =N~
AT EE ~ FIEREIE )2 R B AR  SEDUENERBACLGE RM HIEE Rl N AYSBUE B 5
PrsR + B fohiim Bl -

= RMF AP R

ARG RM EZRE HAE B FRG AKYES - THIERPE(E ~ FU=RFI5E 730 B <5 o e (K]
3 AR SRS EERREEE - RMLIGERETS RM IR GES) RO TREE -

B TAMMBRER KA E HI () Ll Ry x, » —RASEFEE o Bk > QA A IR
TR H H ) EIE ARy

A= A (L4 [E21X1%) 2 = 1 (@00) X 12 ettt )

(HHHZ Ay & RM BIRFEE > A, R j @ =1, + Jl—_zl D1, AR ’1—'21 GRS vl
[ 1 RIREHTRFR - 58 RM EHHERA R I B EEE - (SRS RS-
& (—FSHEAKIELER—) - REE— -SSR 1% -

HE  SHEFHRERE R FEHFEIN I E SR (o E—EEF]
(= 0.042%)FHE o RBILFIRIE > RM 5 j HIHARE AT 232 & AR (outstanding
balance, BALj)H%j.—?g :
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X— EHiEHBRMYEEFEMTEEEH B47 2 Je/H
o R
T@(ééf%’?}ﬁﬁ 6515 705% 755%

5 ‘8 5 L°8 5 L°8
300 8,200 7,100 10,300 9,000 13,400 11,700
500 13,800 11,900 17,300 15000 22,500 19,600
700 19,300 16800 24300 21,100 31,600  27.600
1,000 27700 24000 34800 30300 45300 39,500
1200 33200 28,800 41800 36300 54400  47.400

B E2 RMERFHIEEA T R4 - ik - BEEN1% -

BAL,= 3] A, exp(f ly[r(t)+ ) N T DR (2 S b 2)

(e BRI o0 AT - BRIERY RM (B SRR EE S P EEER - e RnEDITR
AfEE - K AEEEK - #5.  EEERAEEI T - RM ﬁ’é%“] R BRI EE
(V)RR E B EW) B R E{EC)IRAE

Vi=max{W,, Ci} ..o 3)

FRAEEEE - METEMREERFCE N H > N = (0 - x) x 12)F8FIRZE(Cy =0) » RS
(BRI R - AERTHERCGE j 1 - j =N - 1, .., 2, 1) QEZ R CRRZE
HIETHEREE - MR ECT — I ITHﬂTﬁéﬁ‘F*ﬁE*ﬂﬁﬁﬁ%ﬁfﬁW%?’é(1F§ 2 FH <
%MH#%TEiL){T@J}XE*ﬂ?ﬁﬁ‘”dp@)) SN MUEA T —BACGE j+ 130 e FfE TR - —
FEU SRR » SR P TTRE A T —SAIMAE(V,,) © FLUM RO AT e (5) 2t

peres

=

j+1
~ i-1y . . . o
C j+1 + H(tO + 11—2) L +1/12F:r+j/12 ‘/j+l exp( _f[0+%2 r(t)dt)

= 1y ees (@ = X0) X 12 = 1 oo es e eeeenn )

G)RH > 1), Py, R X + PR o MRIE Lod B R - 3
BIATAS A A HE R RM % ‘f’]ﬁJﬁT HE A C HHWIREME(E(V,) - tHE L - 35 RM 2ZHIA S
PERGEE - SEEEEEERZEW, =0 j=0,1, .., (0 - x) x 12) > Jl RM SHE2HEEE
MENREEEEEV, =Cjj=1, .., (0 -x) x 12) » T TmﬁﬁiﬁTﬁfE?ﬁﬂ?ﬁ%$E%
fE#EZ RM BHVIREMEIE (V) » BEEEAETR(V, — Vo) RIS IR 3 SRR 2 b5 2 fE1

