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Abstract

This paper investigates the risk effect of the product design of long-term care insurance.
Specifically, we focus on analyzing the changes in risk characteristics resulting from
different combinations of long-term care insurance with annuity or life insurance. We use
value at risk and conditional tail expectation as risk proxies to evaluate the risk margin of
different product designs. A continuous-time Markov chain model is employed to model the
health status of insureds. We find that the combination of long-term care insurance with life
insurance reduces the risk margin. By contrast, the combination of long-term care insurance
with annuity increases the risk margin. However, when the adverse selection cost of the
annuity is further considered, the net risk effect of the combination of long-term care
insurance with annuity actually decreases, because the benefit of lowering the adverse
selection cost outweighs the increasing risk margin. This paper provides an effective risk
management tool for life insurance companies to more effectively control their liability risks
and offer more innovative retirement products to society.

[ Keywords ] long-term care insurance, product design, risk effect

177



R A BB RA LR R 78 o 3 st LR OR 5T

NI

ot A R N+ 7P R AR L A S - T
A it & HERE I 2K Y R IIREARE K - 23R 5t & Pir 11 B9 31 2R - ARIBE PR
EEERZREE (2009) HIERE - EEAYERE AN LI EAEDL 20% S ERE N - ZEKEE
ANETANBURFAE 2021 525 64 BN - RAKREE N S #5555 DL RS M5 ) IGE TR 5
BAERIY - BERIEEE MR B AN — R EEE -

ol & REAR IR AR R bR TR K - 2EERENRE 84 FHEHEE 1 REGER K
RIRRE » STAE AR RIS A + 25 2015 47+ 5 502 AP
[H54) 55 B0 - CRERIEARIBTEENS 152.9 (87T + S SIS (R BRI A1) 0.32% 22 1
Foil = F R IE ~ e rbE - ASREE AR 2 R E AR Bk 1
AILAEH - Emie a3 R & A B ER B AR B ELi - A\ St aO R B BB R B
ANEE SRS R b BLE BRI R B - DL 2015 501 - NS R RE A S
2 8596 (HUT » (FEuEsE 342 B - 1 RIIREAREf 22 0 RE ISR 21 (BT - 1+
WA S il - 47 (RIREA R AR 2785 (7T - FPFUIFITE 24 B - 5
R CR e TS5 B A e Ok v 85 (0 MR B 8 22 ] -

£ 1 REBERE - F2RE - ASREBHZHRBUARGR

FERR REARRERIR IR AFRE
FE REBEUA 8 REWA 8 REUA HE
2013 33,448 299 203 66 72,245 2,935
2014 19,985 128 370 92 92,043 3,186
2015 27,852 244 210 51 85,963 3,428

i REBWABRUAHEETET  REFBEMLRTH -

BESEEGEANRIARET K - BIEIFEREIRABIBERN - ATLEHRE
PR A T SR A B e S A i = R R O B - (AT » (R 3% B HE & Y R SRR IR
b AERARG L - e RABFRIAKBT K - 5B AFILDERAMNE » #2mFE R
R -

Brown and Finkelstein (2007) ¥f3EE KA RACR I 135 2 T8 SKIE A A7 - R
ARRRA R b Y = R B DA AR T - B3R B IR RA (R P 4% (R N BB 0 » Brown and
Finkelstein (2009) #—3 DISEE] RRHVE R EERE R - 5 & BT RE OR i i) (4G 1 B 75
SKIEGETT T - W FeAG R B A R RE - (a2 RN R E & AR (R
B T ARRIAKGERBAVESEM - MEEEHL G IR - ALEEE T RG I
AT AR E R IR R b TS I R » B4 - Murtaugh, Spillman, and Warshawsky
(2001) FEHRIARBR RS Gl ] IR EFE SR AIRE - DL K IR
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{Rb ) B B AR B AR R RE » Davidoff (2009) 175 K e 7] Hr i B = A IR RE A7 e Bl
FEEPRHILFHER - Webb (2009) 2 15 R 5317 = H IR RE O/ gl &5 4 <2 b w] AR AR W (8
S5 i T ) 5% B 504552 F2 R E - Brown and Warshawsky (2013) B BE B #S & R EEE G
bz DL AR O b fife B E R (R OR BRI AR CRET ] - e ZE RIS E B ENE L - 3k
R Z2 30 R b £ = 2 HE HE = PR AR (R B B K B S5 B il S P o o

SR TTTT 08 25 SR 0 = P R O o 5 1 [ O o o S DR B 1 RIS el B 2 2 B AR
V&R - HRBATIME - BEREELA RS 2RI 2IFFEER » £l
T R 2 R A A B 2 FH ) = A HCRE R B P o - Ry 4 L RARE - A se 7 S R B
R PR B s 5 1 [R] P o 1 o SR B SR B B AT WEERET PR B 2 B RT 28 i % 5 1 B
R BRI S E MR EEERRE - G0 - /R aEtAaE L - RigAF
o] DLHEH R HAFREE - 5 f7F% '(Long-term Care Annuity) ° S59h » {EFEERIEHKE - RigA
AT DA b W e R g B A R — e R A - R LR A (EAS - AR FEAE
] S SR A (e B R RE A » B DI SE MR R R N EI R L A T SR B A (Y
BRI AR bt SRR AR AT A R E RS - Wt — 20 PR R e s £ 9 B B
53 SH S A B R BB PR R o AR - BRSO R B RS L AR B b - (K
i 5 T e A AR R ORI DA R (e IR s RIS & R
b - EHAR L WA CR B AG A R IEAERR - HEEZ RS R E S mE g - (B2 —2
FE R R R R AR R R A Ha E R e R E 2 FrARE
TR P s 75 B B B T & B OR B A R RS RS A (LB T o [RIIL - R = PR AR OR B
s e A < OR B % B B A [R) — (R i CRB A ILTRE KA 53 7 38 6 R OR BEAG N R OB A

KWFESLS s AR - BRAEARTS A0 » SR ECET R SURREIE - 582807 /8 (5 S DA
FEHE T SRERETR BUERS R AT 1R - Ry AW ZERIASsmEd e -

&l ~ THRRELER e
— ~ fEROIR B R
Levikson and Mizrahi (1994) §HEE R n] K8k n] DU 2K EHE IR R R b R & LA
Je FABR L (R IR RE IR A RS LAY o (Rl - S8 25 SORRTE B (B IR RE I B AU Iy
K2 {5 FH AR S P R Bk AE e B IR REHEHLS Y (Albarran, Ayuso, Guillén, and Monteverde,
2005; Baione and Levantesi, 2014; Brown and Warshawsky, 2013; Czado and Rudolph,
2002; Haberman and Pitacco, 1998; Manton, Corder, and Stallard, 1993; Murtaugh et al.,

1 Murtaugh et al. (2001) $2 [ HYRBAHGRAE S 00 BE - EE P a5 T & AR AR i B R IRUBR AR B U 76
fHEARIBIFTERER -
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2001; Pitacco, 1995; Pritchard, 2006) « AHFFCAEAE EF TR » J1MeE FH HAE B mT R 8RRy
PR R IR RE R

