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AXHARENZEEMMR G ERIFERXRZEREHE > U ARFREREBEE T H 2
T o 094 M - R AR TR A B ELRR SR 4 R o #E % Bl HECM (Home Equity Conversion
Mortgage) £ T > MM FEHWEEFE AT E 2  Heks FERGERE &
HBET AR ARE (RRRA) ~ REIE CBN) URETEREREAETES
B #R 4~ - 36 EL M BAETE B BB 18 - DAIR AR & Bl AR 24T 52 78 o W 28 A Ak A7 S A BR R o
TRABEWCREZEERR G EIRITF ERERRAT TR - AAERFET —EL
BHAN TR EEFERBER I E TR R WA ELRATR AR 7 — W -
MEHERAEFRERME ERIFERE > BCAIRA N EREME -

[BESEF ] R EIKIF AR~ BIEHTIE
Abstract

This study analyzes the structure of reverse mortgages. For the purpose of achieving profits
and effectively managing risks, it is important that financial institutions understand the
structures of their products. In accordance with the HECM (Home Equity Conversion
Mortgage) program, this study decomposes the collateralized property value into six
components, including loan amount, rental income, remaining value (on loan termination),
reverse mortgage insurance costs and expenses (premiums), and lender profits. This allows
financial institutions to understand the profitability and risks associated with the issue of
reverse mortgages. Previous studies on reverse mortgages focused on the analysis of reverse
mortgage insurances. This study has instead provided a process that enables lenders to
specifically evaluate profit and effectively recognize potential risks. Borrowers can also use
the proposed approach to obtain detailed conversion value of their property and thus make
more informed decisions regarding entry into reverse mortgages.
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R Az (Longevity Risk) AJ ARG 2 E A B a8l b i Bl i B 2R - B AP
PgRan AL R DU D FALRI#ES - B S BTERI A TT I AR R 5 1 A AT DR HE R R
RSB - R R B i DL N RS RS 2508t - (AT Fe i ife e M - DAERBI R 1
it F IR EGRIREETE - BI85 TOREE DU A1 AN BGRIRHRINHIE % - AR HER
e R A HER MR S o T A IS RERIEAL - thBURTEARZR » BURFRE i DURG Wi
REREFATEL B IREAIRE -

BRI - FREEUN TR & E < A 5 R I &30 (Reverse Mortgages) * 7£ " DA
FEE , ST  BEEENTRELE OB ERIAERAL - D HEE
HIAETEARRR © TEmi e BRI B G REHZ I FEREN T - HERITERHIE
RFE RS RE 2 2 BAH R E b - 0 B AE iR e A - A B RIRI SR EB A K
TR RIS -

AWFERIEHRY - FE AT S A B R IR E R rE i - DU B E &R B Rl
1 T faLra bR I - B B I A R o S h B R IR E R AR IER 1 - B
Hr G B 2R 6K (Nonrecourse Clause) f2 < BlBERE (RS - EFLAVEIHARE - SRlBERERESY
FHRIEE S DME AR B ERIR Wil 2 - SRR A I E AR
HEEEKFREZER - BT oo m BRI EFCER - BUME R
R A BRI SRR B (Reverse Mortgage Insurance) » DACR[E < BB RS o/ E <7
BRI R EERER - BRI B REEMERKAINE - @BEr % S
A BRI SRk T E PR - BIa0BEFA HECM! 5]f& (Chen, Cox, and Wang,
2010; Huang, Wang, and Miao, 2011; Lee, Wang, and Huang, 2012; Li, Hardy, and Tan,
2010; Szymanoski, 1994) » BE & XA B EIRH SR EAER B AU Gm (Boehm and
Ehrhardt, 1994; Tse, 1995) ; M@k A RN TRZEALHVERIGET) ~ ERIFEE LUK
JEFI JE g s IR 55 53 AT AIFRE A L 1RG5 BRI S5 R 8 XA RECR B I H e
e ZEE - R - B 2 B ) 5 B IR S CE S BRI IR AR A - 2K
H RS 3% i RGeS DU BB » [AIIEL - A e EA IR e me vt DA 5 AR Y 5%
HELTHRRE - DL T RS B IR SR m b v - U PRI AR LR L b 2 -
DU S RbERE T MRz R I - T AS SCHIREFE BCSR At m] DU 1508 3N TV F S
Al B SR n] DR E RIS - DU FERYEE -

— %I EREER (Mortgage) /218 FE [F BRl RS (5 H— S5 4H » I HARKIE HIH

1 Home Equity Conversion Mortgage (HECM) : 2% 2 FEFHEEIRAE K - KA F R EREER
IS5 (Federal Housing Administration; FHA) ZRIE(LEFRIFELR - A7 HHETT B 2 FHE A
ERGTE - BRI TR E N — -
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FNEEARS AR - FEEFRREE T - FEEEI H R - (S EE N5 EE
(EHEREEIN - A F5 R A &R0 3R B R IR ITAG b - IR —
o EEERARAE B RAIFTEREEL G R A BRI R R R EE AR g

FE - HEHEIET - #E80E AMERRIERERNE - I REEEE; Ty - JH1
BERHETHE - DT SR BRI ASBAE - (2 SRS T E SRR E R

B ANBEZE o (HE TR B RAVEE/NAERERGE - AR R B R R
et BESEFCEEZIEL - R - A2 HECM &1F - AlfEFEEE
/NIREFREREER - ] AR R PR B ES K (Insurance Claim) @ K5 HETH
B o AWFTIFESERE] HECM TSRV N 70T S ) BB R A S s et 2

HIREKAINS - A BRI ER - RS HGERERRHIFAE - 7] DA 5y
DIHFBEERIFE - [M8fTIRIN—FEBEGN (ERH) R EROGER
HERIFE LTRSS DU B B RIEREE (FEEREAIR LI B R EE AR E K EREE
HIERS> ) - HARJEEER - BEHS S RIERRE YR F R IR B R IVIEE - WA &8
&S DA FFRREREE - 55— - AR EF SRR S - 7T DURER
B R R Rt L TE S S B, - 58 TEIS AR B8 S e BB AR AU 25 TE S H - BIFE < (1)
—HEEEGN (TERFE) -~ Q) &I EFTHEEE - 3) BEREREE - (4)
XAt A R R E R R R E . (AR R EEIIREILA ) ~ (5) RS
TEEAFIE MRS T R - IR S e MR = ] DUBIS ORI CrERYAT R (B
FE A ERIEMER RERREEA ) o SRR A A 5 R I S R RS
5 BeSR Rz an i o DUT R B AETE H A PR B A - SRS s P AL
HIEEARTK -

