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strategy for couples with correlated lifetimes (Jiagin Wei,2021) ANNUITIZATION: ANANAL YSISFROM
THEPERSPECTIVE OF THE FAMILY (Schme-

iser and Post , 2005)

4. Portfolio management and retirement: what is the

best arrangement for a family? (Post & Grundl,

2006)

5. Innovation in long-term care insurance: Joint

contracts for mitigating relational moral hazard
(Zweifel, 2020)

T LIFE ANNUITIES AND ANNUITY DEMAND BY MAR
COUPLES (Brown & Poterba, 1999}

2.Demand for life annuities from married couples with a bequest
tive (CARLOS, 2008)
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« JOINT LIFE ANNUITIES AND ANNUITY DEMAND BY MARRIED COUPLES (Brown &
Poterba, 1999)

« This paper explores the value of purchasing joint life annuities for married couples.

It describes the existing market for joint life annuities, and summarizes the range of
annuity products that are currently available to couples. It then considers the value
that married couples would place on access to an actuarially fair annuity market,
and defines a measure of willingness-to-pay for annuities. This calculation differs
from the analogous one for a single individual for two reasons. First, joint-and-
survivor life tables differ from individual life tables. The life expectancy of the
second-to-die in a married couple is substantially greater than that for a single
individual. Second, joint life annuities provide time-varying payouts, because
survivor benefit options permit the payout when both members of a couple are
alive to differ from that when one member has died. The paper develops a new
annuity valuation model and applies it to evaluate a married couple's utility gain

from annuitization
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Demand for life annuities from married couples with a bequest motive (CARLOS,
2006)

The aim of this paper is to explain the annuities puzzle in greater depth by
introducing the bequest motive. It will try to determine whether this motive really is
a relevant feature influencing the demand for life annuities from married couples.
With this aim in mind, we develop an optimization model of the utility provided by
purchasing a life annuity with contingent survivor benefit or a joint survivor life
annuity. Our model is based on that first put forward by Brown and Poterba (2000),
to which we have added elements from other models which include the bequest
motive. This will enable us to calculate the annuity equivalent wealth and the
optimal percentage of wealth to annuitize in various contexts: the possibility of
access to actuarially fair annuity markets and the assumption that couples already
have part of their wealth in pre-existing life annuities. The bequest motive is found

not to be a significant factor influencing the demand for annuities from couples.
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o (HIKENRHAREE RN BN

(1) XFXPSARERTFHA?
—REANERFEELE: YRVE. FHEfEZE. SCUMERURISEASIIENRALEME.
(2) XMEARARRKRE— N EZELIXEE?

ARSHRF, ERARMWANEEHERIREREE, REBMABEBEAIER, KT EHRFX
SRMRIRIFERRUA, XEFESSEXEHREG
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- SEMEENAEENN, FEEHRERFERCTREEEEER.

 Yaari (1965) A9, FERBEBEINHNER TS, TARFEFEHETSEY, EEFE
B RIFEHAEREHE

« Mitchell, Poterba, Warshawsky#1Brown (1999) &I, — P EAEIRNG65Z 1 BRE A4S
FHESEERBENFEAN=22—1WE, ENEEATNBNFEmE, WTFEES
Hrisk aversion, FERIRFITTFESWNRIEZEE, WLFEORESREZ ST

» Milevsky#IRobinson (2000) FIRINIEAICTREUEFISRMIZRISEGI TR, &
self-annuitizationtbvoluntary annuitization{2 &8 KRIRaNIE;

» AlbrechtfMaurer (2002) fEIHEEEMAXEAEH 7RIURIES, TR TIAR
ZREMRAVER, FARIAXEEI KN, SN TEHRNFRIIAK.

+ Huanget al. (2004) IR THEEIREERIIER T, BEEBINEE RIS SEMANE
HIBER, (1B HES, NRXEEESRFT I EZTRIFIIRERSFES, 655HIRIA
ARFE30E T HEAGFLPRRZR 7 BEr =42 95 Y%RY T FF4R =R,
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FrrHEIRER,

« FEMA:. ERESFFECINA, TASRERENVERT "TeFel’ BREEIES
MAFIEFAIKTE, (BEIEd, FESUKFEIRERT, X—IECSINRIF B IFEETIE
L,

« XEBINEZENABEXNFEEHZNKABRL T U HRE:

« (1) The crowding-out effect of defined benefit systems AIgeEREENRR. EE
A& ( pre-annuitized wealth ) BIFERRKEXCRM T —EREERRF.