B EREECHE - RIEEACEERER M - FHE L5 *1@%(@73(2??@# Eﬁﬂiﬁk
% F — AR E(Binomial Tree) 3 R 7 477% (Finite Difference Method) s i b 26 SRS
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ZrEtEATEARIRTRE - SR AR A S RN ) ) 2 & 7 5% R\ (R SR RE B e o 5 5
T B EEEAE B L (curse of dimensionality)IRE - tHEE @ S-REER L (Monte Carlo
Simulation) £ fE P 26 & FE 5026 JA\ K32 2 Fatsomis LSRR S - (HHAVEEE AN SRR
#F{E - Longstaff & Schwartz(2001) i/ NEJ774(Ordinary Least Square, OLS)> K e EEREH
HIFFAEE @ 5k 7 Monte-CarlolA (R H E A EME L EE RIgaTEMnIE - GHENA
W E TR IR R IR ~ Bt 12 FEamts - At DAERFTER FH Longstaff & Schwartz(2001)
Frfery i/ N SR A (Least Square Monte Carlo Simulation, LSMC)ZRE M ERMIF {E 3
ERE(EIE -

= RMJAK B T 7

HECHE T R R (L + S BB R 795 © B~ FUSRERSE oK
PRI » BB = D T B BB L - e R LRSS P R AL - L
T+ S = R T -

(—) BEEE

SCRRRETR P (B B RE A B NC A AU v] 53 Ry R REAY » 53 1] he B ey T RS 28 B e Py i A A
SEAERF BRI (E SRR E BB ARTE 2eml 7 PHSEEN (A1 ¢ Kau et al., 1992; 1995; Kau et al.,
1993; Szymanoski, 1994; Chinloy & Megbolubge, 1994; Kau & Keenan, 1995; 1999; Hilliard &
Reis, 1998; Yang et al., 1998; Bardhan et al., 2006; Ma et al., 2007; Wang et al., 2007; Huang et al.,
2011) » #R1fii * Mizrach(2008) ~ Schloemer et al.(2006)EZChen et al.(2010b) B #&45 H A E E G Pk
HIIRRE » 35 AR5 SRR R B ERERAYFHE o ¥tk » Chen et al.(2010b)EELee et al.(2012)fH &
HEAESEE & S B RN E 5 Bk - BT PR Gerber & Shiu(1994)%8 [ Esscher
transform J77EESTHIEE A - £ HIEEBiihmann et al.(1996)#% F M conditional Esscher transform
T T R o BERORF R A - (R B SURE B E AR P S IR IRRE (AN © Case &
Shiller, 1989; Hosios & Pesando, 1991; Ito & Hirono, 1993; Institute of Actuaries, 2005)EH B> {+
EHI G40 © Nothaft et al., 1995; Chinloy et al., 1997; Chen et al., 2010a; Li et al., 201055) - ¥} |-
TRFREEE #5553 » Chen et al.(2010a)EilLee et al.(2012)F% HHARMA-GARCH AU # F{E S RE -
I Li et al.(2010)H[#8H ARMA-EGARCH Jic i 5 S8 RE - b =% U ER Esscher transform [y
FERH 35 T L -

BN BERIBRE » ARFFEEH%Chen et al.(2010a)BiLee et al.(2012)A9 /5=, * L ARMA (m.n)—
GARCH(p.q) (GE4)BC# B EIVEIREI TRy - HEIME » 76(Q, F. P, (F) ) HIIEHEMRZZRGES)
T BB ER (R B BORR) 2 R HEAEA r DIBR=CA T

H()

RO = I0( G705 ) = (0% €, (0 5)

Hebo () =c+ ), aRC-iA) + D Beq = A RHETE F, o Bl RIS S e,
(OVRHESE Foo BN R h(t) = v + 2L 04t — iN) + S, o0, (1 — i) PRAFSE SR UNTHT 8 AR
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(innovation process) ° %f[It » B]#RE Biihlmann et al.(1996)fEH "conditional Esscher transform:Z
SFHEPREHIE L o R R a0 Wb LI O TFRVENRERER ¢

_ (t) o 1 Q
R() =In(—= A —AD ) =F(H M 5 RE) A €7 (1) et (6)
Hrp o 7 R E AR 8RR - H BRSEERF /NI  —4 » {/iChen et al.(2010a)8

Li et al2010)HI{Fik » HEMHGURARFIRRABIREHEE Ty

H(r)
H(t-Ar)