AreaE R ofirE 5 2 g 7= W B IR BB RS SR - DARS AR b rE H Y
BALBATR - W B SR B R EET T RURE AT - DLT 1128 <2 Rl B A g 1B 20 e B
b o FME B2 FMERSUR (% - FIEEEZISTH - 2011 5 Szymanoski, 1994;
Lee et al,, 2012)  fEX A FREIEMEHRE R AFREIBEENGAET - IREWTE S
FARY PR ¢ JREIA SR H] A (Principal Limit Factor) ; E2X » ARFFEERBA AT & <%8 0L
Fe s RRERS R IR (R - DU S BB 2275 1 nB0R DR E fe R Pl B B 3RRIIREE < Z1%

2 B E R ERERS 2013 £ LR o 2R - H RTERE S A 7 R A SR g B T B AN ST
AP AE (S HECM G ) “NIF] - fEFREIH RTERETT - FUE R H S S 3t A
[REE SR E MR AR B AN EE BN 5 IR SKASECREY - 35 55 BRI E R SR EREH - R i
FONIEREMR N - BREEER B8 LB -

3 DARbPRES R A BURF ECE B S R BRI sk IR By (R -

4 HECM FAEHUE Al & S EH- N RER A LB /R TE B E AT e E i SRR H - A SR R i KRl &
BHEE (B0 -
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HMEBE R ER82 » B EE S EE HBENPE - LHE SRS
DR A RSB IR - DA AR 22 B I o R IR kS B R a - LSt - FREIH 54
L H ERGEM A B R IEF SR Bt - bR T — KRBy ERIN - oA e
Sa (T RIERK - A R AN FE 2 AR S M PR B i it ZAE 1

A ERp s - REEAEEEREA i E R LE i E - A RESPHaEMRNY
PHEE LA AR R - AR EEE RV MU E SRR A - i A B R E
TP i JER RE T B b 2 - P2 (it e Rl R A TUE Bl i) BB 5 ik » ASURAE
EETGERBATT - T E S T SURRERET 5 B =0 B R R B (R DU WF e T R A
BARAAT S S A P R AR Sk A E 1T IR 5 BRVURR o R BUEAG R 5 SR il oy HIFE (It
ABFFERIFE A LA o

8l ~ SRIREY

£ HECM 3] {5 & 43 » Szymanoski (1994) fi# ¥ HECM 5+ E T EE A > A6 £E
HECM &R » 53 B B R SR B B R ¢ Szymanoski 3% 75 2 (E{E s % (7
1 EHEE) (Geometric Brownian Motion) » i 1EAKHE (rba B Y THIH R S BB/ NR ELEE
RTEEAGRE AT » STEMER AR —RATESH - W8S Szymanoski (1994) Fit
FRHIAYZERS - 285 HECM 33 MRt fp B IR S R ba e (e.g., HBLE ~ &
ST MRS ERERHES - 2008 5 Chen et al., 2010; Lee et al., 2012; Li et al., 2010) -
Chen et al. (2010) /f5% HECM &t & &7 0] DAHERSEE - 7R » HECM 513 FRIRE UL
ANEEGH AR ZH - Li et al. (2010) AIEEET A 5B 2 I E 300 * 19 8 (2 SR -
Chen et al. (2010) Eil Li et al. (2010) 3T —KAGH AUAYEFK » 1M Lee et al. (2012) HIYE
APEREBEEBTHIIBASENRER AT » SEFESE I W\ B 2 IR S35 =
A EEEH - EEVEE (2008) PR B N M B B IR SR 2 BB 5 BTG SRR
KGR B, « B3R - FERMEREEER « DU A S S8 S B R Rt

BRI G B -
A R IR E e H ERERERE —ERUSE SRR - DI AR 2
% [ FEMREENR K A ERAEFRE R RS FE RS EEKENE S )
(e.g., T > 2011 ; Mitchell and Piggott, 2004; Hancock, 1998a, 1998b; Stucki,
2006) - SRICECANEIRURERE SLAYE BRAR (e.g., T~ AGHILEMETEE - 2011) -
Hancock (1998a, 1998b) DI B R - FEHIAG B ANFACHT K - 80 B EIAYIEES
= R E R ETA A AR SR A B SRR SE D MESZAMBEEN

5 Lietal. (2010) .25 NNEG (No-Negative-Equity Guarantee) °
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FERAEFEEEA SN -Mitchell and Piggott (2004) HIFEH - BEIEEE FERIER T
HARFREH NS B2 s B 2 iFE - R DR R A B R RS
R ERUSAT SR - DURA BT AILBREE T - IR R IAIRGETEK - Stucki
(2006) HIFEHI A B BIRH Sk ped RIAER LU E 2 Z00M - e =SS
FEHAEGEN TR - L% % (2011) H/ZLL Szymanoski (1994) FIREHED BLRE - SHESE
FEREVNEIFBERAFEERFEHRZESE - I A A AR SRR b7
RIS A G B N ETHR IR AT /KMERY AT RERD 2% - ZERH S (2011) LR
EFERDIRFEEA (1FE)) FIERER AN SRR E T AR 2 . HIF5ehER
FEI 0 BRT 95 MBS » EIRFERRGIFIER AT S - 88 A B R EHFEHEH
R E E R SRS - AMEERRA (GR) HEREEFFEERK -

AN » MRAEREREGTEEY (2011) $HEI51 30 5K E 60 5% © BEE T EIES FH#ETRS
E > TS RGAEBRBEARER A EERFER - W HERFES INER (Logistic
Regression) ST B HEE B BIEER T « fREUR » =02 —XiiAEEEHH
g B AESENEZE - BRSHEReSSFEAENE -