« (2) The fact that the private annuity market is not ‘actuarially fair’ , SEE£ANTEIR
=, —EADRHETHEEEE (Walliser, 2000b) , HREOEHTEE. HUEFIFIERIE
B, REEABIATERERIEEIERE, REEREESNTE, ERXMSHN—LEEER
HEFEE™IA,

ST F P

SCHOOL OF STATISTICS




ST F P

SCHOOL OF STATISTICS

P /KB

sy RENMIN UNIVERSITY OF CHINA

Introduction

« NENBEBNABRXNFEEERAEREL 7TV
(3) Individuals use family self-insurance, X{EftfiJEEBEREMRZBIDERE, MbE
(RFEERIS| 7],
(4) The perception of the accumulated retirement fund in the form of a lump sum
allows the individual to face the appearance of unforeseen future expenditures.
O)REEFRMNARERENAZSUERNARLIN GFHEREENTREFEIERE)
(6) T EERFERIFEERNREFBRRAT. TEREEENENEFEESTR.

( Lopes(2003) )
(NEEE AR EBRHNHE R EF S ARENRTE,
(8)1EE T
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- PAFEME: "PAKF" BERAREHI—ERD, XEI3RIMENT. DBEMTSRIFAER
BTG =E.

- BUERR: IBIARA RGN AP PR RN RD MEEIZ MR HEBRIRES.

-  EAEBEXRIFNFEEHSRET T FHN—TEERR, BRSO HRKERIEZ MR
HURR, REDEARKET BIRRERERERITA:

» KotlikoffflSpivak (1981) ERXEFEBALMIFRFIALTINAFEHIEK. XX
=, EETAWINAFEERNKN@E/NTIRI N ARG, X—ERFETXFE—S
£, EFE™mET, REASPFNXESEEFEmaXiEsErEo &N,

* Hurd (1999) RIBAF T XRENSEPEIGE S ARENBR F, BB MARIRERZE.
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¢« XRMERNY T X EEREAFANAFEFZKERAVAR,

- B, NMBTHERERTRANKSAEFE M NENFEmtHRB LARRE. B
BFEEESNMEEZ, MEXERACERIERM 7 EINHRNERS BIERE,

- BEoHEEEFESHEER, EENEREINRE—XNEEXRENE N ARERIRE. —3F
RS RRIO R SR EXO MASHRIL S BT E.

« XEERMEERENKESFEEGH. F—MHE T — 1" 8F/ A/EEERFEEEFE
MK, BRE—AWLE, B0 IBEEeRIER, 2/ "joint and survivor
annuity”

S e T—XMSFERERE+ , AW F2EHINEEHRER, ARLRAT, ENS 5 AbEFEHINE AR, Sjoint
and survivor annuityf8XAUFEZR(PRREE L IR TR

P = Z{A * S'”"":j * Sf.? + GE)#A* (SJ"J * (1 o S'r‘.ra.,j) + S'.ln,,_j * (1 — Sfj))}/(]_ T .")j

7=1
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The Marketplace for Joint and Survivor Annuity Contract

- F_FpEjoint life policy with a contingent survivor benefit (MffmiEEFINEELES A
R, contingent survivor annuity) , X#EEIRpolicydIXi#EX BllpolicyfgERiTF
H—BRRIENETEESEEE (primary annuitant) , {Bilprimary annuitantiF&,
FEZTHAA/ZHE, BE, @R primary annuitantftFsecondary annuitant?gT_,
paymentiE& ~fEEprimary annuitantszfJ&IAI—/\&B550. XJFcontingent survivor
annuity, MEFEEITRIINFX benefitRIRTESHRREE, RAEEBPRI—ALEERSE
EHEZEAXITRAIERE,