R(t) = In( ) = [7(1) — g(O)] A — %h(t) T G Y 7

Hrf g(n B BRIGTHEIRREE -

(Z) FIRIEE
TEIRIIG 3 e 55 (E B RE AV FHE SRR - B FISRIIRT S0 e B0 T =81 - BUEEER]
SR S AR SRHARR A5 A (A © Chen et al., 2010a) ; BCEFZRARTE Vasicek 2 (4l : Ma et al.,
2007) ; REHZRIRIECIREFE (AN : Boehm & Ehrhardt, 1994; Lee et al., 2012) ° %iﬁ%ﬁé%lj“fébﬁ“
FEAEANGHEEBS » A AR AR, » AR ERCIREIE A EFRERE - 2
e s ¢
di () = M0, =F(O)dt + 0 [F()AW, (1)

Hrp s 0, BAREIEE - g, BEEEREE - o, BRI - W) % AG BHE
By o AR E IR A - a] DAHES RS a7 HIEE O TRAVFISRERERLRY
i) = (10 =0 O+ O AW ) e ©)

Hift o % =m0, 6° =1, 4@, WL =dW,()+ (@) /0 )dt g BRIBTHSY, - D)
e SRR €2(1) 1 Jh(r) B EBIRE R WO (1) /Nt ZAHRHMRECR oy o BRI BI(R AT RS
FEBNRERIRAE - (8)=UAT B EREES O Ry -

F(t+ ) =7 (1) = (N2 = 02 5(D)AL + O JFE) AW L) oo (10)

(=) FEHIEE

B SE ST FER g R B 3 - KREATERH Fy Time Series Approach (4[1 : Lee & Carter,
1992; Cairns et al., 2006) ~ Reduction Factor Approach (4[] : Milevsky & Promislow, 2001; Ballotta
& Haberman, 2006)EdAffine Approach (41 : Dahl, 2004)3% —%H - FHALee-Carterf FU7E B FEH]
HE @ E (Lee & Miller, 2001) * AR FRLee-Carterf U SRBC L JT384E ©

Lee & Carter(1992)F& H—1lE 7] LU #& 0SB -3 (Central Mortality Rates) m. (t)AER 512
=, :



-
&
5
B
iy
2
5
H
m
s
T
H4
=
9,1
W

IN7(8) = Ay ADK(E) A (1) ettt ettt eaae e (11)
Hr s a, By x FEEHZ BT SREIEUE (In m (1) W8 35 PIE DU A S B s -

IRRIAERRAN IR Ry n 39 > H a, = %21 In(m, ) =In([ ", (m., D) s kOFT ¢ S
GELUESRE) - BH L HiEE L ARIMA(0,1,0) 1 TALHE (Lee et al., 2012) 3 b, HILE x F#RAHAH
ISR B LR L (B BSI SR 5 e P x SRHRHIALE ¢ FFFIBERER 200 - HLDI Py
FEFIRL 5 (Lee, 2000)

Lee-Carterti R —fii fEE R 1 G Bt IS8 L SRAEHE E Al BLIRF ] A R 2 e R - H
AR R AE AR RN - INRTIEGEE Ry —4F o JRRD - AGE IR ERD 1 S ERFERA
LA e, (TBESEx Bl P R BB ) - FUME R Z FPORSE SR AE Al — R AN BB B 2 (1 +
V) = my(ty), s,v € [0,1)) > ANIEFEERIEFERRRZ FRIETHR (m sty + v) # mu(ty), v = 1) ° H
G+ o BRI ATFIEE] X + y BRHIBEERps, ) AN(12)2

n-1 n-1
Pri= XDl 4 Y) = XD(= Y eXP(dy 4Dy Ky + YD) o (12)

TEMmBAT AT IS EHE P-measure (HEHFHIED T |y, BI53-HiAEL(Distribution Function)Fy
F(x) =Pr( ,prs, <Xx) °

75 Wang(2000) A fie Hi I s - AT wT LUK | py,, BST RN EEHR Ry O-measure
NiiRKEL

FIX) = DD (F (X)) e ee e s es e ees e eseereas (13)

Horpo ¢ #E A B Y T 5 {E % (Market Price of Risk) 3 ® () i ¥EH B KB 5 Fi()
Q-measure (JEFE 7 AR FRYMREL - ARSI S - AR Denuit et al.(2007)MI7EIE » 3K
T D BB TRV EC o EHR N F RS 7 SN ARRA -