Frer DA ESTERBA rT DAZE TR, TR A RISURR G T - TR 9E 2 E R A S-S BRI E
UETERR L I 7 B BRI SRR B 2 A I - BRI A B BRI SR AR B SR
WEBERERA TS ERSENZLE » BB UEE BB » SO MR
BRI TT SR RS 2 /G R o Mz s A AT T - EFE R L A1 5E ) B AH B A
g TR DME SN B AT I 1) 2 R R &P L Btk = SHE SR BIFE 1K
W R B B RIEREEEERE - AR H R A BRI SR ry By 5= - DU
SRS SR E — AN 2 - WHR AR R A FE — (B 58 e RE AU RU /i 7 =X -

2 IRBLER R SA
A fr BRI G R EFFE A =G Ty AfE - (1) FEHEEEZE (Line of
Credit) ; (2) —XAATEL (Lump Sum) ; (3) FZEH A (Tenure) ; (4) HAFRA! (Term) ; (5) &
& (Combination of Line of Credit and Annuity) ° A PA—ZGHG I 6 B R I E 3L
Fell - AT RT E R BB < THERFE DU mER Ry nTRE A - 125 EE AR B RERY

6 {EHFIHI HECM st T » S EEISEEENTIER - BT —ZGE AL - a] DUSE R [E A S 3Ga )
F (FEMEIFERT » — KRGS EUR(E AR —fE) - s S G E AR - QAL
SERIE AT o £F 1990 £E1X - FUE 71% SO GEIZBEEIFSRAYRE S s 2RI 0 B 2009 SEBALS
TEFIERA— AS AT BUBRAG Z BIfE A RI TR - RN 2010 HFECEEE (2009 4F 10 H 2 2010 4 9
H) - K 69% HE B E B A= > K - ASZATE AR « [EEF5E 2 —XGEAE - 2 H
AT 25 (8GRI A B 2 I S L A = - FHRIEEHGE 22 CFPB (2012) °

143



R %) B B ARSI AR T b B AR AT

B - BAEREE B B E S AR S BHEE) 7 » B Szymanoski (1994) » Huang et al.
(2011) ~ ELEEE (2008) ~ FEREE (2011) DA ZSFEH S (2011) BIRGER —E » fEF]=R
% 7 - AT RS e =R R [ 2 Y 85 > HIJEE Szymanoski (1994) ~ Chen et al.
(2010) DLk Li et al. (2010) SERY(EREZABIE]  [LAN » 25 RZGEBISER (e.g., EHEESE -
2008 ; F{EF5< > 2011 ; Chen et al., 2010; Li et al., 2010; Lee et al., 2012) - FR%
BRI R SRR I I ME— R R - H3E SR e 2 = (AR B e T -

MR AR MRS (PlIEUFefRiE AT Mt A B R IR &R iR
It T SR BB RS O] DUOZ 3 e R f i 8 i B SR RE IR SR F A Ak By Jal B DA » 3R
IR A e 2 A o BRI S ah e et ~ B EEAEE R RER - K%
HIFRHE R 17 o B R Sk i il 2 A R T -

— ~ 5 R AR AT
ABF e B (A AT I — RAG (288 BAL(0) > BEAVIHPIEER HO) > &
ARARFHIE AR () I1E—EFZE (z) - SRR TSI SRS - =
DR R A BRI SRR IR R EE T BRI — IR ER - B
F5 12 JA R (BB 1007, % » DR 4F P8 A 30000 TR S O BR 2 - 28 R B R BRI
1007, % ° fE A AAESK A BEAR A LS RSB E A - i A (R & [
WEEREE * (BAL(0) — DR - BEFOFIAFEE - BERESE g EE —FEIFESL
T 550 « FRIEEREREENE 1 FEIEEREREIN EZFERE - Win Lk
JEETFIE -
BAL(1) =[ z,H (0)+BAL(0) | " )

BAL(t) = BAL(t-1)(1+7,,) €""™, t=2,3... )
fE{LLA BRI A AR IR0 R SR EREADL T TR -
BAL(t) =[ ,H (0)+ BAL(0) [(1+ ) B(t)e™, t=1,2... 3)

Hrp - B(r) 2 t W EM TSR (Money Market Account) » HEF Ly ¢

B(t)=¢" 4)
7 FRAMERAA 2GR AT B EN MO R T - DA R PSR T H (L B -

8 HIRIE(HEREH -
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RUFFERES B 2 IR AR 1 2 (rT A7 BHIEE) - £E P I (Physical Measure) T~ * B2
{Ei% H(r) BERETE ] DL g

aH(@®) _ P
H) (1, —8)dt+o, -dw’(t) )

Hrr o p, BEEREEREERMER « 6 E/FEMEE (Rental Rate 54 Maintenance Yield)
o, & EBEMIEEIE - wo(n) 1F P T IRIEEEME BER) - e E s L HE O
(Risk-neutral Measure) | * JBEEI (H(1) B HREFEA]R

dH (1) =(r-0)dt+o, -dw°(t)
e (6)

Hep we() fEE AT R (e R UEAT BHEE) « $8{12275 Chen et al. (2010) PAK Li et al.
(2010) W% @ FE T BEMEER () - LUHiE B EEE ] DI RAH sl -

= R HEEBRY

AR A Lee-Carter 525 (Lee and Carter, 1992) #E & ARIZETCER > Lee-
Carter [REXAERTHE] £ Z T » x B AN ZFRICLER m  aJ LU RS -

ln(mx’, ) =a, +pk +e, (7)
v m  FOR x BRAFEGHATE ¢ R IRIETER - a R x SRR A S EIET
REPIGEL - B FRoR x BRAFE A CAHEI IR SR B R - k RRAE ¢ IFRYIET R
TR e HIFRRBEMERZEE - RS (7) A HEESZHH# > Lee and Carter (1992) HE—

SHaE LA TRIIRGIZ - IS AEAL S —f ol g

D k=0 LR Y B =1

PRA Lee and Carter (1992) Z 5% » AS0{RGE% & ARAE -

k,=k_+z+sg, ®)

145



R %) B B ARSI AR T b B AR AT

Horb 2 BIERSIE - o EHIEE R 0 HE BB o MIPEHEETE - FTSEIEE x B2
NFESRAE EI B (1 = 0) TRIBEIEES x-+n BIHESR ( p ) AIF -

nPx = GXP(_HZ]: mx+j, j] =CXp [_"ZI: exp(ax+_,. + ﬁx+jkj )J
J=0 =0 9)
PO~ B2 JE HE P B K R oS A o B