EIgN R T ERFSIMENE, ENYcontingent survivor annuityJ9:

o
P = {AxSpu;+0xAx(1—Sny)*Sp;}/(1+i)

J=1
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- HR, TRTEE, 887 — T xRENHRE,

U (C:m= céf) =Up, (C{”’ + o/ ) + Uy (Cgf +ACT ) Un (CE“ .cf ) =

(cr+acf)

1-8

1-5

« REAHANFEHIZAY:  Wo= (W 0% -0)+)

V(W) = max Uy, (C™¢ + ACP) + ¢Us (Cf +AC™) + (L+p) 1 (1 —q™) (1 — af )V (Wis1)
+(14p) (1 - g™ M (W) + (1+p) g™ (1 - ¢)F (W)

o KEHNEETHIZNT: Wi = (Wi + A - CF = C)(1+71)

+(1+p)7H{(1-

V (Wi; Apy A, Af) = max Uy, (CP + ACE) + U (Cf + AC™t)

q™) (1 = q" )V (Wit Ap, Ay Ag) + (1 — ¢™)g'™M (Wes3 An) + ¢ (1 — oF)F (Werrs A')

(th + /\Gg“) o
1-8

and U (C;‘ , 0;1) -

(1—q;") x M (Wisa)

M (W) = maxU (C") + (110

tf) * F (Wis1)

1-¢
F{Wt)zmaxgoU(Cg)-i— ( T p)
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Benitez-Silva(2003)igH, XoJgER

AT IRIFEE TR E R .
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X1F
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1. Yaari(1965)f5h, EEGRABERT, NREHEIEREDY, REFEE
SR EHAMLEMIERESNE, MsFEESMEEHT A
L

2. Lewis(1989)4 /& 7 YaaritY AFREBEESR, A EBXHBNEWE AHMS

3. LaitnerdlJuster(1996)IA B I HLSE MU L ELHNRE

4. Friedman#IWarshawsky(1990)& H 55it, BB FES R EUERNE
£MEXK, BMFEESMEREIE T LERTiHTE.

5. Friedman#Warshawsky(1988)35 1, EEVIFAEFRE A SRENESIEBE
ANT B TR gRESEE N AMIEES.

6. Jousten(2001) A I E WHI N FEN FL£ERNEEEF REMNE~IER
7. Lopes(2003pA 2B o] B ZRREER K, TJUEFERZEEEH
BEKREH—TERE

1. Hurd(1987pA AR Ea1tl N 2 EA NIRRT SITAREEEM.

2. Hurd(1989) X IRt T #t— P my 35, MEIFEZEREREEBARN, B
AT EARE, REENEEFRBEEREREN.

3. Bernheim(1991)3E 4, MEBRFA AT UEES Z IMNFITEEN WL
SN . EFETEERMAFRE, BABRENNA=SEREAITEEAZR
4. Brown (200la)Rst R sl ER MR EEMIRARPHNEEYH—7F
BEFELHNGEERREREENY T ELLELMIATNAERE.

5. VidalflLeja'raga(2004) 8 HE1E, E—1SIATEBEEH, HFIMATE
BELMEWEM N ANEGRAEER S, ROENMAEENLES
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{CFRF=EUEEE M. BRIEREETF BrownFflPoterba(2000)E5Ci2 HAgIEERY , FitE
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o XEIEICRIFNBRXFE—FERNREFEDE—HUTEARER, MEEWIFEEHIR
BFEZIENZITFTA

- ZEMRBIIHR, REMINAENAIDEMAIFRENME, LIRS HmERKIEE
=K. EXRIgE:
(1) XXKRETLASEIINET Y E S ERIEZSFET.
(2) BEBa, (BREFRIETAI I gEEE~4a9%0A.
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o FEFY
RE (e cf) = Un (Cim+2C]) + oUs (f + 2
BigRELETHNFETH, BIENBEWEANRENEE, WBZUERA
A ;. 2
L U(CT,C)S"S] + U (C0)ST - (1—8)) + U0, S/ - (1—8™)
max ) , '
C =1 { I -+ -f')}
.
T NW, - - - 1
b [T g (=SS al (=SS SLy - df
(1+0) | )
e KRB A ; ,
SRS F AT B (2)
XS RIBOEEE R AR ,
.t Wiy =(W,—C"—C/)(1 +1) (3)
T ¢m _pef
Wz Y S50, vis0 4)