P2 = [ A= oM = [ (1= @@ (F, ()4 TV e (14)

o BAER

KREIAEEEE RM FIEE RG] - $7E5 8 5EE - IR 2Btk - 3765 RM HIEE
TRTRE A BRI - BT R FER R 2 e /720 - HREBI =R
Al N RS TSR -

(—) 2EhET

BN EENEREERE  5EF RN KEEEEREEFEIES(Sinyi Housing Price
Index)Hi B %% 53 ZE $5 #((Cathay Real Estate Price Index) * AN SCERE R ERHHIKENEEF
EIBEE R 518 S EE B B GEo) - AN - BREMESRESRES - BT aEYERE
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AR RIS EITIE « MRS A EUSEEHEAMLE) /50 B =~ (—) i
ARMA-GARCH AV B ERIRE T2 BN ET - AR AIC JEHIHETT B s AU Y 2 HY -
BAXERTT ARMA(5,0)-GARCH (1,1) ARS8 » HALGHRTRAIZR R -

BAAFIERIE R ER - B LIGE 1 o HEE B A R0 A S G SRR R B s -
BRI AR MEFHEMLE)E = ~ (D)ETFTEERY CIR BEAUARSRAE ST 2T - HAph
AHERAIF =FTR o

REHASE 17 BN Human Mortality Database (HMD) (G17)FRAE 8 4 dy 2858 - FoM5EER
Lee & Carter(1992)f1Fi% » DIATEMESHE(S VD) IBIUTIEMF HLOSE TR - B
BT R BRI A TSR AM o HLA%ER A Denuit et al.(2007)f9 7 12361 T B BBS T T B fER& (1) ©
B DL Wang(2000)H 5 U E fEBRAGHIEE M TR » HALEHERES RS2 - GES)

(Z) BB R

e/ NELAZR—H 58 RM T2 R B (HEET 30 TG = 210 3 Sl 5 AEERGE
BUEM) - HEEE - FIERESE N b - S EE G R R & riE R R L E T
LSMC 2 -RFEREEI AT o A SRR LUERI(1/124F) fy—IRFRE 0 BIETES - HeAR4510,000K -
—HLRERAS - SRS HI RS S B IR RS L e o KRS Z R E S
E RS AR - Horh - WS EEE SRR B AR AR FHE)R) - mEEEE
SSERS T — S S SR EEAHZE (520 « ATLL > SRR HEZ BRI - R
JARIER ~ PR {EBLoe I ssq -

R E—Ei2BAEET - TRV BEERHE RM SLRIIA 15 (EGE R B A B ERE < J014)
MEEZEEE - L HER LS (SR RS S [ - HEFERERARIYFTR - phoh - 3% 70 Bl
—LIE 2 e i A E R G SRR (E / A B MG ERE) -

K- PBERKREMGEER

Para Coef Std. Error t-value Pr> | t])
c 1.34E-02 3.32E-03 4,016 5.92E-Q5%**
a, 2.88E-01 1.54E-01 1.872 0.06124
a, -5.02E-02 1.69E-01 -0.297 0.76682
a, -2.21E-01 1.61E-01 -1.373 0.16973
a, 3.43E-01 1.40E-01 2.448 0.01438%*
as 3.62E-02 4.59E-02 0.789 0.42991
Y 2.65E-04 1.72E-04 1.537 0.12434
0, 3.64E-01 1.38E-01 2.633 0.00846%**
x, 1.00E-08 5.45E-01 0 1

R= FRRBEEHER

z2 B i &
n? 0.07253
02 0.01421

O; 0.039152
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RO BERMZEEEZEEE

o FRE R
TE}JZ%?‘{WE 6555 705% 755%
5B ‘8 5 L°8 5B ‘8
300 134631 149,593 85421 129033 64572 76,491
500 227952 251551 154588 215055 112460 130,760
700 323766 360,635 240364 306319 170,136 191,530
1,000 474216 522377 344226 457469 267322 278,658
1200 505239 647,120 413466 566,636 321023 380,136
KA HBERMZEEZEZHEBETAL
$$ﬂ@+ﬁ{gﬁﬁ 6555% Eﬁﬁif%%” 755%
(A0 5 4 5 i 5 i
300 45% 5.0% 2.8% 43% 22% 25%
500 4.6% 5.0% 3.1% 43% 22% 2.6%
700 4.6% 52% 3.4% 4.4% 2.4% 27%
1,000 47% 52% 3.4% 4.6% 27% 2.8%
1200 5.0% 5.4% 3.4% 47% 27% 32%