FAMEE I 1) B 2 P R e S A R S (B (BT - S B %E - FHS IR
- FEFEREE - REEFEERE S () -~ THIAFNEDUR S0 # P
BRIRERE (KA - HRE-REREREET S - B EEHVEED ERER
B (A - ETESEHE - Hels  FEFEREEDARESZH » AlBETDUE
BHTEIAFIE - S5— T - NE N ESHEHE TS SRS ECE IR AL R E
FRME S ) B R A B K R Fa 2 A L e S S L AT ) O B B A KA L i T Y 7R
BRHEL » T ETHEAFNEEN SR R E I A (FREEFEE 2 RE ) WERBREA ;
TEAEITRURRE AT EE » M5 T IR AL ORI M 2 THEA RN - DAMECRBURKE 3182
T AHEAYERE - DITERMEBHKFErEfHels - BEREREE - FESH (A
DA AR ARG E = -
(—) Atz

{E Black and Scholes (1973) HYEE{SEREFHEE A F - W2 HZ AR =
ik o Merton (1973) HIIZE{# T Black and Scholes (1973) HUEFEERT - (%I Z24E
HEERERA SOHR NSRS () BRI - 7555 2 SR =R AR 1 S (nr 1 B E Bl HEAE
fEEH Sl EER T (A (5) 5 (6) @ FEMSELEEERIIR R E B #l
PEERIBATR - KIEL - fEEFE AR O T - FAMATDUR B B ER (H()) R T -

[r—é‘—%crf, ]t+o‘HWQ(t)

H(t)=H(0)e (10)

i £ EFAEL Hl i1 R R TS T 23k

H(0)=H(0)e™ +H(0)(1-¢™) (11
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fff% Merton (1973) * H(0)(1-e™ ) BURFFH BRI « Fy k107 EIHEHE -
ERATTRESE ISR B SR - HE BRI DITHE IR’ I E R ALEZLBE AR
HIES ¢ R EU(E%KAEJLM%T%E’ﬂ%ﬂ@ﬂ&%ﬁﬁﬁ%H(O)(l—e“”) s BN AT DL
1SHIFH SIS TR E T BT EK -

w—Xx

Ve (0)= Z -1 Px 'f]wle(O)(l_ef&) (12)

H p Ry BRASEOGES 1 IR 0 g RASEHGEIEE] xt ] BEEER A
FERETROER TR 0 p - g x BRIEEATESS ¢ AERETECAOMER ¢ o BRSO
AR NS « FHA (12) FoPTrrASSE - R s B8 MRS 5 A 3BT
(ST~ R E (E LR R 3k = (E e Y -
(=) BEMBRIM

B R A TEROAIHIEE ¢ FERERETS - FISATBIHAI A A T DU 0 5 R R (s
[H()~ BAL()]" » BRI » {55 S R ED T —(ELUR R (E(E H) Ryaiehm - DL
BAHE BAL() BB EIEINE - 2 x BISSREER B ER - ERCREER
EREEEITAER T - BTSRRI E A BUE (7,0) ER T -

w—Xx

Vg (0) :Z —1Px 'qx-H—le_ﬂEQ [H(t) —BAL (l‘):|+

t=1

—.

— -t Py G (H(O) e_&q)(dl (t))—BAL(O)ﬂ'(t)e”"’CD(dZ (t)))

=

t

0 H(O)}L —(5+7 )4 107
- dl(t)zl g[BAL(O)ﬂ(J')\/_( (o7 )+s Hjt 4 ()=d ()0 -
O'I%It 2 1 H

(13)

H(0 i
EnUHﬁ@+%M&$}HmYﬁu=m%w?ﬁ®%%ﬁﬁ%ﬁMZ$%%$

SERE (HEEFE2EITE D -

9 ASERERFEAMESFEFEA L - &R DOZRIE & ZE - B EIRI AT sE IR EEIER] 5 Li
et al. (2010) HIfREREFILERS AL LE - WS REIEM R EF R - R - B35 E A R B
TR~ AR - A fEE L Li et al. (2010) HIZRAHIEIROREAY 5 JREN - AWFFE AR AT R T e E sk
NRTHESE R RITERS AR AR - HARFH R B R R 4 ) 28 -
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(=) Rz s OlA)

P B S M LA R IR B 45 T (T (b SRR TR
5 RAEHTEF (x H(0)) + ARG RS B AR AR 100z, % » TR » [RERSH (32
BERBR B RTI A ) B (V,(0) AT T2k -

—

V,(0)=m,H(0)+ pe"E,[ BAL(t),,

=

= H(0)+Y ,pe™(1+z,) =, [ 7,H (0)+BAL(0) ]
= (14)

(e BRI AR (REWAFIERKIFEIER ~ GRAE - BHRER (r)  BMIIRER
() LR B EIAVIEEARR - AIHER DR f5 B ER 8RR -
(W) R B3I B RARBRARA (BT AP AT o) IRIRR IR )
EIERATEIGORIER  FREIEC - #ETREISRIBERERIRIE [BAL()-H()] 1I1E
& g - IR EREIEEREE T —ELUE REEREEEN - DIEREREH
RyfEAIERSHIERE - A (13) DUREEREHER R #TRAF RIS R
B A ATRESEIRHIERAE (V,(0)) F

w—x

Vi0) = 3 1y Ep[BAL()-H (1))
= QZ:, 1Py Qo BAL(0) 7 (£)e™ @ (=d, (1))~ H (0)e @ (~d, (1)) s

B2~ BUBESREDHT
FEAET - JAMERERERXARFREAYEE 100 EHT - FEEEE (0,) 2
10.42%" - THER (6) 2% > (EFCFRBI R PR FR 2R (r) B 1.5%° - EHIRE

10 N[E B R EEZBEAS SR AT LUK 2 F R EERRLL 100 BTtk - FILGEmE -

11 FAMLARRF(EE 4Rl Z 58 (Federal Housing Finance Board) 2 H &5 #1757 (previously occupied
single-family home) 5 B S SEI(ERSFEHGETT BRI B) 2 8I00E - &RHEREIEART R 1991~2010
E o EEHEE - 2011 4F 12 A 1 H - BRI Z B G R O AR (8RS (Federal Housing
Finance Agency) #5 HLZE75 -