R Al R g E — B PE AR R - 5 AT S 80— i 43 oy >3 168 I 7] B e s A 0 o e U e
(Ross, 2009) ° TEF& M (1) 3= x BRHYALERFIE ¢ IFREERGINRE - EFHIRREH 1,2, -, h e
IRRE 1 ARAEFIRRE - IRRE 2, -+, h—1 AREEARIEERIRRE - IRRE 1 (REST - M (1) Bfi
SCTRRAE - DIBEEEAN T

P{M, (t +5s) = jIM,(t) =i,M,(u) = x(u),0 <u<t}

= P{M, (¢t +5) = jIM,(t) = i} (1)
Hrps, t>004,7=1,2,, h° HILFME > BMOTDUERE
PY(t,t +5) = P{M,(t +5) = jIM,(t) = i} @
R R B T R BIOE AR RER ¢ ACRERE s PR R RE ERRE A A8 ERREAER -
TR FEHE AL BRI E (Transition Probability Matrix) FEFEAI T :

P (t,t+s) - PM(tt+s)
P(t,t+s) = : " :

Px’”(t,'t +5) P (t,t+5) 3)
FITLL P (¢, t+s) By x BEAE R ATERIRE ¢ ZIFRT s AR REBERS B R AR - AR A8
AL B R T e AT DU SR B (Rate Matrix) Q (1) ZKETHE o HAERIEEAY 4, j 7T

# (Entry) EFEAT :
U(t) = lim PY(t,t + At) /AL, i # ], @1

ij Y ij .
L () = Alf-% P/(t,t +At)/At,i=1,....,h 42)

Hrp QY A BB LU IR - QF > 08IFFE i # 7 XM, Y = 0 (Ross, 2009) -

TR R o e R R RS B SRR B A BRI AR - T DAER DU e 22 4 89 /72 20 (Kolmogorov
Forward and Backward Equations) 3l » FEfl A7 AT LLZ27 Ross (2009) 381 % 391 H
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dp (¢, t +5)/dt = Z Pt +9)Q (t +5)
4 (5.1)

dp?(t,t +s)/ds = — Z QK (P (t,t +5)
4 (5.2)

PRI - EEVHIEERIER O (1) » HAr=0, 1,2, -, wx » w R RpE - W RELFE
— R A AN - JRE]

Qx(t +s)= Qx(t) (6)

Hrpo<s <1 ATDUGE Lt Kolmogorov 512 20 E H AN [F] R i F,R REEE AL 3R
FERE P (¢, t+s) - SEBHMERYRR - IREERS B RAE [H n] DU U N 83U (Exponential of
Matrix) Z€F7% (Ross, 2009) :

Pt t+s) = e%Ors (7)

Hrpo<s<l-

B RIEE 2 2855 + Czado and Rudolph (2002) {5 FH 28 5 & 4F (i B Fa A &
£ FEi#E Cox LB EFE RS (Cox Proportional Hazard Model) 175848 B ] 2K Sl 2240
F 283t © Albarran et al. (2005) HIEFIHPEPEA &R ST A KREIRREELGETC
AR RE RS m] R Pl SR A 22 5 © Pritchard (2006) F1| 35 EE BAIRERGRA & A ERL - 5T
FE R R girh SRR [ Ry 22 8 W20 R Em iR AL (2 5] BilE %L - Baione and Levantesi
(2014) (EAFAANRIZE ANARRER » 5 ama i e & RS2 2N RRET {d 51 =R AR
228 - HIfX Pritchard (2006) &8 (8 5 E A TR E BB R 28 - A RS R
S8 G - T H. Brown and Warshawsky (2013) 2 FH R - KA S [F
Pritchard (2006) Firfdigtafd NG A 2 BOEITEHE - A S EA R @ FIR
REMEHARY = JEFE (Rate Matrix) 515258 AN [F -l H IR RE RS H =R A 2

+ BRI R R SRR 51 BT )T ik
Ry R (LRI EH B A0k - ARk R bgia (B R - FE AR

2 Pritchard (2006) ZAHRBAZ2 ML ETEHAHRR BI85k - (BB TE 0T H BRI ML B B R RERY A
JE B o
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friafr (AR —8h—8 - (H—HI R AR E PR 7 A B R E ISR B ) -
A2 75 S i FE IR RE R AR R 5 BT EL x R iR AEEERARRE i - Hfi=1,2, -,
h—1 > Solvency Il & FE A BOE (551 (Best Estimate) ° fEAWIEHIATZ E 4

bR ERFENEEGE (5, REORERERE | ERFEREGR (5,0
oy (R A PR A B3 (5, S RIERRA -
w—x— 1
SAnnuity = E[A,(D)] = BAnnulty Plh(o t) 1+nr)t
t=1 (8.1)

w-x [ h—1

Sre = ELTCO1 = )" | D Bure() (B (0,0) | (1 410
=2

t=1

(8.2)
Suge = BlLife.(D] = Buge ) (p(0,0) (A +1)*
t=1 (8.3)

Hif o B, ﬁjﬂzééwﬁiﬁﬂmw f"ﬁ B, () s AR 1 i
MERRE J B IRRAG T + B =2, 3, B, B EFERIRIEE  r RITRE
A(D) BRI (TR - LTC () %%ﬁﬁﬂﬁ%ﬁ{%ﬁﬁféﬁfﬁﬁ T Life (i) B S35

FEATERAE © A (i), LTC (i), Life (i) FIZ=RU0T

Te(D)-1
A (l) — Annuity
o A+ 9.1)
Ty (D)
N Birc(My (1))
LTCx(l) = z W
=1 9.2)
.+ .~ _  Buge
Lifex() = 1+ 7r)&® (9.3)

Hr - T() By x Bt brbs ATERERRIRRE i THIEBRAR -

FAMHIE Solvency 11 FYH 43 \71% (Percentile Method) » DAE\ g ffir 481 p(.) Bl f 6
fhigt E(.) USRI R EERsEER - TR G R b « 7 Ehg - 2
DUz R LER o(L) BTN E R ¢
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p(L) — E[L]
§(L) =———
O =""Fm (10)
AHFFEE FH AN [E] 5 (L) BB (B (Value at Risk; VaR) DA G {F R EHEE(E (Conditional
Tail Expectation; CTE) {F & &l g 7 & 5% » Committee of European Insurance and
Occupational Pensions Supervisors (2009) 5% F VaR(75) 15 Solvency I I EHIE
TR E P  haER ] DU CTE © VaR(a) B2 CTE(q) BIZRRAT ¢

VaR(a) = inf{l|F, (1) > a%} (11)
CTE(a) = E(L|L > VaR(a)) (12)

Hrp o F () RefRbafa T RERE S L Z SRS AR - EC|) RRAHHEE -

AR T SRR L5 T RS b A B B R (B R B B - AR A Ay
fi FR AR REHE RS AR A - MR HH W OR P ATESECRTBY P A @ FR B IE 5 M (0), M (0), -+,
M (T (i) » WEtH A (i), LTC (i), Life (i) « A RERAVGEEEE 75 T 2% Glasserman
(2004) - FEANEEESBEAOT ¢
1 APBE 1 (R SRR O (1) T EEEREE ¢ AUTRREEERE BERAEE P (4, 1+1) » Hs=0,