6.00%

5.00%

4.00%

3.00%

12,000,000

2.00% 10,000,000

7,000,000

1.00% 5000 000

3,000,000
0.00%

65 70 75

& — [=] /E',RMZII%{'W' E*EE{EE%H:
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FH 7S 2R VU 8 B2 (9375 1S3 152 M R (EL R O R@ S BB » AR AN RIS Y i E R B o AT - 3
I - ARSGHE— Jﬁﬁa‘i’%@Eﬁfﬁiﬁiﬁﬁ@ﬁﬁﬁﬁtbﬁﬁiiiﬁ ROTREEATHEEREME T L
TEFE R E EEEREE ERR DA B (L EHE - B HRERSER RM SRR S HE E R E
{ELLEER - REHHfE—AY RO EEE%‘EE’J’%%%@‘(M% SR RERE AV E AR - HRZE AT DA
o A EHZE G EBUE NS R E AN B A AR B - MR ERSEE A B i ER
{EZ 2 HAIRIE I RES, - B — DI - B (SR (B (A = RS e P ] B
Ee R A © 2 FEe e T o ZCMEEERRS R R E E L R R S MR 5 st R
EFI‘% RM JiZ& (e %) - MR B E A - & %*%ﬁ%f’”‘ﬁ%ﬁiﬁ?ﬁﬂ

SRR E AR TEL] » BARMERZRAIRIN - rTRER G RM T2 iy PR 4F &

ASSTERIAE & B A E B EE RS F A F MEHREEEREN T - F%?JE’\E@A
J 2R A - AIER TRIZEIRINSN - JR25E T R EENRER R B B OE SN SR 2528 - %
AIME - EEEEENEERS - T RM ST =G &2 BRI ER] 2 — -

B~ i

FERAMH AR T - 5B RM FYEBEAIZREIRE BT REfE 7 E AR Bk -

BEERE RM & 7 —ENS R AR EE - R0 - B0 RM RHEBRYR SO A 5 220t
—FE BN EE - ORI EELNL T RM (855 MR B fe e AR (B E - [RIRF 2
RM B FE R < BHIBHR AT 1L BB REA - ZRSEZEERIRFEBAG 6 RM IS 7L RM
FIEREE(E » 53— mEAEDEE RM A ETT SRS T RM AU E(E -

Tyt SURR_ LAY —BRET - ASCHESERT SORAVERE L - 18— s &% &A= - FHHEH
SETTFBREEFE IS E R AR - ICBUE B R R B R I R (B (5B HE RM
ARV EESRKIT3.79% » BLARGRIEE TS B RM FFHE LAY ST w] 2t - it
Oh - BB R EREEEN L RN M B iR - H BRI E SRR — 0T -



ANEh S AT B S (R R 57

1
2
3

4 :

5
6 :

7
8

E3 -
BRI B E B ER - BT EGEIS B EEE -
ERAIETIR » R AR 3 M = R EHEEREH (Outstanding Balance) RS
TS RM SE55 . Bt H YR B SR B B2 » BRI E Fim 65 3% H R E R A
H o AT AR T A HWIEEUEE - AR B R - B - 2RRITTR L
M EEREFETITE © AREAIRE - BIUETTHE RM AN AL EE
PR - R E BRI AT RERE S - R L FREWE RM & 0F
FEMUIR DA E B A G 1 - DUNEI B ER TR - 51809 RM Hil R BB RM
HEEH T B RIAE R IR R E B AR AR A - EI RN B SR A (R R
FEME(ERYFERE - JRE IS (B E R EEREE - RN EEER RM 224l SRk 2%
RM B+ AL E R B 23R R & -
Hrp e m Ry HPAHBATEAIFE R ~ n BB EIV-EIEREEL  p % GARCH HHIIREE ~ q Ky
ARCH HITFEH -
(F)o SEAHERE ARIEMNE - (E15F, CFor<s
R G R EEIEBETRRIRER - R RM B TRIVHBFHEETEI LU
RL > ASCERFRIE R R AR B R H S80S -
http://www.mortality.org/
Lee-Cartert R 12 BIF - EEEA R #k#EH11Y demography Ei lifecontingencies F¥
e -