12 [A] Chen et al. (2010) ~ Lee et al. (2012) Ei Li et al. (2010) HY{EE% ©

13 [A] Chen et al. (2010) F{EEY -
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H (n,) FIFEHARE R (z ) AIZ2%E HECM BB - 735105 2% FI 1.25% ; 28{EH
REANFR 1 FESECCRERE G - JWAMPRASEE B MEILTRER (1970 42 2005 )
DAFCs#E Lee-Carter BEIATZ2 8 s 5 SRS R Z 1 - TAMTICH x BRE 95 BRZIETR
BERLET2HACE - ZRRE B U RE R (E— R RS - S {EET 96 BRZE 109
PRHIFELR - ARG fE RN AT DA B S R e o R 110 3%

AREIFE—ERy (— A ERE) EeEARRBEEIRE R AFRRBRAT -
RERAN AT EREE (RE) - WEtBEERAA B N #T eSS - He
Wik UK e R RIEREE - MRS TR R AR TS840 - WP 70 BREYIERA R -
AT R E 2 B AT - DARAR E 2 BBEUE(ERY - AT EREL R HETE
HAEEEEEREAE - pboh - THIFE 2 SRl 2 B (] —E R BRI RS AR
RIEL » FeAMEE—2 5 3 o) e AR e R R B BR 0% - TEARRIAYEE 8y (=
U i) IPHEEER A S8 T - SR E R NS (EHEH BEEE
T HSE RS DL R RIS ROAITE - DU g 22 B2 [ BB o2 HE AR S R SE 55 Y g

® 1 28R

28 H(0) 0 T, 7, T, T,
5554 1,000,000 2% 1.5% 2% 1.25% 10.42%

— ~ AN B&H

TEARIEEIIRE I A FRREB AT » 2 2 2S5 [ER AR KR &EE
o HFR 2 MR DLE R - K] B8 M E R AR I sgin - ks &k
NAEACBOR » (AT AR T - R S I s 3R (B B (S AR B G 0T R - FEfEEK
NEEBS Ry 70 BRI - A HAEHR AR E 4% 41 B 4,290 7T - HIEBRA 25 & 2,204 7C
HOTEIARE e DA 20 & 3,591 TeHY B EFIEREE 5 K [EAERE 2L 100 &
B P51 87 B3 85 T 7 Yl ER B AR - M FI T HY 129,915 JTRI R 31T E 3L Hl
BERERIE = - S3—T7H - BITEFERMBERBEEST 12 & 765 TTHICRIEE DIGRHL ] % E
BRIV REE RIS - AR - REAFRRBEA R 12 & 765 7T -

14 2010 FF4AEJE - HECM FHAEIAREE REF ST 0.5% Jam ks 1.25% » IR E SRR 8 - 552
# CFPB (2012) -

15 ZEF}ZKIJE : Human Mortality Database (2011) °

16 HECM FHEZSRIEFR AN ZFE R DB 62 Bk R FMIEH B ER 62 Ll L2 A -

17 870,085 =414,290+252,204 + 203,591 -

18 fRUL SR A = FREEE + S PTESREBRE (GREEERA) — (AP &% + 75
A U + FFERIEREE + RE L) -
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K2 REWAFRERERART » SFRZEATEEH

FHle A EE%E MHEUE EEREMEE RESH ERIEETE
62 307,357 336,570 201,947 141,865 154,126
63 319,613 326,085 202,661 139,683 151,641
64 332,299 315,436 203,310 137,332 148,955
65 345,237 304,852 203,771 134,872 146,140
66 358,512 294,206 204,131 132,266 143,151
67 372,102 283,573 204,309 129,538 140,017
68 385,805 273,095 204,319 126,725 136,781
69 399,916 262,625 204,046 123,800 133,413
70 414,290 252,204 203,591 120,765 129,915
71 428,515 242,046 203,085 117,680 126,354
72 443,091 232,020 202,162 114,537 122,726
73 457,646 222,171 201,160 111,332 119,023
74 472,339 212,556 199,809 108,106 115,296
75 487,218 202,917 198,444 104,756 111,420
76 502,094 193,456 196,957 101,364 107,493
77 517,182 184,131 195,174 97,927 103,514
78 532,059 175,238 193,084 94,563 99,620
79 547,094 166,533 190,659 91,186 95,713
80 561,994 158,098 188,080 87,829 91,829

HAILL 70 RAIEFT AT B > 37 E 2 BiRE L - A BRI HERS
EHEEEEE(L (FFRE3) - FEHSRE(LTE - HeResryREREE R
B ETFImE N 5 ke H R BTt - SEpE B ESEIRER (r-0) TR KILEE
ST E SR - EEFMNZESE - FEEEFMNEN BT - R KAERE TN FE
Tk E EE 2R EFNZE LU ] BRI FRIR R E - ERCHEROR - Al &S8R
frRFEREER] - BN S - 7B ERNEIHZRE - KB ERIER
E{EPEE I B8R TGN 5 RESZH (REEECE) W ZEEFHZD R TE
SRR R - S350 - B EFFIZEFR 0 - FRIE SRR A TR A
PRIEATEE RS O -

fEE IR ERIVEL A E - BInE A RE R DI IR E A > ESREARE
SEREREIN - A EKERER AN IO - BE1S 55 ERIEREE N fSEMHRI T B8 T
H I RE R INE NS SRR B R IER - N BRI E KRR R

»
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_
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= (6) °
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o MAEAEHARE R - B INAEHA IR E SRR ] DI AR B WA - (HE R EIH
EERENR BRI EIER » SR BRI EE D R R E T (R ) KIEER
Bk s AL - B2 3 TR DIEER - MR EIARER - EIARE SR (LR SR
BERE R AR B K -

TEEE N E R LT - b B EEE RS KA S - MiRE
SHY (PREEREAS) BEE B KR ESHHARA MR FFREFEREEMEERDF R EE
REEMER - DIEREREBEAOERERE - B EEEREE B E BRIk
] SRR A T -