=1 (1+r)
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3. LIFE ANNUITY INSURANCE VERSUS SELF-
ANNUITIZATION: ANANAL YSISFROM
THEPERSPECTIVE OF THE FAMILY (Schme-

iser and Post , 2005)

4. Portfolio management and retirement: what is the

best arrangement for a family? (Post & Grundl,
1.JOINT LIFE ANNUITIES AND ANNUITY DEMAND BY MARRIED 2006)

BARBIFEAS 6. Optimal consumption—investment and life-insurance purchase
strategy for couples with correlated lifetimes (Jiagin Wei,2021)

BT LR COUPLES (Brown & Poterba, 1999} 5. Innovation in long-term care insurance: Joint
ERTTIR AR 2.Demand for life annuities from married couples with a bequest contracts for mitigating relational moral hazard
motive (CARLOS, 2006) (Zweifel, 2020)
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« 6. Optimal consumption-investment and life-insurance purchase strategy for couples with
correlated lifetimes (Jiagin Wei,2021)

« This paper presents a technique to solve the problem where a couple aims to optimize their
consumption, investment, and life-insurance purchasing strategies, thereby maximizing their family
objective until retirement. Assumed correlated lifetimes of the two wage earners are modeled by
using both the copula and common-shock models. Subsequently, closed-form solutions are
obtained for determination of the optimal strategies in both the copula and a special case of the
common-shock models. As observed, use of the copula model is more advantageous in its provision
of closed-form strategies and ability to distinguish mortality impacts. The optimization problem
considered herein is investigated under a Markovian setting and solved using the Hamilton—Jacobi-
Bellman equation. Numerical examples are also provided to illustrate the utility of the proposed

optimization strategy
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o REREANRE—TEERARIO, TINMHEY, TAMARNEASRS, ETHIXIET, <EEA]
LRISTHRERISS BN
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. Problem formulation

"BREE BIEEERMRE T EEERESMERBRAREIRARNKRE, &
eI —%F, WPABWIAGSRE, LASHMEIT D ARGTXEE, ASOAAHEDNARTHE
FRINEAERY, Ft, IR ABREFITE T X AT LA AR

- WRUAMIA,

- ot
T1=T1/ANTo P(ti=t)=¢e Jo Ailz)dz

T2 = f’g f\fﬂ.

dB (t)
B(t)
dS (t)

5(1)

(2) common shock model:

=
,JL. F—KJE

SCHOOL OF STATISTICS

Fi(t) =P(r; =t)=1-— o~ Jo #i(s)ds

Thus,

Ai(t) = Ao(t) + Ailt),

= r(t)dt,

= pu(t)dt + o (t)dW (1)

(1) copula F(ty,t;) = C(F(ty),F(t3))
Xo(t), A1(t), and Aa(t)

i =0,

1=1,2.

1,

2.

dX; (t) = [r (D)X () + (u (6) —r () u; (£) — ¢i (1)
—ki (t) + 1; ()] dt
+o (t)u; (£)dW (1), t € [0, 5; AT

Define the household wealth as X(-) = X;(-) + Xa(-).

that
dX (t)+dX,(t), ft<tArAT,
dX(t) = § dX5_(t). fr;<mand AT <t
<13 AT, i=1,2.
Hence, X(-) must satisfy the equation
dX (6) = {r(X ) + [ @) —r®]ut) — T
X [ (0) + ky (£) = 1y ()]
~Njeary (€2 (O) + k2 (O) = L (O]} dt
+o(Hu(t)dW (t), te]0,(t1V 12) nT]

where 1, represents an indicator function and u
Tiecr)-

(2.1)

It is clear

(2.2)
Zr 1”'
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Problem formulation
o ELCIEIERA0T:
- FHEREL ki (T7)

X(t) =X (1i—) + :
(% ' i (Ti)

x]”'

UXx)=—x>0, vy <.
vV

- EHEENREEEE
() =(1(), (). ki (). ka (1), u())