1, e w—x °
2,085 2 IR R RN - A NAHR R AR ERIRREIE S M (0), M(0), -,
M (T (i) » WAt EEER A (i), LTC (i), Life (i) °
3. 28R 3 FIFHEANEREEET B AR ENREEET S, Sy S, SRR
EHFEIE p(4 (i), p(LTC (1)), p(Life (i) * M5 51 R BREE -
AWFEE A [El et T EY BB SR AETTBERT - S MTRGLaR e TN AT -
1. KA R Bt &8 B @ R 3 (LTCLife) BX,
2. RIARRECRIEAS & S RBAIREE (LTCA)
PEIF O A Rs[ml— A o FRAMAIHSEM-REEIEFTE LTCLife (i) B2 LTCA (i) » HH

RO g (M, (D) B
. . %L Life
LTCLife,(i) = < L ) + -
tZl (1+7)t (1+r)=® (13)
Te(D)-1
. BLTC(Mx(t)) + BAnnuity
LTCA, (i) =
; 1+7r)t (14)
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SN ERATTH IR (B 8 L R A REIRRE 1 5 - AT SR HERY LTC (i) B Life (i) » It
PR L P 2 S B A T R CR B » 55 5= e m it B < 9565 o P A IR Pt £
GEIETE )= 2

= SE B ORBEE R A Z AT

FH A T2 B B B AT < R B O 10 (R B Gl A M (= B R B IR 8 - [ATTT 3 i 50 e 3R
R MEB L EFEsEdaR P HES IR OEEERER  ERFESREHIRES S -
38 25 B 26 SRR TS HH S0 28 452 R RE 2 08 BAE < O B THEE i B =22 Al 2 — - Hosseini
(2015) FEHIF TS AYOEIER S S B E - B ARG e e ] DAR R0 2 R al
7% > Brown and Warshawsky (2013) B Webb (2009) Fi& H = H HERE b #5 & T S A —
FLIHEE - IR A PR AT LB MR E L0 — B S » FTAn DA EE S P E S
EREWLRIERAR o AWFSCAEEEE SR - BET RIABEA RS S FEe R 25 ARIK
SUIBE:SE I NI E S

B R A T EEHEEG RS R TBIBEESH 2 VORERA - EER
FHAFeEGE - FIESREBENTE 4 () FIRRAT

Te(D)-1
Ax(l) =

Annuity

a+7) (1>

T T (1) B AR A B+ LI AR i Pt AT R B« AT e (B e A
S RIRI IR A ST S R R FAHESE L3R 0 (5 Erf 0 < 0 < 10 Lo Heiiik
SEIBARE RN BRI IS L e RO R R R A A R IR RO RS
BB - R > ARRTTEES BRI AT o FRE S S R - H 5]
S EE A 4 (IR SR IR RS » (RIS (T BEDR LTC (A (i) © R (R b
G RIS A BN o MRS & R - PR A S S R
BT 55 RIS i (R o (R R RERS HE - R (RS (BB LTCAx(D) = Bl
o PR R R B R AL 5 2 S e S S BB - M350 B B s
S RE R - DU R RS S i U R A IR - ISh 0
T R s 2 e R B S B PR PR A 2 B AR o I R L 1
P T (T » 34 BB R B B p(LTC (i) +A (1)) 05
SRR BT B p(LTCA (1)) 22548 » DU (R IR i B R L B e e A
o PR R AR -
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PY - B RRETR 28 B O Be G A (B sk

AWTEH R RN RE at TG e B E R ~ #8k TR M HH A TEEEIFE ST (Instrumental
Activities of Daily Living; IADLs) » e =0&m%E EAEHE #ay HE £ 7ERE
(Activities of Daily Living; ADL) M4BT FCHEARRE  fK{E Brown and Warshawsky (2013)
TERIIMRRE R 2 #G 3% ET - AFRAE R FIRZ R R SR REIRRE M Ry RbERG 1T 2 -
FerbEtaft - REIARBE RGN A S E R REG 0 2 - HPESREEE
FREIRRE 1 £ 6 fRHLIG 1T - RIIGEALR b ARG RIRRE 3 2 6 2N RIRIEREEFS T -
R EEZmARAEE TRy (ARG 7) R REEHEHT -

® 2 BRI ERRIEIS (1R E

EESINS KBERRE RIGHEITERRE
1 SEERER FE2REEM
2 —IE IADLs M E FE2RERMA
3 115 -2 1§ ADLs FE2RIGHEN - REPRERRIEHST 1
4 315 -4 J§ ADLs FR2RIGHEN - REPRERRIGHM 2
5 51 -6 I§ ADLs FRRIEHEN - REPRERIGHEM 3
6 STEKHE FEREREN - REARRERISREM 4
7 T e Satald

Ahtelfak =TEbatEia (T4 - K S FRIRt B HEa(T 400 EIT - KIIRER R
AN FIEERGIRRE MR UL N ARIE - & W R b A AR OR BaAn (AR 1R - (ERERR
KRR 3 T EHIEEH 5 BRI - ERFRE 4 TREEH 10 BT IR
faff o (ERREEINGE 5 B RARRE 6 TRHLEH 15 BUTRIAMRBAGG T - o Rk Al
RO H AL 1 8 2,000 TTIREEMG T EEIZET ¢ -

2 BUERBREDHT
AW TR & BA MR [F] P e 5 1 3 PR B 2 W) B (8 L S8R S so s R B AR Y 52
& - IRFOEZ SRR » 35 2Eps hn # 2 AT B KR 9 2 4 g R [ BT » 1120 Pritchard
(2006) Kz Brown and Warshawsky (2013) » B {551 Z 4 A FUHE AR REE R EIAY
FEABFZEBR 60 5% ~ 65 5% ~ B 70 BRAF R T E B - 3% 3 BURTENFEFER T (60 5%

3 REPRITRHE R REE R aET R AE R = HE S E R LAY H TS RET) ZFEBEEr - et
EERaT -

4 Ry PR R i B R B R SRR - AW FERR AT =TI N AR 60 B ik prbe AN S T Rk A
HEHERCE SR HERFIFER -

185



R A BB RA LR R 78 o 3 st LR OR 5T

65 5% ~ 70 5% ) ° 0 #EREE A\AESE 2 R AR RERE 43 B B AT Fe s s T R B TR A AR B
¥ & ZmelE e R Eng VA EFHERCEGET © - BB R ZDIITEERE 5% - Rigta
TR RS EEEERR NHETETE o DL 60 sIuwi e sG] - 1558 2 EFEB R
T REAREGE A E T EREGEET R 1,619,658 70 » R EFEHEFESRENVEASE
SHERSELEE 1,608,949 TCA 1,620,955 IC °

& 3 TEIFRRFERTEBENRERBTIESEMEET

- BEE T Fi
60 5% 65 5% 70 B%
R HARRERRES 1,619,658 2,787,688 3,608,358
=55k 1,608,949 2,039,670 2,228,185
F2REE 1,620,955 1,303,017 1,163,865