EIFTR AR - FAMTHE Lee-Carter BAUFEAYIE RO ELSE /N - DA BIE
B R BT REGECRE— S TSR BEG R E - h3R 3 M LAFEE - 36
RS (BUER AR R EFIT R ) 1S3 A HARMER » FH R B> -
[l - A AR AR 1S B B E (E/ MR B R BERY RS T R K AT S50
s PR FECERAYHE— N R RIS S s iDL R e K T & 80 R e - 2141
He— LA FISE R B R RERY 2 2 - M AT SR R R A B R E R 1T
SZEECE - 7R 3 M ATDIEEHR - RIBFREBIPE RIS R - ;e A EeH (42 5
8,033 7)) =R EBRIRRES (41 & 4,290 7€) - &2 RIRBIKE] 70 BB R SFIIER K
JASER 70 FRENE -

3 IR THERELHERREBERAT - e ArE5HE (L - SREERIF]E
= EHVIEERETESHE - FHeBEsURE BRI EE 2 R - FEE2 8l
B 2 {ETE H Ay LI B - FMREE TR (S 2 B R MO A S B RS R
RS2 - SR > B L HECM EAZHLE S S FE T Re it @il (2 o 1E 5 2 P e it
EHEFIRS] (Bl KT Ee8) - HRAEHREE TR - B - #7EFK SRR
AITEER ERA - IREERAN T ESEE - B 1 DL— 70 5.2 BEEFH ARG - 3%
B P & AR E IR It SRR R (3R DISRREEREFIE () mIRILR s Hib » &%
PEREAE R SN BT E SRS R EER DL B BHAPIEE - A SR B REF R S AR I
A FEREERRA - FERDUE R IEE ; SRR DR & (R A1 =R A e
T REREFIEER - drFe 2 Bl 1 FRAMPT LSRR - fE v S8/ INA 41 & 4,290 TTHIEDLT »
AR ANE - Bk - EAHFRTEREREBIER AR ESHET » RE
B A] S5  TRALE S TE HECM RUBSH] NAEBRIR] 2 - B R (R R 0t
TRAEFREFEZRRE - Fitn &8ss - R -
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RIRAAEEHEZHRED

HE=R A Ee%E FHEUES EEREMEE RESH ERIEETE
1.0% 503,967 137,883 201,409 141,572 156,741
1.5% 457,077 197,685 202,524 130,692 142,715
2.0% 414,290 252,204 203,591 120,765 129,915
2.5% 375,357 301,969 204,406 111,732 118,269
3.0% 340,018 347,448 204,837 103,532 107,697
BRAl=E

0% 610,796 252,204 136,999 144,747 0
0.5% 539,570 252,204 168,089 136,577 50,137
1.0% 474,020 252,204 180,444 128,550 93,331
1.5% 414,290 252,204 203,591 120,765 129,915
2.0% 360,325 252,204 227,130 113,294 160,341
2.5% 311,934 252,204 250,725 106,190 185,137
HEMRER
0.5% 398,848 252,204 228,139 98,702 120,809
1.0% 404,480 252,204 219,326 106,169 123,989
1.5% 409,603 252,204 211,176 113,517 127,017
2.0% 414,290 252,204 203,591 120,765 129,915
2.5% 418,599 252,204 196,497 127,925 132,700
3.0% 422,577 252,204 189,833 135,008 135,386
HEHMRER
0.50% 365,147 252,204 275,897 53,226 106,752
0.75% 385,566 252,204 246,952 73,763 115,278
1.00% 401,608 252,204 223,264 96,356 122,924
1.25% 414,290 252,204 203,591 120,765 129,915
1.50% 424,325 252,204 187,062 146,822 136,409
1.75% 432,228 252,204 173,049 174,413 142,519
2.00% 438,385 252,204 161,081 203,458 148,330
EERENE

2.5% 489,422 252,204 105,983 138,197 152,390

5.0% 475,803 252,204 123,676 135,037 148,316

7.5% 452,058 252,204 154,524 129,528 141,213
10.0% 420,209 252,204 195,901 122,138 131,686
12.5% 383,384 252,204 243,741 113,594 120,670
LT R(REX
L-C (1.4 1&) 462,557 217,707 202,591 109,736 117,145
L-C (1.215%) 440,125 233,347 203,417 114,887 123,110
Lee-Carter 414,290 252,204 203,591 120,765 129,915



EXNEHERE 20 £5H2M

Hax RIS SIS EERIMEE REXH EREETIE
L-C (0.9 %) 399,727 263,244 203,325 124,042 133,704
L-C (0.8 1%) 383,819 275,665 202,706 127,603 137,810
HENFE TR 428,033 245,919 197,801 119,232 128,246
0.25 -
— EENEX
------- ERtEtER
0.2 — AR R
0.15

0.1

0.05

-0.05

TS 10 15 20 2 30 » 0 5 %0
g (8)
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EEER PTG - el R EREEH SR ETHmE i ; magHeR
M BTt - SEREREBIRESR (r-0) T BRILESFERREREEKD - mieftE
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e ER B R BT - B3R 4 BT DI - (R e aaiE - 20t
BRI PR & S H DUR TR TR A 2 21 P (B R B (RER IR R 5 1 P BRI ER (E (LA
KRB AR By o3 B E IR DA B E B R B E SRR B U B - R HEEE
B E BRI ANTTREAN - BLOh - SRIE BRI Z R TT S - ERBERAIE N
MARE IS AAEE T - H A RS BB R @ ey B

FESECREVEEL T - SR SR BE 15 32507 E SR I - S5 Rl s AN B 1R
A RS R B SN - F5 EFIERE E AL - B BT BRSNS
bE & 32 AR BN - AT A] DA BE 2 A7 - IRIRLTRERFE R0 - phoh - B0
Rt Rl 2T S - B0 MR - SRR - SRR E A LU PR B
FRARIRFEE TN - (LR AR B A G A5 B R PR i A YR i H A & A
FECREY N -

RA4BKEVESHZBRED

Hex HEWas EERBREE REZH EREAE R RBERRAS
1.0% 137,883 277,664 120,765 129,915 80,517
1.5% 197,685 237,219 120,765 129,915 99,873
2.0% 252,204 203,591 120,765 129,915 120,765
2.5% 301,969 175,790 120,765 129,915 142,728
3.0% 347,448 152,880 120,765 129,915 165,297
EEREE

