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oR o A7A Biet 1 8% U B4l thel ettt elE 25E A
FAMER 70 LRSS 1R Rslel Pelateh thAjgko R Vgl A7)
BRFEAT o thet 4519 BTG Hoko] SHE WS SRk A ARG At

[©)

I, G150 2F H S

50| G 719A 40004 HPIRS SO o JATN AEslch
A SIEHOIAE, 2002). 12 B2 7 AAE 1A BB 1747] shazde] SR
184171 Hl=irole] ‘Hge] WA Foz el Bgolzo] SHsIEoN, o} vigo.
2 PG Y] AR ofF ARIEE 5 AXAA She] ARJoEA B
Faiglo] Aelgsigion], FAll thapt BEe| A7FAE Lehd] Aslsik

A slalol Tholx)s APFAls 1 el we s B 4 g, B

HI

oI T HRRgAT o] tg 2R REsA o ‘elaauelel o] 18]
2o Auslo] HYSR, BI0|E, HYSelst Yaave) a8, B, T

Al S A, 9 W o rEd, B s ) wuijAre B, S o= W
o} Am Hoktt.
HAFEAT = A AFT AA™ 19909 1290]] 10H9] =72 AROE A%
7HEZEE o m, o]F- 201097H4] vl d 3514 L Q{ct. T1E]al 201135 < 43
o] ok 1990. 12~2020. 7 5 A 3097t "EHwgAT ol AAE == =
& 566U 2 o5 =it dMIe = EaroA 2Rttt D
I ATt A fjoll HAFF0l tiet 7= A shl=tl, (B Dol HiS=
2 A7FA] Hiet AR =& e UEh Qlok 2E]AL e Y 2o o] HHEY 58
3 9Ll tigt =25k A= e, ole2 HEY woke EFIAH. B
2opollMs &R 20l gl 35 =0l 14582 s 7MY wol A A =& F
25.6%5 AFAISIAAL, 11t & AE o] 1091, &3 o] 81H O = eyt o]

1) 20204 7€ 71% A10020] A= =& 28 Zd Ao
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= R £ AaEdY AsAEY I A 26 569, 42H 02 UEIT
H|E Y Eof =% 79Ho| £EE|0] HAof|A 14.0%F AHAok= & EHasdT o=
2y 9] st AT =REE A A= S

HHFFAT ) FEH By Hopo] A7SAE ERolAE B Hgxer ¢
A S ARt w=iEo] 77Ho R HAA 13.6%5 AHA[She 5 7MY Bolth TR
ZE H3o| 29 APl HFalsto] 67HOR 11.8%S XA|3I¥.ond, HETA ¢
U= B olfrE T =Ho] 66HOE 11 thgS o|9irk 2|1 BEARIolA Fas)
Al thRoA= B YA T Bejrt 568, RBP4 Hoprt 464, BlaadE] 9
Al Fo92(solvency) T Eop7t 45H 0 2 L],

_

(B 1) E3E 2 H7FA $24(1990.12~2020.7)
(&9: 7H, %)

HS20} Hl
= E= A
38 | A= | &2 | 3N | ASk| A=z | A | JIEF | 2ot

- 13 7 3 0 2 15 4 2
wEse 23 | 12 1 05 | 00 | 04 | 27 | 07 | 04
A 6 3 2 0 3 0 1 0
we 11| 05| 04 | 00| 05 | 00 | 02 | 00
o 7 21 15 1 10 9 1 3
B 12 | 37 | 27 | 02| 18| 1.6 | 02 | 05
. 17 15 8 0 1 3 0 1
HA3 30 | 27 | 1.4 | 00 | 02 | 05 | 00 | 02
ireg 6 6 0 0 1 4 0 0
e 1.1 1.1 | 00 | 00 | 02 | 0.7 | 0.0 | 00
= 6 4 3 0 0 3 0 0
waoA 1.1 ] 07 | 05| 00 | 00| 05 | 00 | 00
B FA/ 21 8 13 0 9 4 1 10
= 37 | 14 | 23 ] 00 | 1.6 | 07 | 02 | 1.8
A Aek/ 22 26 18 1 5 1 0 4
OJAEA 39 | 46 | 32 | 02 | 09 | 02 | 00 | 0.7
HEF/ 27 15 9 0 4 1 0 0
g 48 | 2.7 1.6 | 00 | 0.7 | 0.2 | 0.0 | 0.0
JURpAS 1 0 0 1 6 0 3 0
02 | 00 | 00 | 02 | 1.1 | 0.0 | 05 | 0.0
e 19 4 10 0 1 16 4 17
34 | 07 | 1.8 | 00 | 02 | 28 | 0.7 | 3.0




71g3tof

79 79
14.0 | 14.0
145 | 109 81 3 42 56 14 37 79 566

256 | 193 | 143 | 05 7.4 9.9 2.5 6.5 | 14.0 | 100.0
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1) oleke] 2= HA| 566HY] =Rl A A5k HlEY

2) shA 9 AEAE L SHA 2 At A9l

3) H|E 3 Hopoli= B 9] 8 & HY Yol tigt A7t 23k,

(GE 20 7RPE A75A) BIS Bl s, 1990 Sl 2 og=ig
BH7HE AR5k FEAA Y 5 REAe) 4AE Heb} ool a3t okt o
9ict. ole} pHtstol MEse], A L 4%, BRI AIHY U oAFA%, B
Q941 W WojApg elo] ciet ol4pEo] Hol AEIgi.

o] % RETA U THE T AT 2000~2004410] 7H Bo] VeRkr), o
A, HA93 B9 4 8 2015 TRl @5o] gtk el 20109 o)

ojf
“Il.

T d=0] Tt A= YERdT: el 2oke] 7% 20008 FHE o1 Al
i 57 EO] E01E 3, 20104 ofF AFGE F49 Az WHE AN, MRy

o BEEHF WL, FASAYIE £ Sl ute Bal A7} 2 Fkstnk ohed
HAIRI0) 9] W T T Hok A7 20047k T 717k B 5 R3] 4=
o] ARHAOU, 200020144 2ol Ho] A7EIA IStk 20159 ol FH
g, AL o]%], g ciieh, AT SO d7-Ee] UehteAl th a7t
PR w2 HolaT Ik

3P, B 20059 ofF RIS ATE, F2 Ao Yt HYAk
o E4o] B4R U AL ofwat BAS JHEAS AT i) Wtk E3t
u1 g PR ATE 20054 o) F2] o= ‘BHFGAT 7} 20054 5
AereAE A Hlk 20009 o] ‘BERGATE de] L] Slat ooz vl
¥ Hol FEANTME BAS0R THoha FEL FHOE & ulng Holol
S wolSol7] AR fvte ek

i
¢
Ry
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el
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H 2) 717h8 AFAFH $124(1990.12~2020.7)
(&9: 7, %)

2 1990~ | 1995~ | 2000~ | 2005~ | 2010~ | 2015~ A
= 1994 1999 2004 2009 2014 2020
i 2 2 2 14 16 10 46
Bl A
2oL 0.4 0.4 0.4 2.5 2.8 1.8 8.1
B 4 4 3 3 1 0 15
0.7 0.7 0.5 0.5 0.2 0.0 2.7
-~ 19 9 9 6 13 11 67
o]/\
B 3.4 1.6 1.6 1.1 2.3 1.9 11.8
13 13 7 4 5 3 45
A3
o @ @ 2.3 23 1.2 0.7 0.9 0.5 8.0
44398 5 5 0 1 2 4 17
o 0.9 0.9 0.0 0.2 0.4 0.7 3.0
- . 8 3 2 1 0 2 16
3]
n =S 1.4 0.5 0.4 0.2 0.0 0.4 2.8
= B34/ 15 14 18 12 3 4 66
of 7= 2.7 2.5 3.2 2.1 0.5 0.7 11.7
A g A2/ 29 19 9 14 2 4 77
OJA+E7 5.1 3.4 1.6 2.5 0.4 0.7 13.6
B2YAA/ 11 14 12 4 6 9 56
g 1.9 2.5 2.1 0.7 1.1 1.6 9.9
PR 1 0 2 0 6 2 11
0.2 0.0 0.4 0.0 1.1 0.4 1.9
26 23 4 6 5 7 71
71et 4.6 4.1 0.7 1.1 0.9 1.2 12.5
Wlm Mo 2 1 5 10 27 34 79
0.4 0.2 0.9 1.8 4.8 6.0 14.0
A 135 107 73 75 86 90 566
23.9 18.9 12.9 13.3 15.2 15.9 100.0
1 1) shere] $A1E 1A 56682 EEoIN XS 1Eel.

2) HEY Hopole B o 38§ % AgYntol tigt A7t =3k

Il S=NE 2Rt FLUE

1. B
HATEAT ol ARE H8 2ok As T AXAR] HIERE ol8sto]
HAJE siRlE AR A+=0] v SARI: siRleS Argske 23 72 ol
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A2} 5141:80] ()] TAZ 7P o427 M AN AN A Ro] ()9 T
A 7H AFAZH, T8 Qo1 SK18e0] 22 BAZ 74 1Sl
A 7Pdo] girk. HYE- HU2008)S 5 HAH7H shAI0] ol e wIXEA]
2 Auin) Qo) ARRE S5 L SApE ShorE UYS, Agole, AR
58 Aolo] TAS BB BAAT AFAT ML o 87HES HASR A0R
Ul 984 2012k MR e 7o) FRAS Haw aAA F
5 ATASL MAAFHFT} WA ERT] Sjekgo] 2B} 7145
A12-0] 700l 5} Stetot el AE] ol Lot 2L HolFlek BAIe- Ay
H2019)= ANZARGS A S1K1L 21] 718 BAZ Fokdt SHHe =
P2 olgslo] Al AL ALk § A7) ekl oML A s B
Fe vl 2171 QS eol A7 MES KXok R0 Bl

ANLFEY st eislel it F2 7RSS AEARAL Qlolt Ex
A, A1, A2)8 R915o] AF5ao] ojmd T2 vjX=o] the 45| of
%2 olFT k. 7] ATEY FEHL wFAS BY FHORA AT Ao
% 5242 423 ek Aolth AT 2120061 Aeigkae] thet A7 ]
SRl A0l A1t F1dAet 7 Hte] ool the e A=gosA el
Qo] Bt A0 E2 S B A 2T 7Rl e el B4
08 A5 S TSRS AAATY 71 D GAEEO] 2 W /17T o]

ROlISE AT FEYELL vk Rse] Folirks 2 BRIt ofg
-0l dBI20128 AUISEAES thgos sjof FRIeTe] 509t Al dhat 2
4 AABIGIT. BHAUE AuE D85FOI FEANE Bol BAT Fae] /)
Q19ige] a9 A o] Fri A WSO WG] WL Hetolt EAAR
A el o AR BRAT FRAS SR Bask Jrkn Yl oA
(20202 71580 TRt Q1A12 @57t AT 1ol JeFS ek R Hof
F9iek. 40 A% FBA Vo] JHOR R4S sl /1Y B8
o] 1 AT YIFUE AxE A0 FAFE WA oYL AAAF HF] S1Ue]
FU 710G 018514 e AOE Lepgeh
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ARSI TEE BEEQ A2 AEE 7R 7i1A EXdolu HEe] Ht
g 5ol thgt A7t & IR Atk &, 7Rl A50ly JHY S5k, JIdAFe
gt AZATE0] Sl AAE- A A2006)°]
TEH AHRZL SRS AJE ARE S50 A IS ARl A oE Ysht B
3 AHRRe] B4 g AR R Algo] Fasirtal Fgstgitt. o3-(2010)
£ Vg3 7iQlds 1) A ATE St AT UYAGEE
7ol FH+)2 HHBAE 7= 20 Uehith =98 sl ZiIdEel 71doke AR

2 B 449 11 ABEFE HRS

BHFGAT ) AN BFAACIR Bl A7 F2 BAdelRa PR v
3 A e Flolgict. BAiolZe BRARe] 2 nYMEe ojgdow
ohE ZlojH, AR} vt A A £E4 Fo], 221 RIA] Al B

29Ik

e

7t B@AEolE

°l&2(2003)= AEAEAAPGONA 2 23]l A dy} HeAAoMRte] £442 7L
= HAA ] A Aol 7SI, B8olgs F LAY HAAAL
+ eul HYow MRHAS dess B, A9y EAAMA N 23] B3e
2 9RHESS sl Zo] oleks BAIE =33tk 181 o Rz

(separating equilibrium)°| A= oJu| 2 FA%H #$ Q-80] A-&&|= 7|3]A|2kA
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7Pgsteolrs AL - A9 FEe] oA Al EA Aol i SLet HaAfe] |
o= A=+ (pooling equilibrium)2 £A51H4] &3-S H Yt

B=H2007, 2008)= SAITH o & 4o oEgo] Q= it HA AT A4 vy
Z3910] BAlol EAIHE 49 Haa T wl24ro] ¥2|(Bernoulli principle)°] 4
Hol7] f1et SRS Hot LRIshA7|7] Hsh 712 TdS 285ttt ARk
71 olE/do] 7129 AT} ARZ L&A ofwRt BAIE 7L IEATE Kol
Ao, HAA A= ()2 7[RI 5 23S, 7|E2E4g0] fl= B+ A