¥ 65 RAIHIREE A KGR » & EAIERA (R b B A% B S b ny B E S E RO G AT 43 BIHS0
52,787,688 TTEE 2,039,670 7T 1M4FE<& (b HI A EFHE R E A E TR A B 1,303,017 7T ©
EIEE BN EERG R TGRSR - ELUHBEWEBIEKE » & E FR AR -
FHFEI R BRI R b R E s - R EERRENFEZ NI - EFESRER
RE GRS RENEZ TR o &R R EE O b A RIS E A e ke BRI
TR I AG S R LRy (REE RS S Al B AR th & DR B I B R IR R e

— ~ PR e S0 IR PR B S 15 A~ Ivl W o 2 BB SR
(=) 5 B — AR AR 2R

AW FE i SRR 60 BRIVHI IR A LSS BB AIE DL MBE Sk
gl & R ECE G R T L E (EE BE BR - WERRT R B A PR B i & EAbpa ik BB A b2
PREEE) - TR 2 BRI ANR 4 -

B A EEEE 100 F{EREFREIGERESR - STREE R R A EE = FH
bt OR b (B E RO FERR PREERE - FTEASIRANSR 5 - 3R 5 BURR VIR RA O/ b L&
HHE b irbaia R E R RECS -0.2779 - FonRiiERERIEAG (T 2 MR EHER &
I HA R (R B B B R B AR B AR B0Ry 0.2779 » R R fEBE TR (R B AG ( 2  Rs IEAHRE
Rl - &l R fR b B B b i EAa R — Wb A - DRl B AREERRIROCR

5 HRASCEZESITHEIRRAE )RR R IERIR - KIEEERA Pritchard (2006) HYZ2BUEETHER - ZIR
JA R BEIRREBHA ORI R E] - (HREHET 60 B LA R G FE IR REE R f5IAY -

6 AWrrEH R « B SEAEe fR b B Z OB i E HET /25558 Pritchard (2006) {diETHHY
SRR 22 AR AR Y - TR RS AT RBRIRER T - A DS SRR e A AR S i A A R B S A A R o
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AIDARH R B B REE B 5 5 A o R IR SR b B e R B - RS ERBEAG (R IR AR
FiT AR 11T & P2 5 B (e B B

* 4 A2 B MR

2HEE 1BRE%
At YNGR 60 %
R A LR R AKAE HREE 1 (R&REER)
RS A RERARREAEEY Pritchard (2006) {hEHE R EREL 8 (2 Ritkk a-1)
HIR=R 5%
REIRBRRRISIG(IETE HEAfRERARRE 3, 4,5, 6 BF » S BISEEREH 510 15~ 15 BT
& 5 EHETEYE EARRERARRE 785 (ZETC)  2BEN 400 Bt S#E(T
FRRGHETERE BFHEMH 1 & 2000 TREHEAERIFET

% 5 (Rigfe I RENERAREBIERE (REFREAR—REFRBABE)

faiE
RHEARERRIRES R 5 Ehkk FR1Rb
RHIRRRR (RIS 1.0000 -0.2779 0.2779
FEg= ]y -0.2779 1.0000 -1.0000
FR1FRRE 0.2779 -1.0000 1.0000

Fo b R BRIR A CR B v & i < R b 2 (B R B2 R 2 2 RS ARIE DL T i fd
PHEARAETT T -

1. $HE R A IR A OR b O BE B AE < OR B O BEAG N [RI CR by A (S 1 e S 1 8 17 ) ft
FRIRRENESE) -

2. HERIAWEEREE S TSR R AR — o 0R N 5 FE 2k — (R AR R
BE) -

FAMFIAH 100 E{EEEFREARGEEE » (55T LR EHE SRR TRES R - I
ZEEANE ST EL VaR B CTE i EERERE - & 6 Fhist = 2R IR (R b Bl <6 (R B i
GBS B E Z B E RSN - BUERRER - B DL VaR(75) Rkt =g
R 5 5 5 R A e I O B B 4 < i o ) e B 1 PR AL Ry 4,230,895 0 Al s PR Ry
992,870 » E\fEE R LRy 30.66% ; [57 BHSH & HYE e i EF515 5 4,046,900 » E\faE %
Fs 808,604 » FFEFE LRy 24.97% » AIE S & ERIAREMEE SR Sl inaE
JE\ B 52 B 184,266 ( H1 992,870 Eil 808,604 2 7248 ) - JAbE 2R LR & 190 5.69% (Bl
30.66% B 24.97% 2 72EE) - HF5LL CTE(75) B a\ba i &84 - AU & $H &0y m bt
R R 6,745,137 » BB R 3,507,112 » FhayBaSH A4 Bk L 1 194.506 (H[]
3,507,112 B 3,312,606 Z 7258 ) - JEBE R LRGN 6.02% (B[] 108.31% B 102.29% 2
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T B RRAR M T o 3R ST S R 2 R o AT

AR - BEMRSREUR - HREIRE RS R EA AR - RS EHE
ey BIsHE A B A FE R

%k 6 RIPFRERIEE S EERIGH S BIHE 2 & E ST A PSZFFLEE
A SRSy
Sy vy ——
bR iﬁ;gz ARErE ARSI ii;gz ARl RS
Mean* 3,238,025 - - 3,238,296 - -
VaR(75) 4,230,895 992,870 30.66% 4,046,900 808,604 24.97%
VaR(80) 4,790,754 1,552,728 47.95% 4,602,511 1,364,216 42.13%
CTE(75) 6,745,137 3,507,112 108.31% 6,550,902 3,312,606 102.29%
CTE(80) 7,306,618 4,068,593 125.65% 7,109,817 3,871,521 119.55%

* L BEGE R IEEA mean B 0 BRSSO -

R 7 RIPFRERIEE SR S5 BItHE 2 &E T E A PEZFELEE
AN AEIRNE
e T ——
bR iﬁ;gz AERE AR ii;g; ARERE MR
Mean* 3,226,378 - - 3,226,011 - -
VaR(75) 3,853,513 627,135 19.44% 4,088,616 862,604 26.74%
VaR(80) 4,378,237 1,151,859 35.70% 4,644,361 1,418,350 43.97%
CTE(75) 6,297,411 3,071,033 95.19% 6,589,664 3,363,652 104.27%
CTE(80) 6,845,865 3,619,487 112.18% 7,148,343 3,922,332 121.58%