| l l
P2 g



58 [FEEEER

Ballotta, L. & S. Haberman
2006 “The Fair Valuation Problem of Guaranteed Annuity Options: the Stochastic Mortality
Environment Case,” Insurance: Mathematics and Economics. 38(1): 195-214.
Bardhan, A., R. KarapandZa & B. UroSevic¢
2006 “Valuing Mortgage Insurance Contracts in Emerging Market Economics,” The Journal
of Real Estate Finance and Economics, 32(1): 9-20.
Boehm, T. P. & M. C. Ehrhardt
1994 “Reverse Mortgages an Interest Rate Risk,” Journal of the American Real Estate and
Urban Economics Association. 22(2): 387-408.
Biihlmann, H., F. Delbaen, P. Embrechts & A. N. Shiryaev
1996 “No-arbitrage, Change of Measure and Conditional Esscher Transforms,” CWI
Quarterly.9(4): 291-317.
Cairns, A.J. G.,D. Blake & K. Dowd
2006 “Pricing Death: Frameworks for the Valuation and Securitization of Mortality Risk,”
ASTIN Bulletin: The Journal of the IAA. 36(1): 79-120.
Case, K. E. & R.J. Shiller
1989 “The Efficiency of the Market for Single-Family Homes,” The American Economic
Review. 79(1): 125-137.
Chen, H.,S. H. Cox & S. S. Wang
2010a “Is the Home Equity Conversion Mortgage in the United States Sustainable? Evidence
from Pricing Mortgage Insurance Premiums and Non-Recourse Provisions Using the
Conditional Esscher Transform,” Insurance: Mathematics and Economics. 46(2): 371-
384.
Chen, M. C,,C. C. Chang, S. K. Lin & S. D. Shyu
2010b “Estimation of Housing Price Jump Risks and Their Impact on the Valuation of
Mortgage Insurance Contacts,” The Journal of Risk and Insurance. 77(2): 399-422.
Chinloy, P., M. Cho & I. F. Megbolugbe
1997 “Appraisals, Transaction Incentives, and Smoothing,” The Journal of Real Estate
Finance and Economics. 14(1-2): 89-112.
Chinloy, P. & 1. F. Megbolugbe
1994 “Reverse Mortgages: Contracting and Crossover Risk,” Journal of the American Real
Estate and Urban Economics Association. 22(2): 367-386.
Cox,J.C.,J. E. Ingersoll & S. A. Ross
1985 “A Theory of the Term Structure of Interest Rate,” Econometrica. 53(2): 385-408.
Dahl, M.
2004 “Stochastic Mortality in Life Insurance: Market Reserves and Mortality-Linked

Insurance Contracts,” Insurance: Mathematics and Economics. 35(1): 113-136.



i

AN AT B B (EE R 59

y

Denuit, M., P. Devolder & A. C. Goderniaux
2007 “Securitization of Longevity Risk: Pricing Survivor Bonds with Wang Transform in the
Lee-Carter Framework,” The Journal of Risk and Insurance. 74(1): 87-113.
Gerber, H. U. & E. S. W. Shiu
1994 “Option Pricing by Esscher Transforms,” Transactions of the Society of Actuaries. 46:
99-191.
Hilliard, J. E. & J. Reis
1998 “Valuation of Commodity Futures and Options under Stochastic Convenience Yields,
Interest Rates, and Jump Diffusions in the Spot,” The Journal of Financial and
Quantitative Analysis. 33(1): 61-86.
Hosios, A.J. & J. E. Pesando
1991 “Measuring Prices in Resale Housing Markets in Canada: Evidence and Implications,”
Journal of Housing Economics. 1(4): 303-317.
Huang, H. C.,C. W. Wang & Y. C. Miao
2011 “Securitization of Crossover Risk in Reverse Mortgages,” The Geneva Papers on Risk
and Insurance-Issues and Practice. 36(4): 622-647.
Institute of Actuaries
2005 “Equity Release Report 2005, Equity Release Working Party, The Actuarial Profession’
Volume 2: Technical Supplement Pricing Considerations,” (http://www.actuaries.org.
uk/).
Ito, T. & K. N. Hirono
1993 “Efficiency of the Tokyo Housing Market,” NBER Working Papers No. 4382, National
Bureau of Economic Research.
Kau,J.B. & D. C. Keenan
1995 “An Overview of the Option-Theoretic Pricing of Mortgages,” Journal of Housing
Research. 6(2): 217-244.
1999 “Catastrophic Default and Credit Risk for Lending Institutions,” Journal of Finance
Services Research. 15(2): 87-102.
Kau, J.B.,D. C. Keenan & W. J. Muller III
1993 “An Option-Based Pricing Model of Private Mortgage Insurance,” The Journal of Risk
and Insurance. 60(2): 288-299.
Kau,J.B.,D. C. Keenan, W. J. Muller III & J. Epperson
1992  “A Generalized Valuation Model for Fixed-Rate Residential Mortgages,” Journal of
Money, Credit and Banking. 24(3): 279-299.
1995 “The Valuation at Origination of Fixed-Rate Mortgages with Default and Prepayment,”
The Journal of Real Estate Finance and Economics. 11(1): 5-36.
Lee,R.D.
2000 “The Lee-Carter Method for Forecasting Mortality, with Various Extensions and
Applications,” North American Actuarial Journal. 4(1): 80-93.