HES, FHH2 7HEAE B¢ diEds AEdits F2E =51

2007). TRt A= A7 |1RET HAloRe 37t 285t £HER U AREY
i, ArgH] & FrIE AR 2ok 9 SREES AAHSke Mossin®] 217t AJHs)
= SERAE EEOITHE=T, 2008). 121l of23t Jw2115}ol| AJHok= Mossin
o] 7t &ALl disl] vlFEIARS 7Rt B7H2007)9] SEZA0NAE 4dE
SHA] =t A= AESHeI

(¢}

AR HgdY A9 HeAP

1) AE2 v 2A
e =54 fjo] 5 FE HHAY £AIE te 271 d7=e 251K1997),
FE7(2000) 501 Utk 341997y FFEAS ddo = A ASA ol H A
g HeAgHe] B4 B FAIF HASA T JH WA 5 =Y A sfolE RIS Hit
2 5 RS AABIAT T2l ATE RIS et HRAEd T e =3t
et FE7(2000)> =494 sfele] FAeH ol HIRs| He.9] Ao
7|1Z3t ohFadel HAHLE 5 Y| o] W Tt GAIA olEe AAlsI: Eet
AR fElUEelA A4S H8l 71l e EEAP] £A419F ol WAISH] et s
ArEet H-S R =it
R wig w A
7] Y, A AP
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4 AT 20050 B A] B9, 59199 A
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¥ BE8o1 YA ARG TS AP P2 BP0 Slo] AANEAL 3]

AL A o] F HAR AP] W e BT A9l AL B9l

SPASIRLGS Bo) QAN £ oIS Belsh] Sfat 4F $4S A

oF3leH, olE 3l AEAAPOIA ] el tish GA= A4S A7 15t

r~1n

2) B3P

HIAZ] 285 215 AlAE 7 v AFt= °88(1996)°] EAAP|9] 2714
1} o] & gt HA|(Fuzzy)©|&, AHP 2%k, Rule Induction 5 U541 S5(Al) 7]HS
&3 w7t Al Ak -S-8o] s AAIS] =3H3it

ATR(2003)= EAA]9] B A 0 2 2|4=H o] ol A|(relation) S

ARE 0|83l AR HIEAA 224 (link analysis)& AR ARE 2
AP] SEAGS 7] Rt Hlolgutold 7o) s 7ol siddk= Emergent
Group Algorithm¥ REAF] 20| = k=E(node)e AZ3t Step Link ¥4
ol-gsto] HAA| Adof =4 7HHo] At ds WASIAH:

o
ﬂJl

3. Bl

Fejote BRolo] Sl g yok AgLe] ghygo] AdfElo] gk 8 )
8O A £B B BHARE 71AR9010] nek BRI 44 884 o2 Y%

1) &ofEE
19904l 25 & Y-S SA 02 Q8RS T AFLEC] TphE o|RATHolE
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Ol
@

£, 1991; 417134, 1991; o, 1991; Xafldt, 1991, 3HEE, 1998). Lol HE F4
o2 agAE WS 9% AT F2 O AE5olEe] 9 REaS A, @ Al
wleh A3l oSt eld A, olSah Bela 7 NS B3 bk A1,

@mg’k

HYFEo|Y 2|z 7 Esfe HF] wAIE sidsh] ot jietolet & 4= ks
1992). o2} #Ast] oA EH(1994)2 T 4Rl 3-84S flof AsAtEd
= SHE AERFAAY 384 A tEI:

HYQE ARSE F20o] wiet wohAl EajEe] a8ikES fIste] HEAIRH,
Buhlmann-Straub®] o]t W, AR mE R 5 ot AFe
(credibility) ol250] AREATHEEA], 1994; 0|3, 1997).2) o734 - ©]13]%(2001)
= AeF 0w A & Sl Rt SEE His) FHA] Hﬂoli(Bayes) g
g5t AT AT HEARNM 2g9 ZAIES AAR 45E(2001) o3
(outlier)ol] FIA3HA] L2 71AX(robust) BATES 0|83t AT BFES AAISHIT
o= £457T Tweedie's Compound ZEoks EXE w2rk= 71gslol Hdtat
BARS $A 1E{e ol YA E R P(DCLM)E o]83dto] AAEY 88 g5k

T7F AATHE A -V, 2008). oF&2] HHst & AAE] 2 Hsh T AFsa g
2380 u]d Je 245l B 282 ARl A7E AP JTHEE- X
3], 2016).

2

2) A

AR AFGEl ditt 7= ZANFARl FRARGE T FAIRE B A
(20162 2yt AL dktoZ AEAQl Lee-Carter(LC) RFI} A=A H|o|x|Qt
EgS ol B3l A ES FFstlth. 1EAL ole2 AN E MhA ATtk RHYst
o] 7|djoig ol AEL et SAEFY FAMEES dHdos B @7te
AT Lee(2016)= #8793 2|20t SHA FEA AMTE 2P 2 IS #4I5)
HA AFEE oflSol] tish GuF I(GP: General Procedure)& AAISHAL H71ok3iT .
2) AFE 712 FRHolEE RSl WEe] AT o AF AREE Hdgs A

g
% sz 4w Bysks gt A B gATe] Byss ?ﬂ*ﬂe 2
Fohe gH4olct.
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A= 1983~20109 1t 22Ut '@ AFSE BAE ol8ste] GPet 7719 e At
UE 78S TR Y H3eet TR Q] o=y ZHo|A A2 v|wslgon, Mukxos
GP7H Y %2 452 HolEthal siith. Hi=tA - AAIS(2018) = A AI71=(IFRS17)
stoll AFgE B HAQEE 27, Bl ol ol o152 LC BES ARSI
o, 24 9 BiEA ES BF EotHA SA1AET SAIETES dhFo R S xAo]
HulL} o] Fojjof TR E HAFH 0= ZAolr.
ofgolgo] gt AF-g, vhsE- 220040 ol goleo] A0l EQHFIAIAY
JNAPIFEE e 22 AHEFIAY] Gl eEo] &Sk Hol
A Tl SF3ick. Al o5 P EES|ALY] 2-8AHito]9lEC] 2000 1% QPPAIA
do| B5g HolEo et FAolgE E-8d & ki ootk

&

g3

==

3) B A=

HAATAE] =T Tsto] o]gFAdF2(1997)= BRI AEAE 9= ¢
=712 A%, AuAREe] A, A el Hish A5 =sialtt. ole 2
FHDB)E =2 AF S FR= IRl &4 ti3e] 7hssi=s, 8
FHAEDO T a2 T FAEEE e 53 2242 FAMEEe] 32
3] gEE o U=E AAlsks 5 AuAPelM el BARE Rt AEEA Evvh 29

ol
~

_

u FHle

D #AEAF

B3] AQlulgol| thet 27] AR BEEEARA, Zillmerd], siEHE4],
K& W4 5 AF5(solvency) EH-E I3t AQdEnlg Ay - o|250] AVl= At
(O]P&E-84, 1992, 449, 1995).

o[- o] ¥E(2001)2 Ut JeHel] o] % A MR BAAS|AA ) E 2T}
H QN0 FA 2ol oot BAH AES whgekA] Foks BES AR ulu]dat olo]
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2) FAARZEHG
HARS T A E S| F) Bslo] 449180 tist A7t JAATH =AY,
2012; 783 7437], 2012; 8485t ], 2013). °] & =A4Y¥(2012)L HAUHAEZA]

HE 9| A EEFES(GMDB) @955 A& 915l KOSPIAE ol&ste] tieF
3 #4508 AU AR ZF(LN, AR, ARCH, RSLN2 2&)S 3743t § F484
g, 71708 FAS0lE B2, GALE tlolH H9lE 7|E0 R ol B 1t u|uE AAle}
ek 71 23, ARz RSLN2 B0 FAG0lE BP0 R 7P Aeet Z10= Kokt
ZI2{v GMDB ¥woF 719 #reisto] fAwi= gl LN 2get RSLN2 29 7F =
ol A skt

1837074712012 % M AF] HARFEHFE B7I5l7] 5] KOSPI 2159
£ 0]8319 GBM, GARCH(1,1), EGARCH(1,1) 2&< tjifog 450182 BA
SFITE ARFES EGARCH(1,1) 23] AU Wasion, dHo] s &
MESEH TS ARSI 183 7|20 4=0l8 EAdo] AR wHd=A] ok

9 HANSENFL HAIHT 5 %S AHSIA

=R

ok

o

:d
on, Beo g

_L4

Heg ATt ol laaae|or AR EE A7 v ARSI WA ek
]l BlagaE|olEd B TS HE A7t et ol F oleA(19960)= Bla=w
2lo]29] Aty TIPS 2L, S8AMS AARe) BHES, AHRES #A) 5

2141715 SF= AlolA vieke A4 21AaE skl 1 thstgetE AAsI. o]
T(1996)2 ST AP a4 met AR 2P (CAPM)»S 2817t 71471
A B71e] DAIE AAsiH, 7147 ALE AsliAe S 7199 Sliaae]o] bt =

%
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A7} F QoL SiGiTt. 1R T o 24 B7IQIe] R84S ARSI St
(2006)= 1-23} EEA 0] 2% 0]85l0] &4 T 2|AT9] 71 d Wy} 2244
A9l A& F2ol| oluFt YIS MIA=AIE o|EH O R EESIGIT) o]t o]EH R4
A3, &4 B 2A3.9] 7[gigioly wisYdo] Ad A9 AP fAa TR 2

o8 2lAad BA T v AL EY 5= Arke Aol ol9t #edsio] A= 11 A}

of

19909 FHt o] % XA 0= Bl sirte] gladgwe|o] S8-95 1 7] ik A
o AMEHl, AHH1995)= EHREAS 5 F6HAl et = A7)0l
e ABEASIANL] FYT =Hls FA 5 oF AFolE FEYREE AABHI.
AEA1990)= EEASKE fiet FjAaTde] EAF E 7HES avlstalth 2187
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Abstract

This report is prepared for commemoration of publication of the 100% issue
of the Journal of Insurance and Finance. It is a summary of research trends
over the past 30 years published in this journal. A total of 566 articles have
been published since the 1st issue in December 1990. Twelve categories of
research subjects are identified and major studies in each category are briefly
surveyed to provide ideas on historical research trends. Form the inception in
1990 to 2000, most extensively investigated are those issues as to business
strategy, regulation, and solvency under the environment of deregulation and
market opening. Since entering into the 21st century, papers on insurance
demand and actuarial aspects of insurance tend to be dominant. In the future,
more theoretical research on insurance economics is required and particularly
needed is a research infrastructure to procure data for diverse and

sophisticated empirical research in the area of insurance.

% Key words: Journal of Insurance and Finance, Research Review, Commemoration

of the 100" Issue
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(Table 1) The Comparison of Collateral Security method and Trust-method
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(Table 2) Independent Variables Considered for Analysis

Factors Independent Variables

age, gender, residence area, spouse or not,
demographics educational background, the number of children,
support for children or not

residence type, house price, mortgage or not, rent
home ownership deposit, intent to inherit house, prospect for house
price

retirement preparation or not, enough for retirement
retirement preparation | plan or not, the needs of financial education for
and living conditions retirement preparation, taking of financial education
course for retirement or not

economic life who has a job of oneself or one’s spouse?

monthly average income, major use area of monthly
income, major use purpose of monthly income,
income and expense sufficient monthly income, amount of total asset,
amount of financial asset, main asset, sufficiency of
asset for aged life

awareness of reverse mortgage, knowledge of reverse
awareness of reverse mortgage, participation intention of reverse mortgage,

mortgage relationship with children in case of participating in
reverse mortgage

HFO] HEZHASI AlEhA] eidlg o8k A1k (ordered) 57 HEE 4
H gAER(likert-type) B2, b4 AG3E B2 2RI GS Fof] AgHF4]

A ol 8T IS mlAlks 8102 LA} itk v o= 2AIRGS o= P
TAE Tz gdisty] eAskd U F sheg AEsH ske Hd=sllY
(multinomial logit model) & shFeltHAgresti, 2007; A5 284, 2011). HlFHL
2 2ARYL B T JA W, AU A R ks v A T 1719 A
B AR BP0 2 AW 1,9 SAAGS0] 4(6, == 6, )= TLHA 7+
g A & J-1 789 49 FEEA 2EEY] SHHEe]] 19 ol Ui =
j=1,,J—19] "5t SLet vlEl=7t Eoh webs 2 SlAe 59 shA>
J— 1719 &A% w24l Lol tisl] sUsh] mhzoll o] TesiA| L sfAfo] ui-¢-

SOt S 2=t
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(Figure 3) Research Model

factor

demographics
(gender, age, region)

home ownership reality

retirement preparation year2017 & year 2018

and living status

willingness to use
trust-method
economiclife reverse mortgage

revenue and expense

awareness
of reverse mortgage

V. &d5=4

A i dlolEl= 201793 2018 FHAT FRABRAF T FEAF 7t
USHA] 2 2+ AL 554 o1 3,0007 -5 HVdC= S3irt. 201739 201899 #
B 32 5541 o] AHliedr S BT = Slo] Yo YT E22 7
o] AARI EAZ 7HER & A= 201797} 201899 #E-S T4 56,0007}



(Table 3) The Sample’s Demographic Characteristics

variables
n %

male 2992 49.9

gender
female 3008 50.1
55-60 600 10.0
< 65 1701 28.3
<70 1296 21.6

age
<75 1095 18.3
< 80 838 14.0
> 80 470 7.8
yes 4742 79.0

spouse
no 1258 21.0
none 64 1.1
1 501 8.4
2 3006 50.1

no. of children
3 1499 25.0
4 619 10.3
> 5 311 5.1
Seoul 1132 18.9
Busan 501 8.4
Dae-gu 301 5.0
Incheon 288 4.8
Gwangju 152 2.5
Daejeon, Sejong 175 2.9
residence