A= {:r () e (R+)2 x R | 7 (-) is F — measurable and

T
E] u? (t)dt < oo,
0

T T
Ef |c,—(t]|dtc:cx}.Ef |k (£)]dt = oo, i=1,27¢.
0 0

Ty T
J(t.x:m (1) = E; [f] wie U (¢ (s)) ds
t

AT .
—|—f woe~ U (3 (5)) ds
[

+w31[r| VT2 = "J"I'E_a”]-v.rz}

x U (x (11 V 13) + Z 3; z]

+ wdllrjvrg}-?’}e_aru {x (T”] ’

=TTy })

(2.3)

where U () denotes the utility function and w; = 0,i=1,2,3, 4
satisfying > *,w; = 1 are constants reflecting the relative

importance of one utility type with respect to another. The value

function can, therefore, be defined as

V(t,x) =max]J (t,x; ().
meA
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BAHRIAEAE 6. Optimal consumption—investment and life-insurance purchase “LIFE ANNUITY INSURANCE VERSUS SELF-
strategy for couples with correlated lifetimes (Jiagin Wei,2021) ANNUITIZATION: ANANAL YSISFROM
4. Portfolio management and retirement: what is the

THEPERSPECTIVE OF THE FAMILY (Schme-
be rangement for a family? (Post & Grundl,

iser and Post , 2005)
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EWEITIA R 2.Demand for life annuities from married couples with a bequest contracts for mitigating relational moral hazard
motive (CARLOS, 2006) (Zweifel, 2020)
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.- 4. Portfolio management and retirement: what is the best arrangement for a family? (2006)

¢ In comparing an immediate life annuity with a payout-equivalent investment fund payout plan (self-
annuitization), research to date has focused mainly on shortfall probabilities of self-annuitization. As
an exception, Schmeiser and Post (2005) propose a family strategy where the chances of self-
annuitization (i.e., bequests) are taken into consideration as well. In such a family strategy, potential
heirs must bear shortfall risks, but in return have a chance of receiving a bequest. This paper
analyzes under which conditions heirs will be willing to agree to a family strategy. The idea of a
family strateqgy is integrated into a realistically calibrated intertemporal expected utility framework,
taking into account risks arising from stochastic life span, asset returns, and nontradable labor
income. A family strategy is shown to be accepted for many parameter combinations, especially in
families with low marginal tax rates, if the heirs are wealthy, or in a case where the retiree has an
average population life expectancy. We also work out how family self-annuitization decisions
interact with asset allocation, saving decisions, and labor income risk. Under realistic conditions our
results support two explanations for the empirically observable low demand for annuities (the so-

called annuity puzzle), namely intra-family risk sharing and high cost of market-annuitization.
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. Introduction
o EEMAMEEXHSEXEETAIRRFNERE . the purchase of an immediate life annuity or

self-annuitization,

+ self-annuitizationBAARBGEZESREFTIREES, ACHRENESIHERE. XFE
BRARTEEHEDEHEEEANREYE, BHERAARIESAEIETAKEX.

» NEAEZXRTEFESHRBAVERXG, FRIAEBREX(IFENER T, BUeEXEE
MY, (BEREEZEIERR. XMERERFEARIRIE, it 7RI, —7omE, BIAA
RAnREEE MR TR/ SR BEES I EAE (HIEK) MRERBHNAESSIFER

(FRRXEE) » B2—HE, BRARATSERETAEVE (%)
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« SchmeiserflPost(2005)IA8, MATEENBERFEHESHHFESHREREEBEIIER.
S5EaENESFEEL, BRFERKBEIET —1MMs, NR—PMERARIIEEEIERY
®BiK, BAMHBISETUE. A, EXBERFESHRIELIEAARBAEAFIBIGIR
Xibs, HEUCRTLAZ SRR AN (ZRAXEVE) BEEBIXAXG,