60 [FEEH

Lee,R.D. & L. R. Carter
1992 “Modeling and Forecasting US Mortality,” Journal of the American Statistical
Association. 87(419): 659-675.
Lee,R.D. & T. Miller
2001 “Evaluating the Performance of the Lee-Carter Method for Forecasting Mortality,”
Demography. 38(4): 537-549.
Lee, Y. T.,C. W. Wang & H. C. Huang
2012 “On the Valuation of Reverse Mortgages with Regular Tenure Payments,” Insurance:
Mathematics and Economics. 51(2): 430-441.
Li,J.S.H.,M.R. Hardy & K. S. Tan
2010 “On Pricing and Hedging the No-Negative-Equity Guarantee in Equity Release
Mechanisms,” The Journal of Risk and Insurance. 77(2): 499-522.
Longstaff, F. A. & E. S. Schwartz
2001 “Valuing American Options by Simulation: A Simple Least-Squares Approach,” The
Review of Financial Studies. 14(1): 113-147.
Ma, S.R. & Y. H. Deng
2006 Insurance Premium Structure of Reverse Mortgage Loans in Korea, Working Paper,
Daegu University.
Ma, S.,G. Kim & K. Lew
2007 “Estimating Reverse Mortgage Insurer’s Risk Using Stochastic Models,” the Asia-
Pacific Risk and Insurance Association 2007 Annual Meeting.
Milevsky, M. A. & S. D. Promislow
2001 “Mortality Derivatives and the Option to Annuitise,” Insurance: Mathematics and
Economics. 29(3): 299-318.
Mizrach, B.
2008 Jump and Co-Jump Risk in Subprime Home Equity Derivatives, Working Paper,
Department of Economics, Rutgers University.
Nothaft, F. E., A. H. Gao & G. H. K. Wang
1995 “The Stochastic Behavior of the Freddie Mac/Fannie Mae Conventional Mortgage
Home Price Index,” American Real Estate and Urban Economics Association Annual
Meeting, San Francisco.
Schloemer, E., W. Li, K. Ernst & K. Keest
2006 Losing Ground: Foreclosures in the Subprime Market and Their Cost to Homeowners.
Durham, NC: Center for Responsible Lending.
Szymanoski, E. J.
1994 “Risk and the Home Equity Conversion Mortgage,” Journal of American Real Estate
and Urban Economics Association. 22(2): 347-366.



i

AN HAT S S SRR HE . 61

y

Tse, Y. K.
1995 “Modelling Reverse Mortgages,” Asia Pacific Journal of Management. 12(2): 79-95.
Wang, L., E. A. Valdez & J. Piggott
2007 “Securitization of Longevity Risk in Reverse Mortgages,” SSRN Working Paper,
University of New South Wales.
Wang, S. S.
2000 “A Class of Distortion Operators for Pricing Financial and Insurance Risks,” The
Journal of Risk and Insurance. 67(1): 15-36.
Yang, T. T., H. 1. Buist & I. F. Megbolugbe
1998 “An Analysis of Ex-Ante Probabilities of Mortgage Prepayment and Default,” Real
Estate Economics. 26(4): 651-676.