Ulsan 111 1.9
Gyeonggi-do 1144 19.1
Gangwon-do 224 3.7
Chungcheong-do 477 7.9
Jeonlado, Jeju 655 10.9
Gyungsang-do 840 14.0
total 6000 100.0

(Table 3)<> 2017'd% 20189 ‘FHIw TRAUHAF ] FEdT FaoVdAt
6,00071+9] 712A]l IFREAIRHY S BolEr:. T A2 B2 29921
(49.8%), A= 30087(50.2%)°1™, 7H1FS] AFA AL Al 1,1327(18.9%), F4t
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50178(8.3%), th+- 301%8(5.0%), 13 288%H(4.8%), d= 15278(2.5%), A -A|E 175
H(2.9%), =4F 11175(1.9%), 471 1,14478(19.1%), FUE 224%H(3.7%), 578 4778
(7.9%), A== AT 6558(10.9%), AT 84078(14.0%)= A=At 7HE7F vil%-
A7} = 785= 4,74278(79.0%), B2t 8= 74-9= 1,2587(21.0%)°]t,

(Table 4)= 3 9i7:2] 54 24191 2017 229} 2018\ A450] AlEpA] etz
ol-g-of3l tigt et IAEY 3H Axfolth A4 FE AT o-g-ofl dish wt
TA] o] &5t 9] SHo] 20179 A== 0.73%, 20189 A== 0.27%= UF A
e HE=A] o] 851t will definitely use) @ ‘0]-851ltkwill use) & st &4
1, iAoz ‘Ao o|85HA| UAHwill never use) 2} 085K LATKwill not
use) & SPH= A WSSl AERIA] FE AT oo 3719 &AM F R A

g3k} g

(Table 4) The Sample’s Willingness to Use Trust-method Reverse Mortgage

variables n %
will definitely use 30 0.5
will use 703 11.7
willingness to use don’t know 1,735 28.9

trust-method reverse mortgage

will not use 2,793 46.6
will never use 739 12.3
total 6,000 100.0
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YHPEES TR HjEe2 EANYPH GAY AAH(stepwise elimination
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(Table 5) Model Adequacy and Goodness of Fit Test

deviance deviance/df p-value Max-rescaled R> AIC

8888.7 0.7668 1.00 0.3459 9136.2

(Table 6) Effective Factor to Willingness to Use Trust-method Reverse
Mortgage Satisfaction

Wald order of
factor df . p-value .
-chisq importance
relatio.n.ship. Wit.h children in case of 778.8 0001 1
participating in reverse mortgage
needs of education .for retirement ) 953 0001 )
preparation
intent to inherit house 2 83.9 <.0001 3
residence area 11 169.3 <.0001 4
knowledge of reverse mortgage 4 30.9 <.0001 5
amount of financial asset 3 22.5 <.0001 6
age 5 29.9 <.0001 7
sufficiency of asset for aged life 1 14.9 0.0001 8
house price 3 20.3 0.0001 9
sufficient preparation for old age 1 9.06 0.0026 10
residence type 3 8.73 0.0332 11

(Table 602 29| v = 2ZARFS S AHE ASFLA] FEAT o8Pk
(willingness to use trust-method reverse mortgage)°ll 9 F= 11719 390=
oft}. AlERA] FElH o] o] Y = 7MY 7% aRlowE FHAT
Al ZH2ke] A |(relationship with children in case of participating in reverse
mortgage)2} 2EFHIE 93t W9 QA (needs of education for retirement
preparation) &2 UERHTE tha-07 o] tist F8 A:O3Kintent to inherit
house), AFAY(residence area), FEAZO] st A|Al(knowledge of reverse
mortgage), =84 (amount of financial asset), AH(age), A B3+ =TXAE
9] ZE A (sufficiency of asset for aged life), F&H7148(house price), =T& 3t &
E3t #H|(sufficient preparation for old age), A5 FEli(residence type) O & L}

BRI & 7ol AFAT AFGENE Al Feiid olgolue] FAMCR
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(Table 7) Parameter Estimates of Proportional Odds Logit Model

~

~

factor parameter df 8 s.e. exp(B)
1 1 -5.5138 0.3538 -
Intercept
2 1 -3.4032 0.3483 -
relatio.n'ship' Wit'h children in case of 1 1.3095 0.0469 3.704
participating in reverse mortgage
needs of education yes 1 0.7528 0.0786 2.123
for retirement a little 1 0.3558 0.0679 1.127
preparation no 0 0.0000 - 1.000
. T all 1 -0.6356 _ 0.069%4 0.530
memhto inherit part of it 1 -0.3263  0.0778 0.722
orse no 0 0.0000 - 1.000
Seoul 1 0.3928 0.1265 1.481
Busan 1 0.5356 0.1285 1.708
Dae-gu 1 -0.4052 0.1632 0.667
Incheon 1 0.1020 0.1509 1.107
Gwangju 1 -0.5988 0.2212 0.549
residence Daejeon, Sejong 1 -0.1631 0.1929 0.850
area Ulsan 1 0.2945 0.2204 1.343
Gyeonggi-do 1 0.6191 0.1130 1.857
Gangwon-do 1 0.7588 0.1643 2.136
Chungcheong-do 1 -0.6404 0.1447 0.527
Jeonlado, Jeju 1 -0.3311 0.1268 0.718
Gyungsang-do 0 0.0000 - 1.000
none(0) 1 -0.6098 0.1980 0.543
knowledge of only name(1) 1 -0.4253 0.1768 0.654
reverse mortgage concept(2) 1 -0.1535 0.1648 0.858
condition(3) 1 0.0012 0.1758 1.001
much(4) 0 0.0000 - 1.000
< 500 1 0.3898 0.0850 1.477
ﬁj;i‘;?a?aziet ( 3,000 1 01703 0.0893 1.186
(unit: 10,000won) < 7,500 1 0.1104 0.0782 1.117
> 7,500 0 0.0000 - 1.000
55-60 1 0.6759 0.1517 1.966
< 65 1 0.6513 0.1352 1.918
age < 70 1 0.4331 0.1380 1.542
<75 1 0.5653 0.1398 1.760
< 80 1 0.4319 0.1457 1.540
> 80 1 0.0000 - 1.000
sufficiency of asset for aged life 1 -0.1854 0.0481 0.831




(Table 7) Parameter Estimates of Proportional Odds Logit Model

factor parameter df féj s.e. exp(3)
< 15,000 1 -0.1332 0.1255 0.875
house price < 30,000 1 0.2147 0.1030 1.240
(unit: 10,000won) { 50,000 1 0.1353  0.0943 1.145
> 50,000 0 0.0000 - 1.000
sufficient preparation for old age 1 -0.1388 0.0461 0.870
own 1 -0.3467 0.1539 0.707
lease 1 -0.1988 0.1513 0.820

residence type
rent 1 -0.3358 0.1736 0.715
etc 0 0.0000 - 1.000

(Table 7)2 A2 FE|AT ol &2l ¥ = ¥4 A 74 #=0l
ok 2 Aollde AEA FEds ol 8elde k] flsl 2=8|(G4H], odds
ratio)E ARERITE QA(FAY, odds)= A3F EC] tigt Auf g0 Hlo|w, @ =H|=
B W SIIA} Sh= - ATe] @ 29] vlm A ojeu] WIS} Aetd o A #= AMGETh

AR T ol 8ol 7HE & FF= vIRks 821%I FEAT 7H Al Aot
9] IA|(relationship with children in case of participating in reverse mortgage)
9] Q=H|= 3.704(=exp(1.3095)2 FHAT 71 Al A4 AL 3HHL Zo=
VIS AEA] TR ATl Higt o8k H% Eol= Ao ® YERTh AR
2] FEAT olgogol F AR J¢E = 8% SEEHIE f%t W] "ad
(need of education for retirement preparation}> 2EFH|E ¢t w50] IQ gl
2 2l SERt i oiv], ashtar SERt thde] @=H|= 2.213(=exp(0.7528)),
o= Lk Egol D A Zrhs thde] 224 1.127(=exp(0.3558) 2 2EEHIE 913t
WO WR/AGE AT A FE AT iRt o 8ok BE w2 AEFS Hth

ATERPA] e oRgolgoll Al WAlZ IS = 8919 Aol divt F4 &2
(intent to inherit house}: FEHJ: o] gli= -S4 the], RS SHIlch= 859 ©
ZH= 0.530(=exp(-0.6356)), FEASS SHAtk= 582 2 2H1= (0.722(=exp(-0.3263))
T VS oo 255 Al FEdEo] it ol 8ol Aoty

FelAZ 214 (knowledge of reverse mortgage)©ll thet AlEfF2] FeliZ o]-2-05F

2
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Hi, AT Aol thsf o & ok= tVd('much’) tiH] 228)= 501 2 o] ¢l
none’) 0.543(=exp(-0.6098)), °155t E°] E(‘only name’) 0.654(=exp(-0.4253))
& FEdgo] thet A|4]o] B2rs AlErA] AT o827 Tt =3Ith
T84 amount of financial asset)ol TRt AT FeiAT olgofRke S84t &
o] 75005 ¢ o4 thH], 5009t ¢ ulgte] @=Hl= 1.477(=exp(0.3898)), 30005t ¢ =]
Tto] © =Hl= 1.186(=exp(0.1708)), 75005t A BIFHe] @ =H|= 1.117(=exp(0.1104)=
TgARTo] A2 A2 FE A o8O B EoRInh

Aol we AlErRA] FEAT ol8ofk> 80Al oV tiHl 55~C0AI2] QFHl=
1.966(=exp(0.6759), 60~654T= 1.918(=exp(0.6513)), 65~704h= 1.542(=exp(0.4331))
& ARo] 255 4SRN FEdT o8O Eo k= A Helt:

AR H-93F =5 2pARS] FEA(sufficiency of asset for aged life)]] tfgt @ ==
0.831(=exp(-0.1854) & @A H-FLF legApito] FEoHIaL BALF A4 6
e oS Rotrl= A Helth

FE7FA(house price)ol| thet AlEFFA] e o] 8oIgk FE7EA 59] o4 ],
1.599] @ =H|= 0.875(=exp(-0.1332)), 39 ©|eke] @ == 1.240(=exp(0.2147)), 5
o] Rk} @ =H|= 1.145(=exp(0.1353)F 9HF FEAF 71UV FE7H4 879l
1.59 u|vkS A|efshd FEl7FAo0] W AEPA] FEldF0o] o gofjfo] kth Ht
H, 1.59] oJsle] F8 A= 252 AERA] FEldF9] o 823o] 7Y Wit

AA7HA] ZHIRE S o] JE_7Ksufficient preparation for old age)oll Thgt
Q2H]= 0.870(=exp(-0.1388)) 2.2 FA7IA] FH[F leprfjio] FE5HA] ithal 8
= AR FEldEe] iRt o822 HS Eol= A Helth

opo] AIERA] FEIAF o] Lol YIS F= [llES FANEE, AA, FHA
o 71 Al A ete] TA| B Agolko] AlEndA] el ZIjiode] S8%t aRlew
LERt 2 o7 FEdT 71 dWd @77 ke 7Skl e AP E 9
Alolal ke A2 Hojet:, E4|, 2EERIE fIe 59 B aXdo] Wil FHAFA|
o]l i3t Q1A Ei= o7t BESH 7 MEASE 71R1ofRfo] R A2 iAol
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Abstract

This study intends to analyze the intention to use the trust-method reverse
mortgage for the first time in order to resolve the instability of spouse supply
and demand in the past, and to make a policy proposal to expand the use of
the trust-method reverse mortgage. As a result of analysis of the intention to
use the trust-method reverse mortgage, the most important factors influencing
the intention to join the trust-method reverse mortgage are relationships with
children in case of participating in reverse mortgage, intention to inherit the
house, needs for education to prepare for retirement, sufficient preparation
for retirement, and knowledge of reverse mortgage. In order to invigorate the
trust-method reverse mortgage, it is important to communicate the concept
and advantages of the trust-method reverse mortgage to the target audience.
In addition, it is considered that education, public relations, and counseling
for children should be strengthened so that the parents' participation in the
trust-method reverse mortgage can help the parents' retirement and reduce

the burden on their children.