* L BEGEEIEEA mean B > BRSSO -

7% 7 i RIATR A (R b AR B S S A S B HL o BIPH & 2 & E R a2 ks - FER -
B DU R AR Pl AT 43T
1. P8 R HANR A OR P R BE LA By 250 OR BEAR T R W ORBar A (S0 JEE 20 B R {8 8 v e
FEARREIEEE ) -
2. HERIPEERES G I ZSR AR EMGRE —w R CEFER I —(E #FEARRE
BE) -
FAIFIHFEEREY 100 EEAIEFRBEET A E 2R - R 7 ] DIEH
#5 LA VaR(75) Ry Ja\ b i S5 - 5 0 6 5 HA TR RE R b B A% B S5 b i Ja B i S BT Ry
3,853,513 ¢ ElfEE Ry 627,135 » JE\ PSR TEEREy 19.44% ; 14> BEEE B A e i & 15
B Ry 4,088,616  EUEERE R 862,604  EEEFR LR 26.74% - RIILIE S EE
[ 2 (R P B R 235,469 (BN 627,135 Bl 862,604 2 #4H ) - A\l I%K@tt/A\MJ;E 7.30%
(Bl 19.44% B 26.74% 2 748) 45D CTE(75) B iba i mfets - fSaHERNR
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SEREERE F27 5528 0

R O b B AR 5 S5 B o (0 U B8 PR A 49 B B B Y 3,363,652 T REE] 3,071,033 » Elfa& fR
FeRAIE TR 9.08% - BUEAGRET » R RIFREEREER BA &M - 7T
EEA R RIS S E L B B Rr) & E b -
(=) "W REEBHABRZXFE

HRER LREE SHERT L TR A - BT —2 5 81 2 (1
TR NG T - REBUERE R R EE RS R 2 - BT SR A4S 1000 AN
[FI 4% OB B R S SR+ B R HATRR CR P i & AN Rl b R R s st it Al b
PRIV - AW RED 1000 {E#E R AIERIRGEIES - STEREG A TERTE
HH o EE BB 10 BR% - A DUEE 1000 (E AR5 A B EREEHE ( E (& R g o il -

EEZEREGEAIT - MR 6 Bl 7 3k 8 Bl 9 WATE R 2 MR EUE B
BN o 8 BN 0 A5 LA VaR(75) ReJalfg i =I5 - Ah S B R IR RACR P Bl A B (R P
H JoEL B 17 B PR o 3,294,205,783 » JE\Bs & BE fy 53,611,770 » E\ @& BR LRy 1.65%
T 45 B 6 66 1y J g 17 B PR AR B F 3,291,351,937 » A8 MR 50,758,304 » Al &
FeERR 1.57% » DAL S 5 08 65 o 39 1 2 (8 B B 38 B 2,853,466 » Ja B & P =R 18
0.08% ° S5 LA CTE(75) Ry E\ba i S FEAE » 4l & 6 65 R R A O P B A < oy o0 R\ B 3 P
G HISHER 97,039,886 HANNE] 102,369,241 - EbE R LEREAN 0.17% ©

[FIRRHYZR 9 B - # DA VaR(75) B fafr S5 - MG E RIRE R R AL S
=g gy Bt PR AE Ry 3,275,961,361 ¢ JE\ @2 B Ky 47,338,929 » JEl g iE MR LR Ry
1.47% 5 T 53 B €6 i JaL gy S P A BB Ry 3,280,120,953 » B2 R 51,498,006 » il
b B IR LR Ry 1.60% » RIHLAS & 81 B & (R 2 (8 RS S 4,159,077 - JE\BE 8 BE PL R
1 0.13%  S5# DL CTE(75) FyJalba i £FE4E » # & RN RA (rbs Bk 5350 - S flJa
b E PR & 18 o3 B BH E Y 3,327,458,012 N REE] 3,319,909,399 [\ i bR LL =R Al &y 1 [
0.23% °

* 8 RENFBER IS S FE RGNS BIHE 2 il fhET B E P2 FREE B
] HEEHE IEEHE
EM‘E@:E IRl v ey . . B e . .

Eicf 2 - SRR EREERREER —— Bk RS R
Mean*  3,240,594,013 - - 3,240,593,633 - -
VaR(75) 3,294,205,783 53,611,770 1.65% 3,291,351,937 50,758,304 1.57%
VaR(80) 3,307,978,648 67,384,635 2.08% 3,303,945437 63,351,804 1.95%
CTE(75) 3,342,963,254 102,369,241 3.16% 3,337,633,519 97,039,886 2.99%
CTE(80) 3,353,459,122 112,865,109 3.48% 3,347,654,803 107,061,170 3.30%

* L BESEE51EA mean BF 0 ARSEFEER 0o
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R A BB RA LR R 78 o 3 st LR OR 5T

* 9 RENFBERIEHE S8 5 Sl o BItHE 2 il fhat B E P2 PR LB
] HEEHE EEHE
waéii Nl v =y . . B e . .

Eicfx - SRR ERERREER P SRR RS
Mean*  3,228,622,432 - - 3,228,622,947 - -
VaR(75) 3,275,961,361 47,338,929 1.47% 3,280,120,953 51,498,006 1.60%
VaR(80) 3,288,050,788 59,428,356 1.84% 3,293,459,624 64,836,677 2.01%
CTE(75) 3,319,909,399 91,286,967 2.83% 3,327,458,012 98,835,065 3.06%
CTE(80) 3,329,413,074 100,790,642 3.12% 3,337,675,541 109,052,594 3.38%

* BESEEIEES mean B - ERGEEEFRO0

It > FEZ AR AR - KBRS R E R b2 PR ILREE T - R
P ABEINES N RESURAERE  (ERG S I BRI R e T e R b (e il N &
wJEE o A I E R IR R b B S S s b & e (R A R -

T~ eI OR BERS 5 £F B DR B B k% B 55 B8 0 1 47 A

i8Sk Brown and Warshawsky (2013) B2 Webb (2009) 5+ HH 5 5= HA HE g (R B s
BB IR R S EAG R — (3 O b A o] DUZE 4 [ BB B ARy &l » T AR E S
FTE #Er b N\ B A R AR S B B (R T oKk - B — R iy 5 (M (R (E
FEURE AT FE T IR BEEHEE o (Rl - AW S A S — 0 i Lt & R I IR AR b
LA < (R B P 395 0 20 2 J o 52 P B L s A ) P At BB S B A 2 ©

R EEEET SR AL REEESmAEGRY 0 5 DHEEFE
EREE IR A - TGRS 0= 0.9 DA 0.95 <& 57 B $H & R AN A (R b B A < AR B s
FeEEFMAHLFEeEmE  (HEMSG RIARBERE BT S REHER - HIRRE
AT ARIRE S A — M AR - B ERIfE RS A dn 3= - IKILEEEE &5 v
w - EABERRNZE 10 -

EUEAGRER » B PARE G mean By A8 T EFEIEHT - S &R EBHENTRIE
ZIHEAE - R E IR 0 - AL AT T AN A A B B i 72 AR O 0 E R A Rk A
Wk o B OFR 095 o RISHE (B YEERA) Ry & EEBER
3,494,284,644 Tt » KIAFEE#HE (HUGEERA) 1y £E5EE 3,240,594,013
TG P LA S S ] DU A2 g R B AR A B R Ry 253,690,631 TT (B[ 3,494,284,644
Eil 3.240,594,013 HIZ5E) -
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SEREERE F27 5528 0

K10 EEFERBEEERABIIB AR (1000 EHEREA )