2.5% 252,204 158,208 120,765 129,915 75,382

5.0% 252,204 168,191 120,765 129,915 85,365

7.5% 252,204 182,908 120,765 129,915 100,082
10.0% 252,204 200,459 120,765 129,915 117,633
12.5% 252,204 219,654 120,765 129,915 136,828
TR
L-C (1.4 12) 217,707 241,858 100,761 105,427 80,042
L-C (1.24&) 233,347 223,956 109,559 116,198 97,349
Lee-Carter 252,204 203,591 120,765 129,915 120,765
L-C (0.915) 263,244 192,274 127,652 138,343 135,803
L-C (0.8 %) 275,665 180,049 135,722 148,204 153,930

i AT - SR ETERCERMBERT S - AR E NIA R EH SR EAITEE
(EfS HATR AT LA SR - AN SZEFH 3R DR B (R B F 2 B E TR aR rU R - i H.22

154



SEREERE F26 552
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FIERBEERA - BEON > FEARRERFEIRAE AP T - 3% 5 rhig (it SR B AR 25 Nk —

e (BN ROAE (129,915) - BN AR Bt (< B B S 705 Ta i 58 R HO PR -

K5 FAMNRBER T ZHAFEEMEE (ZHERER1)
Flx  wesd@ F2RE 0 HeNE  EEUSHEE  RETH SRMEEE

0% 18,977 287,382 252,204 400,195 64,918 60,219
2% 23,733 302,287 252,204 379,719 69,285 65,790
4% 28,956 315,469 252,204 361,258 73,434 71,069
6% 34,561 326,987 252,204 344,824 77,308 75,985
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RN EI BB ER ] - ST 2 B Rls (R8s N ) - AHRCRY - #
UK - AN E SR EROR - BT 2 28 K (miq @b Err) -

ik 6 BB MEIETRREBZEE

F= FEEER FEHE (e LEERR (&)
0% 123,600 1,812,698 737,758 449,554 (14.98%)

1.375% 123,600 1,614,101 737,758 648,141 (21.60%)
2% 123,600 1,535,030 737,758 727,212 (24.24%)
4% 123,600 1,320,139 737,758 942,103 (31.40%)
6% 123,600 1,151,313 737,758 1,110,929 (37.03%)
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Structural Analysis of Reverse Mortgages

Yung-Tsung Lee, Assistant Professor, Department of Banking and Finance, National Chiayi University

Yu-Hao Lo, Financial Assistant, Gigastone Corporation

1. Introduction and Study Purpose

The purpose of this study is to analyze the structure of reverse mortgages. In accordance
with the HECM (Home Equity Conversion Mortgage) program, this study decomposes the
collateralized property value into six components: loan amount, rental income, remaining
value (on loan termination), reverse mortgage insurance benefits (i.e., reverse mortgage
insurance costs) and expenses (premiums), and lender profits. This allows financial
institutions to understand the profitability and risks associated with reverse mortgages.

Previous studies have examined reverse mortgage insurance, including pricing under
the HECM program (c.f. Chen et al., 2010; Huang et al., 2011; Lee et al., 2012; Li et al.,
2010; Szymanoski, 1994) and the assessment of HECM risk (e.g., Boehm and Ehrhardt,
1994; Tse, 1995). However, none of these previous studies considered the profitability and
risks to the issuer of reverse mortgages, or the equity value remaining to the borrower. This

study fills this gap in the literature.

2. Design, Methodology and Approach

2.1 RM Contract

This study considers a lump-sum payment reverse mortgage. At the terminal date, the
outstanding loan balance is payable by selling the property. If the proceeds exceed the loan
balance, the remaining value belongs to any heirs of the borrower; otherwise the lender
recovers only the sale value of the property. Suppose that lenders can buy external insurance
to cover any contingent loss. Furthermore, the insurance premiums are assumed to be paid
by the borrower and include both upfront and annual payments. The loan balance accrues as

follows:

BAL() = 7,H (0)+ BAL(0) |(1+7,) " "™

where BAL(0) denotes the loan amount; 7 is the risk-free interest rate; = represents the loan
interest spread; 7, represents the upfront premium charge rate; 7 is the annual premium rate;

and H(0) is the initial value of the property.
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2.2 House Price Process and the Mortality Model

Under the risk-neutral measure Q, the house price is constructed as follows:

dH(t)
H(t)

(r—08)dt+o,-dwe(r)

where 0 denotes the rental rate; o, represents the volatility of housing prices; and W9(7) is a
standard Brownian motion under measure Q.

This study uses the Lee-Carter model (Lee and Carter, 1992) to represent the mortality
of the borrower and assumes the death of the borrower to be the unique factor that causes
loan termination. Additionally, mortality and house price processes are assumed to be

independent.

2.3 Structure Analysis of Reverse Mortgages
Given a specific loan amount, the present value of rental income (¥,(0)), the remaining
value (V,(0)), insurance premiums (/7 ,(0)) and the cost of RM insurance (¥ (0)) are

determined using the following equations:

n@:ﬁﬂgme@Uﬂw)
Vy (O) :wz_:: -1 Py ‘qx+tfle_rtEQ [H(t) _BAL(t)T
- Z 1P @it (H(0)€ @ (dh (1)) = BAL(0) 7 (1) e @ (d, (1))

V,(0)=m,H(0)+) pe"E,| BAL(t)x, |

= ﬂOH(O) +y ,pe™ (1 +7, )H T, |:7Z0H(0) + BAL (0):|
t=1
V0= P -ese By [BAL(:)-H(r)j+
t=1

=2 1P G (BAL(0) 7 (1) €™ D(~d, (1)) - H (0)e D (~d, (1))

=1

~
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where p (, p.) denotes the probability that an individual aged x will survive to age

x+t(x+t-1); q .  represents the probability that an individual aged x +7—1 will die within the

log{l%]+(—(5+ﬁr)+;a§jt

x+i-1

next year; d, (t) =

s dy(1)=d,(t)-o,t ;

H(0)

—_— (1+ T, )j for j=0,1,2,... .; and @ is the cumulative distribution
BAL (0)

b2 ( J+ 1) =| 1+,
function of the standard normal distribution.