% Key words: Reverse Mortgage, Trust-method Reverse Mortgage, Willingness to
Use Trust-method Reverse Mortgage, Old-age Life, Proportional
Odds Logit Model
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(Table 1) Variable Definitions

] =
ZEHHS
Group | AFIAI A% 1, skt A1 39 0
Mutual AT HSIARL AL 1, FA3ARI B9 0
Size ZAAY] AARD g
ROA £20]9] (net income)2 £AHAto 2 U&= Zh(asset)
Capasset | AIA} JoJZ(Policyholder surplus)& total admitted assets® & Yi= Ff
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Lnblil:im_ Open Position® & THIAFES HJ5FT Q= A4 AARTIZ;
Ln_(l)\gltm_ Open Position® & AL H{stal Y& AL AAZ 1%k

Num_Deri | Open PositionC 2 IHIAEL H{Gol1 Ye AS

Num_Opt | Open Position&@ 4L HFotl Ye AS

b NOON | Open Positiono= 334EE HASHL Ut eIl YA Aelzag
Lf;—ﬁg;f“ Open Position®2 §4S HGsL ol ojulzol A9 Apelz gt

Sum_Deri | Open Position2& RH-F3}1 Ye TAPAE AHITH A

Sum_Opt | Open Position2& H-{F3}1 UYe 34 AHIY A

Assetrisk | Common Stock EAFFHS AA AAEHES U

Notes: 1) This table shows the definitions of variables used in the model.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
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(Table 2) Summary Statistics (all firms)

Variable Obs Mean Std.Dev. Min Max
Group 9,112 0.08 0.27 0.00 1.00
Mutual 9,112 0.19 0.39 0.00 1.00
Size(Lnassets) 9,112 6.37 5.07 -3.69 16.85
Roa 9,112 0.01 0.14 -7.34 7.42
Capasset 9,112 0.33 0.32 -1.74 1.07
Reinsurance 9,112 0.06 4.16 -48.43 351.94
Product_HHI 9,112 0.24 0.23 0 2.00
Longtail 9,112 0.17 0.22 -0.39 0.65
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Ln_leverage 9,112 -0.46 1.29 -16.17 9.57
Num_Deri 9,112 1.38 10.35 0.00 238.00
Num_Options 9,112 1.34 10.22 0.00 238.00

Assetrisk 9,112 0.07 0.14 -0.06 1.40

Notes: 1) This table describes the summary statistics of variables used in the model.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.

AE S0 TS 283 TRisio] wPVIEES A5 7EohA] ke SAREE F
o 238719] TP IE AME BERSIAL s s Qlk. 53] 1 Hlkeet H e EEEA}
£ AvEE ARk 400 diet #E5HApT Fo= s Akt &4 E-8of Hist
of SlApttt & 2ot e & 5 AT (Table 3)3 (Table 4= 22 wHYVdsE o
S 283k S V2 EAF =AM TP IES ERe s B 7172 69170 &
ZE|gloH, F4E Z83t A 9 7IRE 634710] TEE| QI A4S EERT AR

2 o5 I T 9 HEH0] /|ZEAYONE 2 Xo]S Hol ghort, At
F0.05924] T34 ghe FRO| BFgkel 0.24R0H: We A4S Bl slHdAs:
7} e this) o] B2 Aol] thEo] SHINE B8] B BN it 4%

o] ke 2 dA & = Q.

(Table 3) Summary Statistics (firms using derivatives)

Variable Obs Mean Std.Dev. Min Max
Group 691 0.13 0.11 0.00 1.00
Mutual 691 0.43 0.20 0.00 1.00
Size(Lnassets) 691 1.65 4.06 0.00 14.49
Roa 691 0.00 0.02 -0.23 0.37
Capasset 691 0.71 0.19 0.00 1.01
Reinsurance 691 0.75 0.67 -1.84 13.88
Product_HHI 691 0.05 0.15 0.00 0.69
Longtail 691 0.31 0.11 2.00 0.50
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Ln_leverage 691 -0.13 0.63 -6.46 1.79

Notes: 1) This table describes the summary statistics of variables for the firms that use the
derivatives.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.

(Table 4) Summary Statistics (firms using options)

Variable Obs Mean Std.Dev. Min Max
Group 634 0.00 0.04 0.00 1.00
Mutual 634 0.05 0.21 0.00 1.00
Size(Lnassets) 634 1.50 3.82 0.00 14.32
Roa 634 0.00 0.03 -0.23 0.38
Capasset 634 0.07 0.20 0.00 1.01
Reinsurance 634 0.10 0.69 -0.87 13.89
Product_HHI 634 0.06 0.15 0.00 0.50
Longtail 634 0.03 0.11 0.00 0.50
Ln_leverage 634 -0.12 0.57 -4.98 1.79

Notes: 1) This table describes the summary statistics of variables for the firms that use the
options.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
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(Table 5) Tobit and Cragg results for derivatives usage

Ln_Num_Deri Coef. Std.Err z P)|z|
Group -1.04 1.87 -0.56 0.58
Mutual 1.96*** 0.52 3.75 0.00

Size(Lnassets) -0.10 0.13 -0.73 0.47

Roa -1.75 3.98 -0.44 0.66
Capasset -2.30 1.90 -1.21 0.23

Reinsurance 0.16 0.14 1.11 0.27

Product_HHI -2.36 1.93 -1.22 0.23
Longtail -0.78 1.14 -0.68 0.50

Ln_leverage -0.14 0.29 -0.49 0.63
_cons 3.29 2.22 1.48 0.14

Log likehood -135.16

Notes: 1) This table presents the Tobit and Cragg results for the firms that use the
derivatives.
2) The data is from all property-liability insurers' annual statutory filings of
National Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
3) The variables are defined in {Table 1).
4) *p<0.10, ** p<0.05, ** p<0.01.
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(Table 6) Tobit and Cragg Results for Options Usage

Ln_Num_Deri Coef. Std.Err z P)|z|
Group -1.04 1.87 -0.56 0.58
Mutual 1.96*** 0.52 3.75 0.00

Size(Lnassets) -0.10 0.13 -0.73 0.47

Roa -1.75 3.98 -0.44 0.66
Capasset -2.30 1.90 -1.21 0.23

Reinsurance 0.16 0.14 1.11 0.27

Product_HHI -2.36 1.93 -1.22 0.23
Longtail -0.78 1.14 -0.68 0.50

Ln_leverage -0.14 0.29 -0.49 0.63
_cons 3.29 2.22 1.48 0.14

Log likehood -135.16

Ln_Num_Opt Coef. Std.Err z P)|z|
Group 15.88%** 4.38 3.62 0.00
Mutual 2.30 0.53 4.34 0.00

Size(Lnassets) -0.35™* 0.16 -2.23 0.03

Roa 1.28%** 3.39 0.38 0.71
Capasset -5.01** 1.99 -2.52 0.01

Reinsurance -0.98™** 0.30 -3.24 0.00

Product_HHI =5.52%* 1.90 -2.90 0.01
Longtail 0.08 1.11 0.07 0.94
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Ln_leverage -0.85** 0.36 -2.34 0.02
_cons 8.40 2.45 3.43 0.00
Log likehood -119.51

Notes: 1) This table presents the Tobit and Cragg results for the firms that use the options.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
3) The variables are defined in {Table 1).
4) * p<0.10, ** p<0.05, *** p<0.01.
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(Table 7) Product Diversification and Asset Risk

Ln_Num_Deri Coef. Std.Err z P)|z|
Group -1.04 1.87 -0.56 0.58
Mutual 1.96*** 0.52 3.75 0.00

Size(Lnassets) -0.10 0.13 -0.73 0.47

Roa -1.75 3.98 -0.44 0.66
Capasset -2.30 1.90 -1.21 0.23

Reinsurance 0.16 0.14 1.11 0.27

Product_HHI -2.36 1.93 -1.22 0.23
Longtail -0.78 1.14 -0.68 0.50

Ln_leverage -0.14 0.29 -0.49 0.63
_cons 3.29 2.22 1.48 0.14

Log likehood -135.16

Assetrisk Coef. Std.Err z Pzl
Group -0.02** 0.01 -2.49 0.01
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Mutual 0.06™* 0.01 10.75 0.00
Size(Lnassets) 0.00™* 0.00 -2.20 0.03
Roa 0.01 0.04 0.25 0.80
Capasset 0.17%* 0.02 6.46 0.00
Reinsurance 0.00 0.00 -1.11 0.27
Product_HHI -0.14%*+* 0.02 -6.23 0.00
Longtail 0.02 0.01 1.71 0.09
Ln_leverage -0.01%* 0.00 -3.26 0.00
_cons 0.13 0.03 5.01 0.00

Notes: 1) This table reports the results from the analysis of product diversification on asset risk.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
3) The variables are defined in {Table 1).
4) * p<0.10, ** p<0.05, *** p<0.01.
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(Table 8) Tobit and Cragg Results via Nominal Value of Derivatives

Ln_Num_Deri Coef. Std.Err z P)|z|
Group -1.04 1.87 -0.56 0.58
Mutual 1.96*** 0.52 3.75 0.00

Size(Lnassets) -0.10 0.13 -0.73 0.47

Roa -1.75 3.98 -0.44 0.66
Capasset -2.30 1.90 -1.21 0.23

Reinsurance 0.16 0.14 1.11 0.27

Product_HHI -2.36 1.93 -1.22 0.23
Longtail -0.78 1.14 -0.68 0.50

Ln_leverage -0.14 0.29 -0.49 0.63
_cons 3.29 2.22 1.48 0.14

Log likehood -135.16

Ln_Notional_Deri Coef. Std.Err z P)|z|

Group -2.56 2.92 -0.88 0.39
Mutual 0.10 1.23 0.09 0.93
Size(Lnassets) 1.61%** 0.26 6.08 0.00
Roa -5.86 6.05 -0.97 0.34
Capasset -6.19 3.23 -1.91 0.06
Reinsurance 0.21 0.22 0.95 0.35
Product_HHI -13.26%** 4.51 -2.94 0.01
Longtail -1.83 2.08 -0.88 0.38
Ln_leverage -1.63™** 0.58 -2.80 0.01
_cons -4.79 3.87 -1.24 0.22
Log likehood -113.08

Notes: 1) This table reports the Tobit and Cragg results for the firms that use the derivatives
using nominal value.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
3) The variables are defined in {Table 1).
4) * p<0.10, ** p<0.05, *** p<0.01.
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(Table 9) Tobit and Cragg Results via Nominal Value of Options

Ln_Num_Deri Coef. Std.Err z P)|z|
Group -1.04 1.87 -0.56 0.58
Mutual 1.96*** 0.52 3.75 0.00

Size(Lnassets) -0.10 0.13 -0.73 0.47

Roa -1.75 3.98 -0.44 0.66
Capasset -2.30 1.90 -1.21 0.23

Reinsurance 0.16 0.14 1.11 0.27

Product_HHI -2.36 1.93 -1.22 0.23
Longtail -0.78 1.14 -0.68 0.50

Ln_leverage -0.14 0.29 -0.49 0.63
_cons 3.29 2.22 1.48 0.14

Log likehood -135.16

Ln_Notional_opt Coef. Std.Err z P)|z|

Group 12.04* 6.49 1.86 0.07
Mutual -1.90 1.43 -1.33 0.19
Size(Lnassets) 2.08%* 0.35 5.97 0.00
Roa -3.30 5.75 -0.57 0.57
Capasset -5.60 3.83 -1.46 0.15
Reinsurance -0.79* 0.45 -1.75 0.09
Product_HHI -20.84%* 5.16 -4.04 0.00
Longtail -2.75 2.19 -1.25 0.22
Ln_leverage -1.27 0.78 -1.64 0.11
_cons -5.64 4.51 -1.25 0.22
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Log likehood | -100.71 |

Notes: 1) This table reports the Tobit and Cragg results for the firms that use the options
using nominal value.
2) The data is from all property-liability insurers' annual statutory filings of National
Association of Insurance Commissioner's (NAIC) from 2010 to 2017.
3) The variables are defined in Table 1.
4) *p<0.10, ** p<0.05, *** p<0.01.
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Abstract

This paper examines the effect of the U.S. property and liability insurance
companies product diversification on financial derivatives usage. Prior studies
discussed the diversification of the firm but have not incorporated its relation
with the derivatives particularly for options. We focus on the firms' product
diversification with the use of options and reinsurance for hedging purposes.
This paper finds the following evidence. First, there is no significant evidence
of diversification effect using all types of derivatives. Second, firms' product
diversification is positively associated with the options. This implies that
diversified firms are exposed to greater asset risk which results in increased
demand for options to hedge. Last, there exists a negative relation between

reinsurance and options supporting that they are considered as substitutes.