+ Schmeiserf1Post(2005)i2H 7 —FHIRIEREE, BEP4OR NEBISFIXE. X—RIERY
HERETERARIBIERIZERKAGNFE L, MER 7R EE, MEXEk
REGMHNHREN, HRERABERSZST M REES, ArES5SREAFEHERRZHR. &
XFRRERIET, RRBBERAVIEIBE ERARBECFRSERNXE. A, S5
REAERNZE, REFNEIEHE—BPoRERE. FKEAAUTEERIEFEIIMRA
(BigzREREHMEEXIFRFIR Z A (IR ENERE —EEEREREEFSE) (Kotlikoff
F0Spivak, 1981),
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Introduction

o ASGRHBIREFRRSSchmeiserf]Post(2005)FriEiARIZEEL,

- BRE—TEABA, EOESFKBIUSINR, BAAIEECEESA. MHIEF T —EHE
NE, tFIERAXLEUYEERRS (HIEXK) . ABR, =& T PfhERE:

- FEEEHER: EECIIREARKAE], (FAEHR, ERE—MmEREFE.
B_IEIRERENREE: BAAREECIIRIGBIRAN, HRNFRE(THEIATEREESHITIN,
TIRIEXESZ T, HRAMRZEAERBIEIRIRGR, XEREX—RIERBEREAREED—TEE
ENVENER TA&E=RY.

- YR ANBGERFEE—EBENTHIRERA . RMMIEEREAFAEE, MK EEEES. 2B
FESHIXENRETFERARAIBEESIVESRINEIK, FEt4ERAB U E=RELD. NRIEARA
RVEMHARRIIK, SERAHIAREAME, MEEREXTER

o GURARMUWIERREE T RBEFEIR. FoilA. ttECHNEFBLUNKEARARISET. MRAEEERE
HERBFEIN, WERANRRTELADEERZHENERENER R —FRBE/EE
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. The model framework
o AT, BARARRR AR EHEETBREHE /S - R AER . &
T, NBEERREREE, FrEEMMESEUR X ENHRGES IR, HRATEMERIRAY
EmERPEXMEERINA, FEREER oA REU(C), FZzUaT:

T—mx

U(C) =) 8T, (C)

t=0

» TERREAE, xFRaSRigR, SRAEMWIAIIREF. REEET, NxHERE:

G e _
? log(mﬂf), with v =1
Uf (C/t) = o 1—
}

(-:'_ .i}f —L

= otherwise

- Hrp, y®F/Rconstant relative risk aversion; CH{UREIZIFRXGES, FAIRIEEERAKER

TUH{TIEZEE,
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The model framework

HEE AR, WRALIAEBZEZ/DXRE 7 EiEE R SRR EEBISEEN ST RE), WRAFABHIRUEW,, 1
#h#R 9 "cash on hand”(Deaton 1991), MNRAENRESSRERR, T HNSKBETIRRAAREZIRRZEPIE. FARIR,
b/ REFEIRRA ST —HFAEFFRSAT), RBERARARIKES,

tEE S S LTI ENNGR R, F—EXERZtGlat, FREXREHRRT, ER(1-a)ASRZRETLXEZEIRR /.

A VBIRUUR A FAUEEE S mmsIe e, RGBSR Lt, IEMERXEI64S MR A SEERFENEIN, 1ot, ATREORMKAR
FEREESEE TR A TES T T— =0, TRIGREIES (1 — o) SHERE DEAIEIAS (col,) —FEA

PERNVUFREMESES SRENE, MHTRURSRE, RALESERENEEAN MEEEEESHENAENER L E.
B, RN RERHFEI RIS ALRER:

g}gEu(U(CD



iRz s BILA T BR&L:

Co=Wy+P -5
Ci=S8i1(l —av1)Rp+ S 1as 1Ry 1 — A1+ Le 1 — 5
ﬁ}t
Vit e {1,2,...,T — z}