The profits of the lender can be obtained by subtracting the loan amount, the value of
rental income, the remaining value, insurance premiums (expenses) from the property value,

plus the lender’s gain from RM insurance (the cost of RM insurance).

3. Findings
Table 1 lists the parameter assumptions for the numerical illustration. This study first
determines the maximum loan-to-value (LTV) ratio, and hence the maximum loan amount,
under which the present value of insurance premiums equals the cost of RM insurance. Table
2 lists the maximum loan amounts for borrowers in several age groups. We then examine the
sensitivity of the maximum loan amount to changes in certain key variables (see Table 3) for

a male borrower aged 70 years old.

Table 1 Parameter Assumptions

Parameter H(0) 0 T, T, T, o,
Value 1,000,000 2% 1.5% 2% 1.25% 10.42%

Table 2 Maximum Loan Amounts for Borrowers of Different Ages

Age Loan Amount Rental Income Remaining Value Insurance Expenses Profits

62 307,357 336,570 201,947 141,865 154,126
65 345,237 304,852 203,771 134,872 146,140
70 414,290 252,204 203,591 120,765 129,915
75 487,218 202,917 198,444 104,756 111,420
80 561,994 158,098 188,080 87,829 91,829

Note: The profit of the lender is obtained by subtracting the former three components from H(0).
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Table 3 Sensitivity Analysis for Maximum Loan Amounts

RentalRate B eome Ve Gponses oM
1.0% 503,967 137,883 201,409 141,572 156,741
2.0% 414,290 252,204 203,591 120,765 129,915
3.0% 340,018 347,448 204,837 103,532 107,697

Loan Interest Spread

0% 610,796 252,204 136,999 144,747 0
0.5% 539,570 252,204 158,089 136,577 50,137
1.5% 414,290 252,204 203,591 120,765 129,915
2.5% 311,934 252,204 250,725 106,190 185,137

Upfront Premium Charge Rate
1.0% 404,480 252,204 219,326 106,169 123,989
2.0% 414,290 252,204 203,591 120,765 129,915
3.0% 422,577 252,204 189,833 135,008 135,386

Annual Premium Rate

0.50% 365,147 252,204 275,897 53,226 106,752

1.25% 414,290 252,204 203,591 120,765 129,915

2.00% 438,385 252,204 161,081 203,458 148,330

Housing Price Volatility
2.5% 489,422 252,204 105,983 138,197 152,390
7.5% 452,058 252,204 154,524 129,528 141,213

12.5% 383,384 252,204 243,741 113,594 120,670

Mortality

L-C

(1.4 times) 462,557 217,707 202,591 109,736 117,145

Lee-Carter 414,290 252,204 203,591 120,765 129,915

I('(;(; times) 383,819 275,665 202,706 127,603 137,810

According to the HECM program, an upper limit exists on the actual loan amount,
known as the maximum loan amount, and the issuer can determine the actual LTV ratio,
provided that it does not exceed this limit. As a result, this study analyzes the profitability of
the mortgage issuer and insurance provider against the potential LTV ratios. Figure 1 shows
the relationship for a borrower aged 70 years old.

In practice, the loan amount is fixed when the loan is set up. The issuer must assess the
mispricing risk owing to the uncertainty of parameter values. For a scenario that assumes

maximum loan amount ($414,290 for a 70-year-old male borrower), the effect of rental rate,
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housing price volatility, and mortality assumption should be examined in terms of the value
of each component. Table 4 shows that an unexpected loss will occur for the insurance
provider when the rental rate and/or housing price volatility are underestimated, and when
the mortality (decremental) rate is overestimated. Owing to the existence of RM insurance,

the profit of mortgage issuer is independent of the rental rate and the housing price volatility.

0.25
— total profitability (%)
"""" profitability of mortgage issuer (%)
0.2 - ~ profitability of insurance issuer (%)
0.15

0.1

0.05

-0.05

0.1 I I I I I I I I I ]
0 5 10 15 20 25 30 35 40 45 50

loan to value ratio (%)

Figure 1 The Profitability versus the Loan to Value Ratio

Table 4 Sensitivity Analysis for a Specific Loan Amount

Rental Rate 120", e Bomses PN e
1.0% 137,883 277,664 120,765 129,915 80,517
2.0% 252,204 203,591 120,765 129,915 120,765
3.0% 347,448 152,880 120,765 129,915 165,297

Housing Price Volatility
2.5% 252,204 158,208 120,765 129,915 75,382
7.5% 252,204 182,908 120,765 129,915 100,082

12.5% 252,204 219,654 120,765 129,915 136,828
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Rental Rate Rental Remaining Insurance Profits Cost of
Income Value Expenses Insurance

Mortality
L-C

. 217,707 241,858 100,761 105,427 80,042
(1.4 times)
Lee-Carter 252,204 203,591 120,765 129,915 120,765
L-c . 275,665 180,049 135,722 148,204 153,930
(0.8 times)

Note: L-C (k times) means that the fitted mortality rate is multiplied by k.

This study suffers from several limitations. First of all, the Geometric Brownian motion
fails to capture the well-documented phenomenon of volatility clustering in housing prices.
Secondly, the assumption of constant interest rate does not consider the effect of interest rate
term structure. Third, factors other than mortality rate may cause loans to become due and

payable. All of these issues could be considered in future studies.

To achieve profits and effectively manage risks, it is important that financial institutions
understand the structures of their products. This study provides a specific process by which
lenders can specifically assess profit and recognize potential risks. Furthermore, the

proposed approach enables borrowers entering into reverse mortgages to realize the detailed

4. Research Limitations

5. Contribution

conversion values of their properties.
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Myix 1 ARENEEQIRIPEFRBIE SIS =60 280 — Z=HIERA

B 5t/ H
FHRMER 65 % 70 5% 75 B%
T EEAEEE (E50) > = > = > =
300 8,200 7,100 10,300 9,000 13,400 11,700
500 13,800 11,900 17,300 15,000 22,500 19,600
700 19,300 16,800 24,300 21,100 31,600 27,600
1,000 27,700 24,000 34,800 30,300 45,300 39,500
1,200 33,200 28,800 41,800 36,300 54,400 47,400
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