% Key words: Property and Liability Insurance Company, Derivatives, Hedging,

Diversification, Reinsurance, Option
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1) International Financial Reporting Standards.
2) Korean-Insurance Capital Standard.
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{Figure 1) Subscription Rate of Individual Annuity Insurance by Age Group
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(Table 1)& BEFAA Bofohs AAAZRANALZ+AA 4 2)e] 23]
2 RE 8 FEER TR0 YA Aotk A AAAFEYS] 23 RFARE
20149 7% 3609 YollA] 2018 2% 2,1339 YO 2 IHAsIGet], ol d¥doR

SHikshA mid 24%% AAast Zog B3 4dvlof] 23R 27T 30% TEoE 5
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(Table 1) Initial Premium by Individual Annuity Product Type(2014-2018)
(Unit: 100 million Won, %)

2014 2015 2016 2017 2018
Tax savings 0.7) 0.9) (1.5) (1.8) (1.9)
qualified
(A=a+b) Life(a) 303 398 486 455 340
Non-life(b) 203 192 102 91 84
Non-tax- Fixed 66,323 | 61,791 33,994 | 22,330 16,436
qualified annuity(c) (94.3) (94.2) (88.3) (74.6) (74.3)
(B=c+d) Variable 3,531 3,200 3,903 7,096 5,273
annuity(d) (5.0) (4.9) (10.1) (23.7) (23.8)
70,360 | 65,590 | 38,485 | 29,952 | 22,133
Total(A+B)
(100.0) (100.0) (100.0) (100.0) (100.0)

Note: The parentheses indicate the portion of total initial premium.
Source: Author's calculation using Kim and Kim(2019).
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(Table 2) Total Premium by Individual Annuity Product Type(2014-2018)
(Unit: 100 million Won, %)

2014 2015 2016 2017 2018
Annuity 88,441 88,430 | 87,063 | 85469 | 83,881
Tax savings (24.1) (24.1) (26.5) (27.6) (29.5)
qualified
(A=atb) Life(a) 47,351 47350 | 46,074 | 44,491 42,910
Non-life(b) | 41,090 | 41,080 | 40,989 | 40,978 | 40,971
Fixed 191,708 | 198,516 | 167,401 | 151,090 | 133,142
Non-tax- .
qualified annuity(c) (52.3) (54.0) (50.9) (48.7) (46.7)
(B=c+d) Variable 86,366 | 80,712 | 74200 | 73,527 | 67,793
annuity(d) (23.6) (22.0) (22.6) (23.7) (23.8)
366,515 | 367,658 | 328,664 | 310,086 | 284,816
Total(A+B)
(100.0) (100.0) (100.0) (100.0) (100.0)

Note: The parentheses indicate the portion of total initial premium.
Source: Author’s calculation using Kim and Kim(2019).
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£ Folds B2 27)7F 2370 oVde= Sdie 201797 E 2019499 3714 A=
E thdo= SI9itt (Table 3)& A -S8AF 7,07489] A=d g Erolc). A &
L= ZARVE 7IRE Bt @43 49.7%, 913 50.3%2 A9] fARICE HA| SHEARY] F
+£20174, 20184, 1211 20199 242} 31.1%, 34.1%, 34.8%= 201813} 20194 £
27} 20179 BT} OF7F A UreRde

AiolA FEEY 71 AHE SRER FEste] B Ak TAE FE R 9
7] (A B R/ A AR /AN ) P AT R/ A e
FHgl/ojdo| AR g/ MR ok HMARFL ThA] 4712] FE(AA A/ HAFUH
A/ AU EZA/ SR FRE. & AFolas HMAEY F HAAEY
HA[UEAAF 7FISIATAL -SH AREE HAATEY 7IIAR 2Fslsict A
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(Table 3) Distribution of Observations
(Unit: Person, %)

Year Total(A+B) Male(A) Female(B)
2017 2,197 (31.1) 1,091 (49.7) 1,106 (50.3)
2018 2,415 (34.1) 1,200 (49.7) 1,215 (50.3)
2019 2,462 (34.8) 1,223 (49.7) 1,239 (50.3)
Total(2017-2019) 7,074 (100.0) 3,514 (49.7) 3,560 (50.3)

Note: Figures in parentheses indicate percentage share against total individuals and whole
periods, respectively.

£ AFolA E83 B FARE APA-H A BgE, 2017, |43, 2012; &
£35 9], 2006; A5E- 49l 2008; F4¢, 2011; Brown and Poterba, 2006)2] ¥
o} HY AR AERAL ARE B0l Y 713 ¥ Y2 AAsioinh. A4
10) AEXARE HE gAR7IIH@Z ] ARAE)E B4 olFolzod, 5 7HoA A=

A3 B AES AX HolHE ARSI A sl8QAk= 95% AlFeEolA
+2.83%0].
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3, A%, AFAY, &4, 71 o, 25 7RSS FHY AE, diids 71
X fized.annuity), 123l ZAFAEZ A5}

d(sex)> THHpRA o4l B4 179 gh2 Fofshal B 0" o= A5k
ok Ag(age) SHAM AT gold, AT 7I4E Alol9] HIAGHAE 11Esl] ¢
3 AZAE(age2)S ATt SHAY] AF AH(resid)S TAEA B 7[5t A
21 A9 17, ADQl 39 0" 0= Asigitt. 2/ d®l(mar) JA| HrHEs2A
1221 85 "0"01H, 71&R1 3% "1"= Aottt vlEAE 71 U 79 7152 71d
S 4= QU] el 71&Akell BIsf Zil%E =87t B = ¢ Skl wdsto] ASAE
HEE ISIAZATHDushi and Webb, 2004). 7Y Hwfmum)E 7S FA35H=
T3] TFHEA AEHR(EL]: H)olHt
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(Table 4) List of Variables

Variables Definition
Dependent var.annuity holding of variable annuity(0: no, 1: yes)
sex gender(0: male, 1: female)
age age
age2 age x age
resid residence area(0: big city, 1: others)
mar marriage status(O: single, 1: couple)
wfnum number of households
education level(0: equal or below high school
Independent edu graduate, 1: a college degree or higher)
hinc yearly income, unit: 10,000 KRW
work working status(0: unemployed, 1: employed)
fized.annuity holding of annuity(0: no, 1: yes)
year_2017 1: 2017, 0: others
year_2018 1: 2018, 0: others
year_2019 1: 2018, 0: others
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of 42e 27 uho] LA that ol8h e T o) TsleiAle] 87t e
A= otk QLS (hinol e AkES(R9) o S A8stT, 29l
of S work)e HaESEA A ARLFZZAIGLD B9 1", w1 e
X, 25, SEp 51 A9 0 0% Ak AREANS NG AT gersigs
o], 20179 7Ie9es FoL, HuHasE ZPsiith ol= 2017, 20184, 121l
20194 710] Ao, F8 L IAAIE L 5, FEAA E 2PN o
< Bisp} £41E A ol weishy] Siat ol
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(Table 5)+= AA| ZAF A n=7,0748)2] HAAT 7IJS=HE =gt Aotk &
£ o] AHAFHY 7R 20322 THIES 2.9% =0l Etsitt. $-=u=t
7i919] HAAZHE S 7IJEL ul=(Brown and Poterba, 2006)2] 4.65%0] H|3} &

oI

(Table 5) Subscription Rate of Variable Annuity
(Unit: Person, %)

Total(A) No hold(B) Hold(C)
ABIC  ABAC B (B//Sxm c (cngxwo

Total 7,074 100.0 6,871 97.1 203 2.9
male 3,514 100.0 3,402 96.8 112 3.2
sex femnale 3560 100.0 | 3469 974 91 2.6
married 5,541 100.0 5,369 96.9 172 3.1
mar single 1533 1000 | 1502  98.0 31 2.0
resid big city 3,221 100.0 3,124 97.0 97 3.0
others 3,853 100.0 3,747 97.2 106 2.8
edu <high school 3,780 100.0 3,706 98.0 74 2.0
>university 3,294 100.0 3,165 96.1 129 3.9
employed 5,390 100.0 5,219 96.8 171 3.2

work
unemployed 1,684 100.0 1,652 98.1 32 1.9
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2017 2,197 100.0 2,117 96.4 80 3.6
year 2018 2,415 100.0 2,339 96.9 76 3.1
2019 2,462 100.0 2,415 98.1 47 1.9

Source: Author’s calculation.

A(sex) B, o1490] F1IB(OM: 2.6% vs. A 3.2990] AT Ao
1;4-._8_ Tl:]o]q IJ-HO] M—q]ﬁi oi]kloﬂ l:ﬂoH :’-B-Z]M_L]- /\__0] ﬂ_ﬁ 07'3517;1 0101
49 MR 71g8o] o S/ thehd 102 Bl
AEA(mar)9] A9 71827} Bl Hls) MAHFHY NIBOIE: 3.1%, ¥
£ 2.000°] ¥ ol WRAOE 718Ae] 250] TeHuTt £1 B AYE 7]

e AOE F23) & 5 Ik

AL A% A(resid) 2t Aol A9 GOt WY edu) ZF ol Jgset
HoletEn g 7IIEBS o ojdo] 3.9%2 % ofs}<l 2.0%5ch oF 24 %o ol
AAFHHS HE T2} HFol Y WeolA oldta, It ARFEAAE o

71371 i o & v war, Age] g0l B4R B R4S o A IXlep] e
o Holth T3 SHEo] w2 AFS] 450] B0 H §Y] weol 7IdEe] w2
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(Table 6) Descriptive Statistics of Variable Annuity
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(Table 7) Pearson correlation coefficient

var_ann age sex mar hinc resid edu work

var_ann | 1.000
age 0.010 1.000
sex |-0.019 0.045** 1.000
mar 0.027 0.645** 0.076™% 1.000
hinc 0.080*** | -0.061*** -0.472** -0.002 1.000
resid |-0.008 0.038"% -0.010 0.030™ -0.020 1.000
edu 0.059™* | -0.501** -0.140™* -0.247* 0.279™ -0.070* 1.000
work | 0.032™*|-0.140*** -0.406™* -0.134* 0.587** -0.001 | 0.199** 1.000

Note: **, ** * represent the significance at the 1%, 5%, 10% level, respectively.
Source: Author’s calculation.
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(Table 8) Results of Logit Analysis for Model 1 and Model 2

Explanatory variables - — Estimates - —
model 1(interaction: no) | model 2(interaction: yes)
constant -13.39%** -16.78***
age 0.4017%* 0.3738***
age2 -0.0040™** -0.0037***
winum 0.0165 0.0092
hinc 0.1041** 0.5994**
sex female 0.1034 4.3160**
edu > university 0.8054** 0.7417%*
mar couple -0.5260* -0.5562**
resid others -0.0549 -0.0468
fixed annuity yes -0.2095 -0.2513
work employed -0.2382 -0.1907
2018 -0.2123 -0.2003
year 2019 -0.8061*** -0.7975%*
Interactions high income ok
(hinc X sex) female ~0.5151
Deviance Null 1841.8 [df=7073] 1841.8 [df=7073]
Residual 1733.4 [df=7061] 1728.5 [df=7060]

Note: *** ** * represent the significance at the 1%, 5%, 10% level, respectively.
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(Table 9) Female Subscription Rate of Variable Annuity by Marital Status and
Age Group(2017-2019)

(unit: %)
Age group Single Married
20< age < 30 0.7 2.6
30< age < 40 4.4 3.4
40< age < 50 11.1 2.9
50< age < 60 15.4 3.7
Total 2.2 3.3
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(Table 10) Status of Annuity Participants(2017-2019)

(unit: %)
Premium payment Premium payment . .
. Annuity receipt Total
Age on-going complete ©) (A+B+C)

A) (B)
(60 89.4 (1,158) 9.6 (125) | 1.0 (13 | 100.0 (1,296)

> 60 55.6 (133) 33.5 (80) 10.9 (26) | 100.0 (239

Note: () means number of participants.

(Table 11) Results of t-test between Fixed and Variable Annuity Participants

Characteristics t-value p-value
sex 0.33402 0.7386
hinc -0.87903 0.3800
age 0.42503 0.6711
mar -1.6418 0.1017

Notes: 1) sample size - fixed annuity: 602, variable annuity: 203.
2) unpaired t-test is used.
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16) SYHEE t-test.
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(Table 12) Satisfaction of Fixed and Variable Annuity Participants(2017-2019)

(Unit: %)
A Satisfaction
nnutty ype Not good Middle Good
Fixed annuity (152) 3.1 (1) 14.5 22) 84.9 (129
Variable annuity (58) 1.7 o)) 34.5 (20 63.8 (37

Note: () means number of participants.
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Appendix 1: HHEC HEE AL 1HEM Hu}

i)

Aot AFAFHSE AP HFE HFlolo] J]FEHES ot A
T2 3041 Bt 30~39A1, 40~49A1, 50~59A1, L& 1L GOA| oV RS 24
23} B 13 B2 BT AFFTo] EobEeE 7HIE0] woRIHTE 60A] oVdolA 7
45h= A2 = YERY (Table 8)3 -FART 235 H it 4| £443= (Appendix
Table 1)of YRt Q.

L

{Appendix Table 1) Results of Logit Analysis for Model 1 and Model 2

; Estimates
Explanatory variables ; - ; ;
model 1(interaction: no) | model 2(interaction: yes)
constant -5.68 *** -0.84
30 ~ 39 1.4757 *** 1.3964
40 ~ 49 2.0981 *** 1.9798 ***
age group
50 ~ 59 2.3313 2.1888 ***
>60 1.5655 *** 1.4979 =
winum 0.0297 0.0220
hinc 0.1006 ** 0.6266 **
sex female 0.1189 4.5834 **
edu > university 0.8057 *** 0.7332 o
mar couple -0.4153 -0.4694 *
resid others -0.0674 -0.0585
fixed annuity yes -0.1921 -0.2394
work employed -0.1884 -0.1498
2018 -0.2181 -0.2059
year
2019 -0.8000 *** -0.7927 ***
Interactions high income ) _ ok
(hinc X sex) female 0.5468
Null 1841.8 [df=7073] 1841.8 [df=7073]
Deviance
Residual 1734.7 [df=7059] 1728.9 [df=7058]

Note: **, ** * represent the significance at the 1%, 5%, 10% level, respectively.
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{Appendix Table 2) Results of Logit Analysis for Model 1 and Model 2 after
stepwise elimination

; Estimates
Explanatory variables - - - -
model 1(interaction: no) model 2(interaction: yes)
constant -13.14 *+* -16.56 ***
age 0.3957 *** 0.3672 ***
age?2 -0.0039 *** -0.0036 ***
hinc 0.0642 ** 0.5608 **
sex female . 4.2070 **
edu > university 0.7946 *** 0.7433 e
mar couple -0.4960 * -0.5367 **
2018 -0.1959 -0.1836
year
2019 -0.7585 *** -0.7548 ***
Interactions high income _ o
(hinc X sex) female 0.5010
Null 1841.8 [df=7073] 1841.8 [df=7073]
Deviance
Residual 1735.4 [df=7066] 1730.0 [df=7064]

Note: **, ** * represent the significance at the 1%, 5%, 10% level, respectively.