SET /AR R TEPRS:

colg < Sg <Wy+ P
coly < S, <W, VvVte{l,2,...,T — =z}

SRR LIR
col; <S5 (1—ay) YVte{0,1,...,T —z}
HERIEE FEE==AUBRS:
0<ao; <1

WHEREZEFENIHE, ASFTBRARNFESSIH, JENAO,
BISRE P, Ay, col iIRE N0, B3 T Az REREISE AR



1T P

SCHOOL OF STATISTICS

RENMIN UNIVERSITY OF CHINA

The model framework
- RIBETHERANERSHEE

Table 1 Base Parameter Configuration

Parameter Value
Age of the retiree 65
Insurance premium P 300,000 €
Collateral atr=0 colp 395,777 €
Annual annuity payment A 20,514 €
Age of the heir x 45
Maximum lifespan T 121
Mortality Population average
Relative risk aversion ¥ 2
Subjective discount factor ) 0.97
Marginal tax rate 0%
Inflation T 0.0263
Log-normal stock return R;
Expected return E(R;) 1.1502
Standard deviation of return Std(Ry) 0.3157
Risk-free return Ry 1.0481
Log-normal labor income Ly
Initial value of the heir’s income profile 30,000 €
Expected income E(L;) Life-cycle-income profile
Unemployment probability 1%
Unemployment/welfare benefits L 8,000€ - (1+n)f
Standard deviation when not unemployed Std(L7) 20%
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The model framework
« solving technique

SRR ARV SRR, X MNEEEAYBellman STREEI T =" AEZE: BEt, cash on handW;, BAENAERRES
(a=alive, d=dead) ; Fpl(p))RFEHEE (BMAE) NETZEEZSH FHZIKEIER, BellmanSfR(FviEniMERE)HE FIAE:

=0, 1, .., T-x-1

V(W) = max {U, (C,) + p[0E; (V31 (W) }

g, Ly

subject to constraints (4) — (7), if the retiree is dead, and
V(W) = max {U; (C) + pid [piBe (Vi (Wesa)) + (1= pD)E: (Vi3 (Wen)) ]}

subject to constraints (4)-(7), if the retiree is alive.

EE%E_’T\E‘THH ; ﬁﬂ%ﬁﬁﬁﬁ%?ﬁfﬁﬁ : ’fﬁ{E@éﬂ EHUT—x (WT—H:) o
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The model framework
« solving technique

Bellman5AZ(8)MI(9) M eEFRMEIT oiEIiE, RILKATHERDZE, EXFERFENT,

First, at each pointin time ¢ the W;-state space is discretized into I € N points W} withi = 1,2,..., I. The upper and lower
bounds of this Wf—gr’id were chosen to be nonbinding in all periods.

Since in the last period, i.e., at t = T' — &, the value function Vi_, (Wp_,) is given by Up_, (Wr_), the numerical solution
algorithm starts at the penultimate period, i.e., at ¢ = T — 2 — 1. The Bellman equations (8) and (9) are solved for each W}
using the Mathematica implemented nonlinear optimizer NMaximize. For each W;" this yields the optimal decisions

af (W), Ci (W) and the function value of V; (W7).

Next, a continuous function is fitted to the points V} (Wt“) which delivers a continuous approximation of the value function
Vi (Wy). Finally, the problem is rolled back to the preceding period.
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- ANEFRATLIREZRESRE I welfare gain (8kloss) Fx. MTARHEFWIBUEW,,

T EERANE s

80
70 7
60

welfare gain AWoTE

10 A

0
1

-10 -

50
40 ~
30
20 A

welfare gain insurance load

(224; 0)

0/ 600 1,100 1.600 2.100 2,600 3,100
cash on hand Wo TE

Fig.1 The family strategy’s welfare gain AW of the heir in Thousand € (T€)
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- A, EIETeERMAIERESEN—EENIES/IBETIEAEERR,
. BRERTt=0NRETHTREK.

risky investment oo

risky investment of (So - colo)

risky investment without background risk

100% A

80%

/

60% -

40% -

risky investment o

20% -

Oc}/ﬁ T T T T T T T
500 750 1,000 1,250 1,500 1,750 2,000 2,250

cash on hand + insurance premium (Wo+ P) T€

Fig. 2 Optimal decisions of the heir at + = 0 when participating in the family strategy: asset
allocation «
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- ETE3H, KB Tt=00dRREEERK.

savings So/(Wo + FP)

savings without background nisk

savings above colo: (So-colo)(Wo+P)