FEAIHE DRISHE (BFEERA)
[y (FFSEERA) 6=0.95 6=0.90

R EbaEE [ty EbaEE [EERT ey

EEgE EEgE D% S EE8E P AR
Mean* 3,240,594,013  3,494,284,644 253,690,630 3,668,860,463 428,266,450
VaR(75) 3,294,205,783  3,544,184,813 249,979,029  3,718,642,950 424,437,167
VaR(80) 3,307,978,648  3,557,132,099 249,153,450 3,731,034,223 423,055,574
CTE(75) 3,342,963,254  3,589,989,889 247,026,635 3,764,272,778 421,309,524
CTE(80) 3,353,459,122  3,599,971,940 246,512,817  3,774,208,373 420,749,251

* 1 EEREEEER mean i - AEMGERF 0 TERBRBRBRRRHESFSHRERRIEMNZR
EHR -

#i LA VaR(75) FyfE\ba i EFEAE - LIS AE RS - Kt EE—2% R R IR
REE S E B BRI - 3 BIEE SR RS i E e EE Ry 3,544,184,813 7T © K
AR A B B 1 R b i B FE R (. 3,294,205,783 TT » 1F AN % i = W A RE AR fe bl &5 4E 6
(R E PR BE N0 R DAS 50 28 43 il AN 1R 12 P o AR Y3 S 2t = 249,979,030 TT (H[)
3,544,184,813 Eil 3,294,205,783 HZ=EH) - ML CTE(75) Ry Al =451 - e Ed
JEE AR P R AR R Ry 247,026,635 (HI 3,342,963,254 Hil 3,589,989,889 HYZZH ) °

H DL EAS AT 4 - Ram2 LA VaR(75) » VaR(80) » CTE(75) » CTE(80) HHE:YE » %
EAGERRNAR - FE RPRBERES STy e Edmlnels - (HE2REFsR
B 119 300 S 158 B3 AN T A 2R A Jes AT S B B T 28 5 » TR I R A R R PR B s i TR < 1 AT
AR L IERI AR R - FHIL AT AL R R HARGRE (R B 4 & 4 e O b g B A A — 18]
e OB N RIEF B KR 53 BUSH B aa N Rl O ke A B i & & (AR A AR B E
JE\BgE T e o

AT FER E TR R i AN R g T DAMORs PR B 2 B 1 Fe 3 BRURE O b B LA P oy
ZEMETNRZ2% - B RE A E AT R B e E B E TR - REg A TR DUEETE
B RF R R B2 B RIS & P e SR G IR B SH S HUEE A - FERG ek et b RS FIRT LA
e R BN A OR b B < 2 G T 2 - a0 - B AR b N 38 A= R EANRERS A e (41
A DLERENARI B EE SR DR ERE - B0 n B EeREfa I S8 —FHK
N BN AS T B H i [F] - BRI S R EE E LIS IS B A6 1 <8
BES - IERAESRNE BT DRI RAYERE » ] DIERCA R 1 B IR Z ATHE T 2 (L
HE RIS & EeRIEIETRG S - SR NMER] DUR S fr e AR S =R - 55 A]
DR S HH E 2R AR EZRETE K -
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R A BB RA LR R 78 o 3 st LR OR 5T

= HERAF GG R 5 R LA [ RS A IR T

T —25 T A f BRI D0 B R AR A S B SR o AT R 2 AR e st RN
DB A 2 G T U AT - bR T IR n (R REEEHRR A 2 22 UBESL - S9SN RE
NAFEIAIERGIREE - WAREFGIREE 1 (SE=/FE) ~ f@FHIRE 2 (5 —IH IADLs DL E)
DAR AERRARRE 3 (F 1 JHZE 2 I ADLs )  © 554 (e BRI AL 7 22 B 5 85 (R e
TTRUERE T - B =TSSR 11 - (53R — R i R R R Y (5 - Rl =RIE
R 2 B Ry [RARZ2 8 75% » TR RS A RHIRERERIE NN - 5 R it 280
Fin2 82 Atk A - 1G5 =T @ FREIRERE IRAVIFEL - R FIR R R
RS2 B IRy 125% -

*® 1M NEMRERKEERERIBIENTE
1BIR BRERSHEE
— RERFEEZBURD 25%
AR R IEREZ 8 (Pritchard, 2006)
REFEEZBUEN 25%

RN EIR 28 - FRAFIAH 100 EEAEFEAREEE - EEADLREMH SRR
FET R ESEE R BE - MR E ARS8 VaR B CTE .2 EEREEEE » RNER
TG HRFRARRE 2 BUBREE S AT A SR A0SR 12 -+ TN [E] R EE IR RS R R i 3% 2 SRR B 0 BT s
Rz 13 -

H I SN R AR R B R RE AV BB RS SR 2% 12 BREALNT - S @ B AR RE R B 22 Ak
Rbm A - REIRGEI R b BE B S et B E L EBOR - [BEeRE A HE
BB BN - & DUEo#E(d 3 mean Ry B fa 7 S SIS - Bl JFAn ek B An R IR RE Ry
AREE 1 tHEL » E ARG R R ARRE R AR RE 2 IF - AR EERRREIR T » REAIREACR A
A E P INEY BUE RS R A &~ B - W RS ot & B PR B A T A S E R I Ry
4,088,402 7T * FEAATHEFRIRRE R iR 78 3 IFF - BEHS 15 4,770,333 7T < 5990 » fRERARRERLE »
FHANR A OR b B A% B S50 aa (T 3R (E EA S A S 900 - BLIFAEARRE 2 BLRRE 3 v > WWRY
rote e T EA A A 53 S 0 Ry 4,826,760 JTEH 5,833,975 7T °

HE B F AR T bh e T R b2 R R B - R [Rl— R O b A
B R HAIE R L B SR R A T A R a R - EE RIARERE TSR
B I R B AS AT T R IEARRE » DRIk P 5 o P i 2050 S e o 85 I S SRAT R A AE - 4
DA VaR(75) FyE\ bt SEFEAERE - ERIAEFIRERIRGE 2 I - REAREA R LT SR
A e BB R R 1,546,465 TC » =R B ERYE SR 1,380,111 7T ¢ (&
HA e BB (R B B AR B S5 b 5 & B0 65 2 A58 PR Ry 1,242,682 7T » KA 4> B SH 6 2 BUE
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1,454,527 JC © MEEIGHEEFRIRRERy 3 IF - RIABACR S BLE & (R4S & 8 E 2 b E IR
$5 1,932,414 TC - R EIR ST BRSH BRI JEBSE R 1,703,519 T © 1= BAMR A O b B A% B
FEgfs ot e REEMER 1,421,796 7T - (K BEEHE 2 #UE 1,750,122 JT »

it — 2 F B AN FIERGEER 0 R 13 BER SRR - EEGEERIE IR - K
R SR [ 22 B PL ARG TN - RS RO - SEER e AT - B IREE ARG (T B (BB
/N SN HAHRRE AR B RA (T ARt - 5 15w b e e A B W Rk -