NER =zzsem M1# ass

Appendix 3: HeiMH[X} HEFAL EHEX]| 5 2 G510

]
i
G
Mo
09

201949 Hel AH|RL AEZAL ID

QRIS
rHdTe nUe $H02 @ FFAL
ol ATl UAHQ et AAE S8 4
AP BEANAY F8/8Y A o
Byslte] AEAA, THAE 43 5 2
S A,

24 ARE BT RH2ERE o Aua g 9 e v
Agole] SARe olele] B Ae| ALEEIA gy Adte] o
EA31 W) FA7] sl wpEAEEE A AR iAol
Aol Bz FA AASZASU

BN o mitt

B = ZAQ WE2 SAHE M33Z0i 2|7{ot0] HIZO| HXs| EF=H,
=20 et 2E SHI WE2 SAZM YL =X 0|20= I
MEEX| LI W

20194 58

x EEL
; i1 ® =MHO|  : http://www.kiri.or.kr/
3) ](RI HYAFY @ uIK : wEHORH J|swm
B @ F& MSA YSET INZE26

(HO== 35-4)

(G 2|of2|MX|AE| LMD

= ® =M0|X| : http://www.kric.com

A ® 0@ TN I ARIHERAREE ¢ 28
KRi - === (02-3415-5111)

2 o =4 D MESEEA ZET HiEER

72 12 ofdfeiHtEd

S/V . g
oIS 0/ o #59 2ol )
A7 3=

(3%12)




SHEA SX

X SEX FAQ Al/Z/AMX Ho| FMQ.
. N/E= A/ =/8/3

2019 = =

L T L

HO|S = XA Sk AR 30|
A2 ¢ FHE &8dh=

5012 515 Al MAIQIEILIAZ0IN a5t AT
DA M AL 9 MBS HRSS 20| SRl | MY
(MELAfRY)
T AE 0E8 007 09 623x o0F
SOl AZXIel D oM ©A ©2d 032 03 ©AME
QFE @Fd @ A2 06 2
SQ2. K72 | thzA © ZATA ® 27
Q3. Zz0iE |0 7jE © 02
X FRINE ER 0L
SQ4 7% OF 5 oioinz) @ olUQ(IRY) = Soa-1woz
O SR @ A @ AAQl HSX @ JiEo 2o
® HeXIol 23 @ AKX FAl U 7 HOX
@ Q&R QR U I K}
SQ4-1 71759t (@ BARt B4 2 1 HeXt @ I
27 SR U 7 Xt
O SRXIHS] K 2 7 A}
@ S0o| HEKI U 1 WX © J[E FA-0IY
T Q0] 20| AFS AfR (D891, 3101 £)
¥ SEHAPE 717Z0l A9, Hol olge Jmx 2T 7 (A
505. @12 Q.
2Ol (Bt M) | JbEZE (B M)
¥ SEHAPL 7170l A, Hol HHe i 2T (A
S06. A FHIR.
O A=) @ ORHES) | HRUIE) @ R
© 191 717 @ B8 717 @ 2ot KHY
SOt (O EPES MOS0 AR B & 220 HH Al 39)
(9 34 AaERe, BE, TR 0lR01E A7)
A ORI R
B o zasizeoet axidz 020 T4
HIFIZII @ 7]t




136 REEE e e EPs ek

SQ7-2. 71 px MY Jpo] THS OfEH HYUIR
T -EES (9
% -RERE F=0s  geE Q)
O ZY/BAR @ HER/ARE O MR/7IEH
sos. emx (@ HUMHEIAT © 84/715H @ Ch e 22
=l @ 5/2/0ie] R} =5
e SERHHEER) O Sty @ SX/7|E}
2g/28Y
X SHAPL 7I7EQ1 AL, SQ8 S SYUSH 7IMal FAHL.
~ 0BG/ HR/ARH @ AR/
SOUTTF o mopEan  © mMISN @ Hakes
o @ &/%/0ie R eiRt Ze
© SERNFAEE) @ Sy @ SX/7|E}
. E I:IOE_I-

DQ3. UeAgh, Fiot EoLa} 71752 e of A SR
% 9lo] 74779l 9ol Bela) 7177 sl BUsH 2

DQ3-1. E219| DQ3-2. 7}7+9] =iy
® &30[at ® &30[at

@ 1F &) I‘_’E‘

® O o)y ® UE o)y

@ [H%I--‘.’—_I O|AI' @ [H%I--‘.’—_I O|AI'

6 Rz/ood pz/oog

DQ4. 715t} A2 1t B4 Aoht BILZR(IL 5 F1et 49 53

o o &




| . AHHES J]0IAIEY

4. (SE7 221 71%) AsHAA s A ARl 71 o] 2 Au71?
@ Ut = E5Hos @ it} = BgHlog

5. (B0l (M-S FSPAA 719Jet AR A4E F50 s B 4E] 7}

By Az 52 71 ojs T e
5-1 HEOEHY O7td @urid | ()
52 | mEsMEsQ, AHBEEHS) | 0 0B | (_ )
5-3 ABH (A S Oy @ HIY | ()
5-4 83 Oy @HrY | ()
) 7123 O @ EPR | ()

5-6 HEARSH(HEEA) O @ e | ()
57 |claps(@edeia 2eeiz S AHe)| O 1) @ oY | ()7
5-8 O{ZI0| R EIB(154] D|2h O @ e | ()
Holo1Z O @ e | ()

EHoH o= O 7t @ H71 ( ral

9| gy | HARHOE 2| 0 @urY | ()
oY Al O @ e | ()




138 REEE s e EPs ek

£6. FSPAA 22 3 W(2017:3~2019%) 719Jshl ABrg i s St HASMET 3)E
LIS AL, ZH9IRE A Aol thsf Ak Al 7THEE A e E ARIA S
A W) TiM] 719 $- AA] A R8Ol Erit WESSIAREA] sl A2

X L2 HASHE VN ol 7HIet A7, S8% Be AJE 7|0 SHAFA L.

{e)
s
ro ox

=
=
re
2
I
H

=
=
=
[—

o
HS ot
g

rr JM
H ol

r

-

6-1 PEEE © ©@ © ® 0

62| DHuEnaY, JunEd 5) © @ . ©® ® ©

6-3 Xfol(afol) 2 = © @ 0 0 ©

6-4 ECE © © 0 ® ©
B CEEEEREEE )

6-5 197 " gUms swE 5) vt @ ® @ @

? Pz © © 0 ® ©

66 HENEHKESY) © @ ©® ® ©

6-7 | PaEE@Ee N, Fuoi2 S A9 © @ ©® ® ©

68 Ofzio[= 5= (i6H 02 © @ ©® ® ©

ERE © @ 0 ® ©

| ot E] © @ 0 0 ©

R © @ 0 ® ©

=19. oS 2Rt FAate] Hol] FA 7i=le] = 7hRIgE ] QoAU Tt o] 7t
ot ZIVdH, 7IRPVRE, U, AR, 3-8, 7] SesE TS
3 A1, ok 7IRIeH AeA] Hiet RS 1] S0l wet 718l AL

3, 6712 771
712t o : S/ BEE
(£7]11) < (H7112) (&H7]13)
O 243
O HYzs O Y | @ H2+UAZ
©® YAZ
olg4y
71l H7 O g4 H OWJIO'AJ H7112 H7
Q) |'|=| Lto|op= ( |11) ® O'A|'—* @ ¢z+4 ||: ( |’I ) ( |13)
® %z ® o g Eiﬁiz
I_EI+ O
L3z @ 2N o o M;
@ H7Q) = E20Wo 2




Abstract

There are few research results dealing with consumption of variable
annuities, empirically using micro data. We analyse the characteristics of
variable annuity policyholders and the determinant factors that affect
consumption of variable annuities, using insurance consumer survey data
(2017-2019) of the Korea Insurance Research Institute. The results of this
study are as follows. The rate of variable annuity holders was 2.9% in average
but it was declining from 2017 to 2019. Regression analysis shows that the
propensity for consuming variable annuities is statistically significant in highly
educated and high income consumer, which is a consistent result with prior
research papers of the United States. Moreover, there is an inverted U-shaped
relationship between age and the propensity. Though the propensity is higher
for female in average, it is higher for male when income levels are higher. The
propensity to hold variable annuities is higher for single females with older
ages than younger ones. The results provide useful information for life
insurance companies to understand the characteristics of the consumers for

variable annuities.

% Key words: Individual Annuity, Variable Annuity, Determinant Factors
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< AEO) v o] & Asfioll M A2l YA sfol7 IS 7RsAdo] H A= A2
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S tEo] 59 Ao A S7IE AT HAg S/ 24515 Carroll and
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Derrig, Weisberg, and Chen(1994)2 =-ZE A E A LofA] FHc}-59] A=
o] ARlo] AEE R AS EARS] AAVSS) Bee A ARE E4sto] ASStE
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ARarel TR Afsfo]l Higt A&, & S19(fraud) A=E S A=H] S 23t 9
AaE e AS AS0I. ARSIkt AL wsiRE2] o2f3t FeS “HH
(Lottery)”oﬂ FHE7] SRt B2 = HlFskaL Q)

e B ze] o2 HHRUAIE WS (tort reform)e R8I HSH YA
T /WA ol BEE S7MI= E3=Eth Brown and Puelz(1996)= m1=+9] 18,000
of 9] A=Y dilEld AmE 24ske] 1980 ml=r2] &sfEld 7Sl (Tort
Reform) X5 7hed| Rk A% 7o) AASAEY diQlulY Bae et 4% 4
TE At 23S A tilEld Rk gt Hel E4wd |89 7
o a5 AeE 29 B olYE FooME fAEES Eole AR UEH: R
Ham Qlsf SRfE 2] et 4% U7 Aashe WA RSt diQlEA 8+

3R

_
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7) BA BAEY dilufAl X|ZH] P3RS Marter and Weisberg(1992), “Medical Costs
and Automobile Insurance: A Report on Bodily Injury Liability Claims in
Massachusetts”, Journal of Insurance Regulatiomr& FZ3}7] Hlgitt.



NSAEY 24 YOIZ KT A 24 ZOMRE FHOZ

ARA Y2 sfolof| et AEApEY HiRlel Y Helw A ¥ A5 Derrig,
Weisberg, and Chen(1994), Crocker and Morgan(1997), Crocker and
Tennyson(2002), Z18]1 Loughran(2005) 5°] St} Derrig, Weisberg, and Chen
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o]l thsiAl= Helas et 2A(Zo)) AlEsks Zlo] 42] HAAI TS A

SoPATE T12aL B gS) 2ot A FE A BRl(verification)ShE R

wejo] ula] ul-8o] ¢ 2] uhEo] o] ] 519 HT-L SN BUFE HTE
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Crocker and Tennyson(2002)2 Insurance Research Councilo] 1996 ZA[SH
ul= BYSARES] tiQlEd A AR 17,0009 71 ol8sto] Aol = HdaS
A5 AFoles HA RS AN 2o AIS1A 02 2A Y2 o] 24 ASA o By
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+= Bond and Crocker(1997), “Hard ball and Soft touch: The economics of
optimal 1nsurance contracts with costly state verification and endogenous
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10) 19969 & 499 253 7|7t &%t vl AsAEY A MR 67%= AAok= B3
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Q1] QU7 AbE}] B, A 25 5o sl 217] BAslgic. THeluAr A M=r|o 5
£9] Eujuisol o] $98 X=H] 589 tuso] Si7Ae 2427 29t ok
45 Aop Ao el 2, BRSAP 378 202 JIdishe Al 93 Tl
A} Mg A J7E XzEh e 2 49, BEshke AFA Ee do] oS
Sl SRt A|=H]o] che) HleH 0 ol RATYS 2 SJeks Aol

Ol AmE AL o] w o] e Ak Ashol thet thluAlel A
SiHEeIA $iAt B2 Thet-519) B 5] A5 £54 sfo] §2le] 9L, ol
A mEA Ho] OAIS Pt RIACT A% ALY HAPGH 52 AAISHL 9}
o}, Aol delildold BEA o R AN AL el Ee] S4ow BT
) =812 FRlverification)she AHTHs M7t Hpshs &8 A4 Lapuct
StefE]7]7}-§olg ulat A8h (soft-tissue injury)2 184 92 Afsh(hard injury)e]
el S ApEAoR Agshs o] A5 EuA o] o] ambdoleks 2
olt}. The: oA S-etetolAE she] AlaiTe] Azlel o] A FE A so] £
o] Sh=A] ofse} A EulA solo] thek HASAlY BAHAS By Sist u

rO

APATSL QMY ZFo] o]Foldl HLuts, & AlgHe(censored) #-Z 319
4 512l =Hl, Heckman(1979)0ll W21 o] -9 3jHAIS: F4Xoll= 2 |
o7} ¥rAystt). HEAE] Hol= x| A HO(self-selection bias)ElE 3R=1], o]
S HoJE HAS| flsiie A 1AE 7hs/dS Aefsfiof Bttt & A5k= ol S8 Sl
3% 2] RS ARESIY S|l39t 2] YRS A8 B4 (selection equation)

7 TRl gt 91 g 4(regression equation) F780A1 Ade 74
A =21t 9 2ol e SR 2ol oIt of¥ A= 74
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P2 AP D=0l AN aggrolA gt