< N9 o

95.0% - 7504
_ 948% A - 65%
o, .
+ +
= . - 35% =
= 94.5% - =
% - 45%, ‘i
2 943% - h
- - 35% @

0% I - 25%

933”/.;. T T T T T u Ijuf;}

500 750 1.000 1,250 1.500 1.750 2,000

cash on hand + insurance premium (Wo + P ) T€

Fig. 3 Optimal decisions of the heir at 1 = (0 when participating in the family strategy: savings S
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« Kwak (20114F) AR TR, BHEMNASRGWIAIETERRES, ZREH—BLHNE
() FI—BZHFA (FR) Bhk. STHEFARBESRREAITRILTRT A BEERG

« HanFlHung (2017) BEESHETIFIEMEEEKERE, A— 1 H—8 LEHFERM—EXE
FAHRIREFIE F RETABE. RENMAFRIGESERES.

« Pliskaf0Ye (20074F) . Ye (20074) . KraftfOSteffensen (20084) . KwakZA
(20094F) . PirvufdZhang (2012%) . ParkfdJang (20144) . Kwak#OLim (2014
F) EEBERHT 7 RURIHAR



Abstract

* Innovation in long-term care insurance: Joint contracts for mitigating relational

moral hazard {<EFIFIR{RISAVEIFT BEXREIBEEXEHNEKSRESE

- BM Pauly (1970)RYFFEINMESTEALLK, iE@EKISSN—E#ITEE SEISHIHPE (LTC) RIS
hinRRERNRE. HEREEXISRIMNERSERA KRS AREENRR, . W
Fms, EEKENEIEEHRT BRI T BSINKHIFRRTRDREIFIEIVIPE ¥R B
=, EENEHNZNENEER VAR, HIEZAREIFEPIERR D (BEEk) IERIK
HAGRPSARSSROSZ L

XS LTC (RERAIEER— 1 EEMEIFR, FEU TR MEXR MR BNERIXER, 1%
BRI E B HARIG. RIREHRBIERIABERRA “Senior” , MEIRERRIKAIA
AJ g HAFIETVERIRAY A IS8R/ “Partner” (BoiB. HREMRHFERR). HTESH
LTCIREG{REE{FEseniorfdpartner@ITRE, MARINFRE, ©rse&ERMH A,




« EE—/Seniorfl— M RIREdnEKMIpartner, 1ZpartnerGi83K1SseniorfiEr=, 1B
EENXAHE R IEKEUATSE VNM FEREL (HREEAEEY) , —EE LA EARESE
EF [TC BUXE., AmNMsEETLUEERESE AR E IR SE LTC (RS

- TEEZ T 8RN AR RAYRTEZ. Eperiod 1, RIEAE (IC) HseniorfZHLTCLR
fo (BERAFHREEIMIINZER)

1 2 3 4
-
IC offers contract IC offers contract Partner Senior (partner)
to senior, who buys /  to partner, who buys Seltf_ i neec?s formal
at 7, = kK p, anticip- Jat p, =Aq, taking taking LIC “".lt.h
. account probability p (q)
ating e by partner account of e and / of I at cost N(e) and

(not committed) M, respectively
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- HRATEWL
- IBINE--->1BIARD
RF. KL (FFRR) <--->KE (BEXR)
c FE--->HTEE, FREAE (REHER) « BFR (KHFEER

- RIZHL

« FARMRIR: MERIRFE MR, BIRSETEAARAREIER M
- AEER: MEEFRZIBEHIFZR

- FECRRIR: NEMREIFETRIERIATHE

- RN
- HBURERELEHREY
- RITTERIRRE
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- ETFKE (fligR) XENREZERENXEEE
(1) WAL BEEREIMNERIEN (EEARE)  XEBRRKR (FRARE
EHHIRR)
- hERXFENFEEZ (2+2+2) | EZEER TS
- =RRIEIRR: BERAFE
(2) =BRIR
o TR RAKEERRIR: ERMNEARRIRIRRITRE (WFRERMAYEN)
(FEFIFZRREY)  (RUAEEY)
(3) HEXMREIR
« SETRYTEXMAAR: copula
o KEERVHERMEIAT: MRIIHEIZFA
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