H DLEGE At ET mean Ry Al iy EFEAERE - G E RIKBREHETESRE - £
1G5 — 2 5 = i e i =155 B Ry 3,555,434 ~ 3,238,025 ~ 2,989,333 » LA VaR(75)
T B\ B mIRIRNY - BE -2 EE RS =R 1 4,639,324 ~ 4,230,895 »
3,911,213 » ERFEZEHOERIEIT N o H5 R & I R R b Bl A% B Ehe st hhak s
F - HERAE 2 B RGN - RV RbEE B ERV ) - (B S ZRsa T EUE
AR SEEa aRan BRAD T S50 - R R IAMRRACR B S (A BB R IR A% B S i N2 24
B - FIFERS E &R IR S E S o - Bt a0, g fEE s m= g
KRR - BIANLL VaR(75) Ry E\be i AR » (H 5 — 2 1E 5 =R i £ 8UE 55 7
F5 3,879,299 ~ 3,853,513 3,817,825 °

AR AT YRR BRI - RN RO R 2 ESE T - K HEIERE (R b B AT
B R Bt & 5 6 B B P& BR T ORI 0 BRSH B 1Y BB E S 5 R BRI (Rbe Bl A% 5 35k
FEEPE 2R EESE E A BESYEE o DL VaR(75) SEEbGEIRES - &SR B IR
B BELAE 5 (7 b 1 Ja B 32 PR 1B B — B 1,083,890 JT A A 45 B £ €5 17 i g 32 5% 887,555
Tt EIEE EERE =2 HEET - oI E YRR 2 Ry 992,870 TTKTA 808,604
TCLAR 921,880 TURHA 749,703 TT o [T = HARGRE OR i B 4% B S5 B 6 & B8 65 1Y R\ B 32 PR
HIJ 2 — B/ INiA R R R o 43 5 5 1) JR\ B S B -

b BUERSRBEREANEEFEEIEEAY - pg e e R B e
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h ~ fGmEE R

HEHEE L - HRTRBEA 5 DA (T R T R B ELRE - AT R R Fhig
PR 2N =] R Crba e A SR 2 B - AN [RIFSE RS - AW FEiE re s G T Y A R
R (R b pa b E AN R B R A S I - A e BB A R 2 B e B EE b -
AR FEIE i E A B ] O BRAE A G AR RE B RS RY » PRAH Pritchard (2006) FT{diafAUHEERE
IR REEE AR AU 2 RGN [F] b R Y B (ERTE - A0 —25 DI [E] Jal bt S FE AR A S5 A b
B A ERIIRER RIS & F 2 BAS S S S Er i & 2R - Ao
R DUR\ b2 PR R = B EA OR B e e S T RUBIF ST - mT LABR (L PR SRR 3 iy 3
(B R DA i A BRSO AU BR D -

BFFEAs R - KBRS 1A e IR T - R RS S S SR E
o REEREROCR - B2 RS DI ; RO RS & S R iH S
k- R A HEEECR - HERERE B E S - (B SRR R AR 23R
SR IR AR (R AP B B (B R\ @ BRELZ 80 Ay DAL R el 5 2 AN 3 e 1)
OB FIFE R & (b e - DRI - R R SUIHRE PR Bl 5 A <2 O P SR B A [F]— (A
Hebrba NAYAFRE R R IR 3 BISH RGN R ORI A - BLSh - £ BN R FEIR G R
MR A R REAA IR B BURE A T AN FE R BB R B i a5 Y R 2
RFFEITAE °

AT Z BUE ARG IR A] DA Bh ER b S mIWT 32 AT AR 5E - DUR i iE B (e b B
miiH & SR o AW FERE LAl S RS S AT - AT DM R A R EE NIRZ2E
DUSE {5 R A (A s il B i R R T MR O P i o~ FE RS A S T B RS BB Ok B - fRBa Y
A AR Z S AR - $2 Gt RN O b B LA B A S i o - SO AP S 6
ANl dbia R — iR A > B — D SRR R A (R b B A < RGP ]~ S AREA RS
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BEAh - AT SRS SR T DARR B BURT B B A R 3 R IR B AR P v (il B 2 2%
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1. Introduction

Increase in the average life span and improvements in medical technology have
generated an increased demand for long-term care insurance. However, the market share of
such retirement products remain limited because of adverse selection and strict underwriting
problems. According to a 2009 report by the National Development Council, the number of
disabled persons requiring long-term care services has grown by an average of
approximately 20% annually since 2008. Despite the increasing demand for long-term care,
most elderly individuals in Taiwan have not purchased long-term care insurance. Therefore,
designing appropriate long-term care insurance products to meet the significant growth in
future demand resulting from population aging is very critical.

Previous studies have investigated the problems of high prices and low demand in long-
term care insurance markets. Some studies have suggested that appropriate product design
would increase the demand for long-term care insurance. Brown and Finkelstein (2007) find
that the premiums of long-term care products are substantially higher than the expected
benefits, and they suggest that insurance companies should design more comprehensive
policies. Brown and Finkelstein (2009) further find that the low demand for long-term care
insurance is due to the low risk perception of insureds. These problems have led to the
stagnation of the long-term care insurance market.

From these perspectives, insurance companies should design more appropriate long-
term care products for elderly individuals. The concept of utilizing product design to solve
these problems is proposed by Murtaugh et al. (2001). They show that the combination of
annuity with long-term care insurance enables most of the population currently rejected by
underwriters of long-term care insurance to receive coverage. Brown and Warshawsky
(2013) find that the combination of life annuity with long-term care insurance can increase

the long-term care insurance coverage ratio.
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In this paper, we extend this line of research to investigate the risk effect of the product
design of long-term care insurance. Specifically, we focus on analyzing the changes in risk
characteristics resulting from different combinations of long-term care insurance with
annuity or life insurance. We use value at risk and conditional tail expectation as risk proxies
to evaluate the risk margin of different product designs. A continuous-time Markov chain
model is employed to model the health status of insureds. Moreover, the adverse selection
cost of the annuity is investigated. We find that the combination of long-term care insurance
with life insurance reduces the risk margin. By contrast, the combination of long-term care
insurance with annuity increases the risk margin. However, the results also show that the
benefit of lowering the adverse selection cost outweighs the cost of the increase in the risk
margin under the combination of long-term care insurance with annuity. Our research results
provide useful insights into the risk management and product design of long-term care

insurance.

2. Research Model

Following previous studies (Albarran et al., 2005; Baione and Levantesi, 2014; Brown
and Warshawsky, 2013; Czado and Rudolph, 2002; Haberman and Pitacco, 1998; Manton et
al., 1993; Murtaugh et al., 2001; Pitacco, 1995; Pritchard, 2006), we adopt a continuous-time
Markov model to stimulate the different health statuses of policy holders. Consider a policy
holder at age x and suppose that the individual independently moves between different health
statuses, denoted as health status 1, health status 2... health status /. Let M (¢) be the state
occupied at time ¢ by a randomly selected individual starting at age x. For 0 <s <1, let P (s, )

be the 4 x h transition probability matrix with entries

P{M, (t +s) = jIM,(t) = i, My(u) = x(u),0 < u < t}

| . 1)
= P{M,(t +5) = jIM,(t) = i}

We then calculate the best estimates, risk proxies, and risk margins of different
insurance products. To ensure that the assumptions for the payment of insurance policies are
realistic, we consider a discrete payment model. On the basis of the percentile method of the
Solvency II Directive, we use value at risk and conditional tail expectation as risk proxies to
evaluate the risk margin of different product designs. The risk margin (L) can be expressed

as
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p(L) — E[L]

§(L) = ETL]

2

where p(L) denotes a specific risk measure including different levels of value at risk and
conditional tail expectation, and E[L] denotes the best estimates.