2 s U iBEsEASAPE 2016 7E5E 1187H7] AALS] At s 7}
PAREAMA A1FTE AFARL 19,6054 7R-H, & 9] 7H, Al 9 Asl 73, JA
7% 50l Fsh= 10,0097 Aldsto] BASISIHE 1D &S HSA} o O] RS
24517 ol "i#/go] Wk AZe] U= o UANE BAH HFE A SA]
20169 4/487] AsAEY APFER-E0] 27%%1 A 7ARtsH thE/gdel it S
Tha: b 4= Q& A o= Hl,

(Table 1) #A1E9] 7|& BAE AXSKL . MM A1 (Bodily Injury
Liability Claim Group) T3lAF=2] Aol H2 144, =4A19] FHHIE-2 100%2 Al
sholict. Akmof LER Hat tioluiAr B3 Liability Insurance)2 202.3%F olct.
ol B3> X &@H|(Medical Expense)2t THSettlement) 0.2 A==, B
o A =H](Medical Expense):= 63.39F ¢, gHo)H(Settlement)2 139.0%F HoJc}. 7]&
SAIA YRt tileld A7 15 1A k2 150 AolojM FESEH, ZF AL
119] M (severity)7} QI - oAR-E A ok= Ao Hlrh thEd i Property
Liability), AIARF E3HCollision)& HW oA} HEI1EBodily Injury
Liability Claim Group)®] 7-¢- B+t 149.3%F ¢, 83.1%F Q1e] thelupike tokA] o
= 719] 73-88.59F ¢, 30.67F ¥ o2 LERt: diEZHild el 507t 9 ekl Alare]
H1S(Dummy for Property Liability < 500,000 KRW)X= tQIuiA; - oA o
Aoz Yehglth AL HEo IHZ 0 IS & AR == A 23412

11) 2 32 7|2 ot gk 9A A of 23, A7 of ol&AF AL 2007, ARG
ARAL 2782 HAF Sl 2 Afol7 Q1AL Wit A8l #Pke Adolstr] el Allst
AL AT df A Al BAS =R digld Bdeel 7ISEA ok A
4,0727, el AAl 2F 1,0637, HMEE A 2F 3927, s w 22 e A
& I 2F 9767 9 A= YUY 27E At 7S A%t £2 7kt Ash
5o 149 o199 A7 2267, 910 o] e ¢ 2,245%, S ISA(A]
=H|, g, oHidE L A 4 diEid HeE, gelE vlE 9 4 #HeEol
1 HAl gt ofst &2 99 WAL oo ke 2= 739) 2897 AQlskir:



MSAEY 2 oz Xz Al 24: FOMLE SHe=

=]
of injurer)S EH, TS

Fol &2 2] HFo] et

X
-
ot
[
mﬂ
>
rir
ﬁ
)
b
o)
=
g
ox,
o
A

Q_L
ro,

ol
oy
o|r

(Table 1) Summary Statistics

This table represents summary statistics of two groups: bodily injury liability
non-claim group and claimed group. Severity of accident such as property liability
and collision and age, gender, injurer's premium bonus-malus grade seems to
influence on whether to claim or not.

Bodily Injury Liability Bodily Injury Liability
Non-Claim Group Claim Group
Variables (8,219 Cases) (1,790 Cases)
Mean Star_wdgrd Mean Sta'_‘d"?‘rd
Deviation Deviation
Liability Insurance 0.0 0.0 202.3 138.3
Medical Expense 0.0 0.0 63.3 61.9
Settlement 0.0 0.0 139.0 91.9
Future Medical Expense 0.0 0.0 100.5 74.1
General Damage 0.0 0.0 22.3 13.2
Income Loss 0.0 0.0 8.2 20.6
Property Liability 88.5 101.9 149.3 148.2
Collision 30.6 101.3 83.1 194.9
D e 035 0.48 0.21 0.40
Age of injurers (years) 45.3 13.0 42.9 12.6
Gender of injurers 0.65 0.48 0.71 0.45
pummy for tnurers 0.04 021 0.06 0.23
Days of outpatient visit 0.0 0.0 9.9 8.8
Days of hospitalization 0.0 0.0 1.2 3.0

Note: Unit of Insurance is 10,000 Korean Won(KRW).
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884 5879 (Random Utility Mode)o] w2 theleiat 37 242 37 A &
87} BT S who] H8FRHTE 2 A9 o]RojAITk12) oi7]olA Crocker

and Tennyson(2002)°] 7Pt th23} -2 G835 &3t
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of71A Wiz HPAO] A, o AFLO) A SR A1), g MRt St
&3], 223 1(y) = WeiRte] F4o] wet BB AFY Ao s By
oI}, ¢ (z — y)* = WBhAe] L3 gl Wagh ALkA A4, WS A, 519 d 3}
o BT A A WS vl8 59, FHe £t ATt 242 oo v A
ATH13) gl Thelily H7E S b A Walte] w84 U (W «) 22 1
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Ao T BT AL XS ofn] HhE Aldolch
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7] whge] Wat Reshe Hlgo] AX\gk HAh 2 59| ARl AwEoR 9ol 7}
5517] whzel] walEpt o olmcka Fgsty] el Blge] o sasicky sbgal
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BV 7t BEYTFEES B 5102 1Yo ebu]EEe TEH(Probit) B
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1] et (settlement)E F-= Sh=tl, Hlwolu F4 T8 AASAEH 9 fIR=S}
FARSICE 1) & AFolAe = BB ol A de #4611 sl Crocker
and Tennyson(2002), Loughran(2005)3} Zo] tha3} 22 FolHSET,) AF4
WAL A5t 10

14) o] L (Table DONE 1% 4 e, hlg H7153 134 ke I5lA
B BEE,), AR BERz,,) 5 AL ARZ), AR 289l ol
(212 Ay, TATS 57 19539 Hulis(e,) 59 SRUE(R)7H 5 1500
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15) AR PEZN ARSEE PO LARYAS Yok W F S PR,
Fop} olFolqE WEAL WA ZRHIE dolhe BEsA] MR TS
A 2= Sick. SIS SHSHE e HHCE (Duae] SFERR, el ofF
sa) @ 57 5ol

16) eI HEDL AzHleh AAREDY Fo2 TR Loughran(009 A
SHEIE) 59 BPAS (1-fla+ fs 9 HFAFOR ehhn ek o714
B 7AEA, sk WSt ek XNmH, ok BESE WK Eoleh o) me
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SET,= (1—~)§+ yo MCL,
= (1— 7)o EMCL+ o MCI,
= (1—=79)oMCL—¢)+ vyo MC],

919l A WA Alof|A HASAF AT 4= Sl TEHE 4, 65 BAPgoletal gt
v 710l & BHIAPE FE 4= Sl BEE(ED)oltt 0 MCLE A=H 9 I
g HIER AFS AFoks BN TS gttt 65 HaiAte] Aoleaat A
11 /g8l SAs 43 AmH] EMCLY ovlietal 7o BEsIAL] dioluid
T A iofl tigt FOHSET,) B 919] F WA Ao & 4= qrt. 121l A
2| g7Hlet 2435 2|8H|Q] A} e = MCL — EMCL & ZoJoPH, o3 Al i 4]
o= vjehd 4= 9Jr}. Loughran(2005)2 €, A4 TH 3 sfo]= sj4star Qlct.

2 A1) FEWSE AmH|(MCL)9}E 2l B PROPTL)S] ANl tigt o
O}F9] HEgo|th18) FolF HIES B0k olf= EFIAN] BAHAS RHgsh] 9
ol Loughran(2005)7 AR 21(2014)04 Weht Ea3ALe] BAF7 Ao =,
ARl AR ZASHA VR BEEES AY(initial reserve)stal AHE FAofA A
FH|, Ageeid], FOHPIRER) S AR 19) Agseils BESAM] olgollA A
Al HUA] FARE A &Hl= HoiRiE] F3H4 ARl Alwof| weh Wsd 4= Qlok wtt
A BRABIAL] B ao] ftofg Aol &gt AmH|E vHFSithH(y < 1), B3R}
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HYB}F B o] 24 ApmoA ISEHEA| AESIH. ot (Figure D& &
EHS ;9] SIAETHS, <Figure 2)+= A=H]9t thEsid) Helao] Aol diet &
= B[&2] BA|(Scatter plot of y; to Medical Expense and Property Liability)& &
oL Aek. (Figure 1A Lrehd: He} 2ho] ol Hl&(y,)°] 0.5 ~ 0.6 PRIl T
AT 7S 2 A=, 1AL gho] 1 ol oA Al e WolA|H 2 o4
9 = = e BSE dolg BlEo] Bt 0.66, HBEHAR= 0.38, &gk
0.133, H|HgE 3.2002 eyt

(Figure 2)& X =9 A qH|ot dizdld Ede FAVE AZSE o= vl
HF 202 ZHashe Bg2 Holth &, FolF BlE(y)o] A&B|(Medical Expense)Q}
== d=Property Liability)oll Hisf 9] BAIE Hol=tl, ok AV Z3lE ol
A A zH], 2 ], AE(9IAtR) 5= AFsh] dlzol A =H] 71 tisf ela
o] £ol57] Wl Ao Helth

(Figure 1) Histogram of ratio of (Figure 2) Scatter plot of y; to
settlement to medical expense and Medical Expense and Property
property liability (y;) Liability

Ratio of Settlement to Horizontal Axis
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o e wdsoltt Amule QR I) D AAB), T ¥ A4S
A8 W, > b)), JEE 99 duuieel o U4o] AuAg wh
(m < v,YE0) AATOR AAHA. Tel3 A JES APHOE WgsH] 9]
A TR B SORT o) RISz ), ZPRA0R Wigely] Sish Al £
o] SRE(R)E SUAFE A 25,9 RO Al 7 W50 71SEAR
(Table 1y& B3] Hlebk, u = Wato] 0 ol HEWAP} 0, 9 AFEEE nj2t

S0 ) = 9 U] HlE(inverse Mill's ratio)°]tt.20)

4 4
Y= 0,0+ dyh+ d30,X h+ Zﬁ?moz‘jvi“‘z ﬁllcmilkvi_’_ 3
j=1 k=1
Yo zgi Ty Bt By A+
u; ~ N(0, o2).

ol =alet AA X=H]9] 20| ¢,+= YmIH 79 TluHSo] FRHo=2 HgH
th2D) o= (Table 2)°04 ERIF 4= Ql=dl, <& =01 F+ AR i7} IR
(Oriental treatment) glo] 91¥(clinic, m = 1, BF X&H] 22.1% Do} =B
(Hospital, m = 1, Bd X|5H] 54.55F oA X85 WIrhd X F8|= B 555
duch FA, (9] g F2 Aojtk2d) ¥ TRt 7t HY(Hospita) T} Y
(m =1, B A=A 1135 9), T2 AFEEYU(Superior General Hospital)ll
A e A#(Medical Treatment)® H(m ;= 1, B XFEH|(mean medical
expense) 1247+ QoA A =25 HOITHH o}E9] ¢, gk Z AoJr}.23)

20) 9 W9 vl FAYERREOL FEULY HE (\ = ¢(@Z+ FR)/B(aZ+ BR) )&
Aoj=]1, o] Hl&2 HiRMMY A4 2 FolN =&Hoh

21) Loughran(2005)2 Aoli@dEd X849 589 HuHER ¢, & 73519t

22) <Table 2)°l4 2 tiluiid H5- ARl 1,790 5 1,020 oA oY, Y, EHY
oA FHIKIE Y Qo] ARE W= A= Vst AZHl= He 559 Yolth

23) (Table 2)°1A4 9=71# §Ftju| H4(Dummy variable for Medical Institutes)
m "= TieluiAt Al i7h $MFIR(Oriental Treatmend)(k =0, 1)+ o oj&
71& S-8(Highest Type of Medical Institute) jolA &5 ¥R 739 19 kS 7z
=t k=09 F9= IR glo] oY Q8r|oA, k=121 Fole & 9=
718 ShIRIRE Bt 88 W2 ALE BARI Ad JB5U|T 82 HAIS
= jE& 99U(Clinic), HYUMHospital), ZrHA(General Hospital), AFFEsrEY
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(Table 2) Mean of Medical Expense of Type of Medical Institute

This table shows number of claim cases (NOB) and mean of medical expenses (MEXP)

of each group of medical institute. Dummy variable m fj takes value 1 depending on
oriental medical treatment k£ and highest type of medical institute j. Oriental
medical treatment index variable k takes value 1 if claim case 4 received oriental
medical treatment and k= 0 if case i does not go to oriental medical institute. In
addition, j takes one of western medical institute such as {clinic(j=1), hospital(j=2),
general hospital(j=3), superior general hospital(j=4)}. For example, mfj::% =1
indicates case ¢ received medical service from {general hospital, hospital, medical
clinic, both hospital and clinic}. There are 89 cases serviced only from general
hospital and mean medical expense is 330,000 Korea Won while 7 cases took services

from general hospital, hospital and clinic with 768,000 Korea Won.