We then use Monte Carlo simulation to calculate the risk margin. The health statuses are
simulated by a stochastic simulation algorithm for calculating the risk margin (L) in
equation (2) (Glasserman, 2004). We construct multiple health status models by using the
parameter estimates of Pritchard (2006) and compare the risk margin of different product
designs. Specifically, we compare different combinations of long-term care insurance with
annuity or life insurance when selling to the same insured and to different insureds. In
addition, we investigate the adverse selection cost of the annuity. Webb (2009) shows that
the equilibrium of bundled contracts between annuity products and the long-term care
insurance Pareto dominates single contracts. In this paper, we also quantify the benefit of

lowering the adverse selection cost after combining long-term care insurance with annuity.

3. Findings and Conclusion

Based on the proposed models described in the previous section, we investigate the risk
effect of the product design of long-term care insurance. As far as we know, our study is the
first to investigate the risk effect of different long-term care product designs. Our numerical
results show that the combination of long-term care insurance with life insurance can reduce
the risk margin. This effect is due to the correlation of cash flows between long-term care
insurance and life insurance from the same insured. Therefore, we recommend that insurance
companies sell a combination of long-term care products with life insurance at a lower total
price and not to sell these policies separately.

By contrast, the combination of long-term care insurance with annuity increases the risk
margin. However, when the adverse selection cost of the annuity is further considered in the
analysis, the net risk effect of the combination of long-term care insurance with annuity
actually decreases, because the benefit of lowering the adverse selection cost outweighs the
increasing risk margin. Therefore, our results also suggest that integrating annuity and long-
term care insurance can lower the price of combined products to increase the demand for

both annuity and long-term care insurance.

200



BEREHERE F27 £%2S 0

We believe that combinations of long-term care insurance with other insurance products
offer more effective solutions for retirees, because such combinations provide the benefit of
lowering the risk margins of long-term care products. Such innovatively designed products
can be more attractive to consumers, because they offer the advantages of a lower price and
more comprehensive protection. Therefore, our results provide useful insights into the design
of long-term care insurance products for insurance companies. The results of the risk
analysis in this paper provide an effective risk management tool for life insurance companies
to more effectively control their liability risks and offer more innovative retirement products

to society.
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I+’ a-1 EEIEEZH

EBIRAKRE HEAAKRE A B Cc D
SEEREE IADLs -3.22E-02 5.19E-02 4.35E-02
1-2 ADLs 9.59E-03 2.11E-03 1.74E-01
3-4 ADLs -2.34E-02 3.85E-04
5-6 ADLs -1.37E-04 3.16E-03 8.01E-02
SEEIKEE -9.05E-04 3.15E-03 1.32E-01
T -1.62E-01 2.64E-03
IADLs SEERE 1.04E+00 -1.13E-02
1-2 ADLs -3.38E-02 8.32E-03
3-4 ADLs 2.94E-02 -1.59E-04
5-6 ADLs -9.89E-02 1.33E-01 8.16E-03
SR LkEE -1.81E-01 2.90E-03
T -3.19E-02 8.80E-02 1.60E-02
1-2 ADLs EERER 1.74E-01 -1.45E-03
IADLs 5.45E-01 -4.71E-03
3-4 ADLs 1.85E-01 5.62E-03 1.33E-01
5-6 ADLs -6.01E-02 1.04E-01 -1.11E-02
SERKEE -5.61E-02 7.72E-02 3.48E-02
T -4.68E-02 1.93E-03
3-4 ADLs SEEfER 1.03E-01 -1.11E-03
IADLs -4.26E-03 2.14E-03 1.48E-01
1-2 ADLs 1.61E+00 -1.69E-02
5-6 ADLs 1.64E-02 2.13E-01 4.51E-02
SEEKEE -9.20E-02 1.09E-01 3.52E-02
T 1.27E-01 -5.50E-04
5-6 ADLs SEEERE 1.06E-01 -9.93E-04
IADLs 2.85E-01 -3.08E-03
1-2 ADLs -1.81E-01 2.23E-01 4.62E-03
3-4 ADLs 1.40E-01 3.16E-04
SEEKEE -2.00E-01 3.80E-03
T 1.76E-01 4.53E-02 5.28E-02 X
TR kEE SRR 2.39E-03 2.84E-02 -1.19E-01
IADLs 2.89E-02 -2.00E-04
1-2 ADLs -3.10E-02 3.89E-02 -1.02E-02
3-4 ADLs -1.94E-01 2.05E-01 -3.68E-04
5-6 ADLs 9.87E-03 -6.85E-05
T -5.71E-01 9.98E-03
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* a-2 B RIERE
P_(0,1)

fRERHRRE 1 2 3 4 5 6 7
1 0.9840 0.0043 0.0084 0.0008 0.0015 0.0003 0.0006
2 0.2450 0.4288 0.2292 0.0299 0.0213 0.0008 0.0449
3 0.0951 0.1241 0.5764 0.0943 0.0396 0.0030 0.0675
4 0.0472 0.0380 0.2837 0.4483 0.0918 0.0023 0.0887
5 0.0504 0.0519 0.0547 0.0822 0.5720 0.0224 0.1664
6 0.0689 0.0115 0.0124 0.0083 0.0051 0.8568 0.0369
7 0 0 0 0 0 0 1

P_(10,11)

fRERAKAE 1 2 3 4 5 6 7
1 0.9306 0.0172 0.0143 0.0040 0.0036 0.0036 0.0266
2 0.1638 0.4217 0.2678 0.0350 0.0270 0.0209 0.0637
3 0.0694 0.1016 0.5813 0.1008 0.0378 0.0237 0.0852
4 0.0309 0.0247 0.2121 0.4774 0.1335 0.0261 0.0953
5 0.0345 0.0358 0.0518 0.0855 0.5580 0.0499 0.1845
6 0.0222 0.0095 0.0087 0.0077 0.0046 0.8203 0.1269
7 0 0 0 0 0 0 1

P.(20,21)

fi2ERARRE 1 2 3 4 5 6 7
1 0.8480 0.0355 0.0307 0.0083 0.0082 0.0150 0.0542
2 0.0853 0.4089 0.3007 0.0412 0.0333 0.0451 0.0854
3 0.0465 0.0782 0.5690 0.1103 0.0401 0.0507 0.1052
4 0.0167 0.0172 0.1291 0.4719 0.1940 0.0633 0.1078
5 0.0211 0.0203 0.0463 0.0852 0.5382 0.0748 0.2141
6 0.0078 0.0075 0.0053 0.0067 0.0042 0.7591 0.2093
7 0 0 0 0 0 0 1
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