Lower Type Dummy Variable for Medical Institute
of Medical OoMI
. 0 1 0 1 0 1 0 1
Institutes Mgy | Mgy | Mg | Mgy | Mgz | Mgz | Mgy | Mgy
N NOB | 423 209 300 122 89 60 1 8 212
one
MEXP | 22.1 | 87.9 | 47.7 | 101.0 | 33.0 | 118.0 | 11.6 | 85.4 | 68.2
NOB 108 62 55 38 7 4
Clinic
MEXP 73.6 | 136.0 | 57.2 | 113.0 | 91.7 | 87.1
NOB 38 18 5 1
Hospital
MEXP 68.8 | 91.8 | 42.6 | 239.0
Hospital /| NOB 7 10 3 2
Clinic | MEXP 76.8 | 155.0 | 96.5 | 133.0
General NOB 2 1
Hospital | MEXP 146.0 | 98.8
General/ | NOB 0 1
Hospital | MEXP 0 249.0
General NOB 1 2
Hospital/
Clinic MEXP 93.8 | 233.0

(Superior General Hospita)¥d < Stk & &°] k=00°]1 (j =General
Hospital) m k::(%_@tgg = 1 olgpd iRl T ARl oA FeiRbt K EE

ij
gz okoln o #1xrt FEEER U A9 23 (T A(General Hospital),
HY(Hospital), QJY(Clinig)elA ARE W2 AZ ughtt. 7|4 7Fseh Ae A
2 {8 U(General Hospital)), (88U (General Hospital), H¥(Hospital), (T
HA(General Hospital), 2¥(Clinic), (38U (General Hospital), ¥ (Hospital),

S U(Clinio)toltt.
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General/ | NOB 1 0
Hospital/
Clinic MEXP 298.0 | 0.0

NOB | 423 | 209 | 408 | 184 | 189 126 20 19 212
MEXP | 22.1 | 87.9 | 54.5 | 113.0 | 48.8 | 116.0 | 92.0 | 124.0 | 68.2

Total

Note: NOB indicates Number of Observations, MEXP indicates mean of medical expense;
OMI indicates Oriental Medical Institutes; Unit of medical expense is 10,000 Korean
Won and NOB is number of cases.

3. 714

£ Aol FFok= 7K T 7Aook A WA 7L oijlal A 2753t 3k
w2 T ofFo]al 7 HA 7S A(2)0M HERd 2ol =B &pol(e,) 7t A B
Ao)F vl&o] stetoh=A|9] offto|tk A ¥iA 7S S5 | fsiA H-a7%8w
w BlE2] AARE 3% Al At 284 R m Sgsket, 4lG3)
9] g, A7 BAR o= RuIRt FO| FoE 2=t TRl B ey dow
o] FO| JHIAE 2L, 6, 7F &9 FoE Zh=ttd 2o JHTAE 2=t oA
7F e A% WA SEHES 0,9 ol vl W AY] SEES v, 7T TRt
o] A4 o 3ol o HEF A ¥ (bivariate normal distribution)s TREr}k

ol el A7 247} ool MgAE Lo

pON!

o714 BAT-SAT FE2 et 2ol YERE o QAL Ko ¥t po, 2 pe
‘Aol

= A e Xm Z710] et gold wge) Wsle 2e 4 ), o)A A
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13 3443 = th29] (Table 3)¢} (Table 4)04] Hofs=al Qlct. (Table 3)& 4]
(DSt A7+ 24 WA F4EE, (Table H= A(3)2 + 7K Hd= 374
St AiE Holgn vk 2 12 i 24Ae] AIEE HREE viAIRE Zo)a Bl

= o] HpEo] ote ot Kl 13 Bl 25 Hlwsto] AR 2Rk St
A S B3l FolFoll FT= MIA=AE ARSI

(Table 3)2] = ¥4, Al HA B2 S|HARG FHX2} BELARE, vl A oAl ¥4
2 HAlaTe] FPR| 9} HEQAE HojFal Atk Sl avks 4 SHHaEo] gl
UV A gl PR A 9k HolE A A BF SAZCE &
ot Aog, Tl Yol AdEE Yetle 2784 0.075% Uelt: eHA|ax
£ 29 diQluly B AR 7H & FF = Hge B A9E died Eee
Sz yehgdth 123l 271 A AR HEwo] I3 FoRt Aos yE:
o2t Adl= Al £olE ST AL A=l wHt AR AA Al A=t YRk
7] ol thelule A7+ 278 EHEo] okl sfafe 4= Sl

A A SRS Uetli= ¥ 1y, @y, 15,2 SHA FEAEE BT 5
AR o= Folgt A0 & Yehdal Aot 2Ake] A} RISk 5+ 1-95+ HH¥
59] S| a= Z47F 0.03529F 0.0368 2 2 1A4% tiedi} g theog A 408
BT 20) 2, O] A7 29 RO 5 Zh= 22 Uo7t ofdE =7t &= A
= ufshal, ST, How IRIASEH 1-95 58S A 244 fd=rt
ot AR ArF =31, o] = Qlsf wsiRte] thRlEld A gEo] ok 4 E= Ho

Zr}.27)

20 WIYE 57 1-957 LaA) A Alaolele] Wk B 101%014 200% &
oFd % glid, 3 AwmolEo] Sk AL Aoz JHEst Erka & 4 vk

27) AT 2R QRS WSS At BRE FstlE AT 24 WA F42
3o} 2(3)0] Zgdne] 2 daFS FINA e o= bk
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(Table 3) PROBIT Estimation Result of Equation (1)

This table shows equation (1) estimation result. Severity of accident and riskiness
of injurer driver variables are shown to be effective on bodily injury liability claim
decision. Also, marginal effect suggests that accident’s severity variables such as
property liability and riskiness of opposite driver such as bonus-malus grade of
injurer influence bodily injury liability claim decision.

Estimation Result Marginal Effect
Variables
Estimates Siteneiard Estimates Sl
Error Error

Log Transformed 1y | 3557 0.0227 0.0933** | 0.0053

Property Insurance
Log Transfored
Collision Insurance

Age of Injurer Driver (x1,) ~0.0086*** 0.0012 -0.0021*** 0.0003

(Ty) | 0.1460"* 0.0329 0.0352%** 0.0079

(z9;) | 0.0765** 0.0073 0.0185*** 0.0018

Gender of Injurer
Driver

Dummy for
Bonus-Malus Grade (% 3,) 0.1524** 0.0683 0.0368™* 0.0165
1-9 (injurer)
Constant -2.4837%** 0.0108

Psuedo R*= 0.075
Note: ** p{0.001, ** p<0.01, * p<0.05

(Table 4) Regression Estimation Result of Equation (3)

Significant coefficient estimate of inverse Mill's ratio suggests that claimant's
decision on bodily injury liability and settlement amount are correlated
significantly. Coefficient of Determinant suggests Model 2 fits better than Model 1.
Model 2 estimation result suggests change of settlement ratio ¥; decreases with
claim cases treated from higher type of medical institutes and oriental medical

institute.
Model 1 Model 2
iabl f.
VERES Coe Estimates SE Estimates SE
Days of hospital visit (A) 01 |-0.0085*| 0.0025 | -0.0086™* | 0.0025

Days of hospitalization (B) 04 0.0143 0.0073 | 0.0190** | 0.0072
Interaction of A and B 04 -0.0006 0.0003 | -0.0007** | 0.0003
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Interaction between hospital visit and Dummy variable for Medical Institute

j = Medical Clinic, k=0 9 1 0.0184** | 0.0032 | 0.0194** | 0.0031
j = Medical Clinic, k=1 B1 0.0091** | 0.0028 | 0.0072* 0.0029
j = Hospital, k=10 9 1 0.0130™* | 0.0029 | 0.0138"** | 0.0028
7= Hospital, k=1 B3 | 0.0091*** | 0.0028 | 0.0102** | 0.0028

j = General Hospital, k=0 9 0.0102** | 0.0035 | 0.0117** | 0.0034

J = General Hospital, k=1 B3 | 0.0084** | 0.0031 | 0.0102** | 0.0027

J= Su"eriorkc}_e%eral Hospital, | - 50 | 50092 | 0.0070 | 0.0097 | 0.0068
J = Superior General Hospital, | - g1 | (4475 | 00055 | 0.0082 | 0.0054

k=1

Dummy for Property Liability
< 500,000 KRW

Yo 0.2748** | 0.0277 | 0.2008"** | 0.0294

Age of opposite driver Y1 -0.0068*** | 0.0008
Gender of opposite driver Y2 0.0750** | 0.0207
Dummy lor Bonus-Malus 4, 0.0669 | 0.0426
Inver's Mills Ratio By 0.5623** | 0.0138 | 0.7369** | 0.0277
Goodness of Fit
Correlation Coefficient p 0.8634 0.9425
Standard BError of Eq.(3) o, 0.6516 0.7369
Coefficient of Determinant 0.8070 0.8141

(Table & FoIF vl #9954 ()9 373 ZHE Rojzn k29 = 717 =
o] ZYARE BT 080 oo SYusFo] FolF vge] wskE 80% oy 47
S 9lek. 2 29] AYART R 13k fARIERE AL A 2HAle] FR we
| el vl sk o] slofshe /17t Ak 24 Sjufaich iy 274
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ook B oA mey mev SYstck R v SH Beislel, Bd 13
28 20)4 3,1 B 5% 1%014] BAACE 213t 0.5623, 0.7369% ek,
ApiAo] 29k w1014 0.8634, B 2014 0.94252 Uehge, o] Zzke Al
P70k SAREA S ol 4T ARl SJSiRIEe] el T A4t 3
o Afolo] HRTHAVF ek 2 olelatet. =, et BEAL WSS Wolte
TEste] W X|ES v ] Qlrk & 4 9tk

28 13 29 29] 4, 5, . 0, FAXE HlEAR, 5,9 5,7 2D 1014 AL

2 9] RS Ao UehAet 6,2 e 19} 29 2014 BAH ot 257}
fABlE 20 BEE 2 5,2 Aulak 4ol U HoiRrEe] o AE U4t ol
958 X olo oy HEF o] POt vee BFH0R Padits 2 o)

og7|# G n] Mo} oz o] ATHMSE| IAASES AFEEL 4
3 815 AlQJslal BF o] BE S 2 BAHOoE ROt Ao Lkt
= ol 13} 5l 204 B ueRgst, 5 3 5 9] folAde] W olg=
AFEIH YY) BEA7} SRR Qs A9 207, TR Y ATt 19708 27
HEQl Ao Helth o5& AR UHx| 2459 Ak F 7] EHoA
B> By>py LB > By, B> 0y, B3> 05 o wA= U o=
o) 7} 2e4E, TE]u YIRS WA Ge4E golF vlgo] AXE AoE 1}
ER}, REspL golag lEH o s o XFshs A o8 Bl

= WA 7HS A% 98l A "9 A 12 (Table 5)0]l XIS ek E3RIET}
Sl 4% ool QedlE S1RE e 79 FolF vl 0.02007H AL, B
2 Al 0.0234, S 2= A] 0.0213, AFSEEH 2= A 0.01942 ol vl &
o] Z7} Lo ZolE1 QIck. =, BFAQ AZH|7} 225 YojlA 92ut Yoz e
ol vlgo] stekdit 2+ A 24 95%AIF TR 02 FFsHA] it Qo] A = B
Aoz §olsiA 0o] ohd Ao Ut 2t joll thet 95% Al=l7te] FX= F1ko]
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of thar] Bt g e 1 e 7 A §9] EX(empirical distribution)E A
E|oldE Bl AXTE 4= AT & Ao] HRIE dolA= Ao THsio] 34 A
A2 FAE

(Table 5) Estimation Result of Equation (4)

This table shows estimates of change of expected settlement ratio(y;)

with a change of hospital visit. When k= 0, expected settlement ratio decreases
with type of medical institutes higher (as average medical expense increases). That
is, an insurance company tends to lower settlement as medical expense increases.
However, my estimation result does not support the relationship between
settlement ratio and medical expense when k= 1.

. A‘; A}
j : :
Yeded | = s,+ 5y | Mot | — 5+ 4 5]
Medical 22.1 0.0290 87.9 0.01682
Clinic (0.0145, 0.0435) (0.0024, 0.0313)
Hospital 54.5 0.0234 113.0 0.01987
(0.0092, 0.0376) (0.0056, 0.0342)
General 48.5 0.0213 116.0 0.01986
Hospital (0.0064, 0.0364) (0.0048, 0.0349)
Superior 92.0 0.0194 124.0 0.01781
General Hospital (0.0008, 0.0379) (0.0009, 0.0347)

Note: Parentheses are 95% confidence interval and unit of medical expense is 10,000
Korean Won.

IS At AT = S F710] didt Wt el vlEe] Hske 9=
TR FEIEH] ok A 0= Hnk hiRlETt Sl 735 dollA QikleE St
T o S 35 gelE vle2 0.016828HF HORAIAIRE HollA e 7% 0.01987,
S 0.01986, FESEHEZ 0.01781 T =OoMA= A 0= Yt ol hY
=7t Hyd 739 Q57| o e Azr]o] o7} igesiA] ¢b7] el Ao
2 HQink RS TR 2 4% o9, ¥Y SR, JETEYe A=l

22.19F 9, 54.59F 9, 48.8%F ¢, 92.08F Yo & o] wet F7ksh=t], HRl=TH Y
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Abstract

The paper analyzes a sample of closed automobile accident claim cases
drawn from a large Korea insurer in order to test whether claimants decide
bodily injury claims for settlement payment and the relationship between
settlement payment and medical expense. The test result shows that minor
accident injurers intend to claim bodily injury liabilities for settlement
payment and that claimants receive proportionally lower settlement payment
when medical expenses exceed insurer's expected value. These results imply
that the indemnification schedule of a Korea auto insurance company seems

to deter excess medical expense as literature has shown.

% Key words: Ex-post Moral Hazard, Automobile Bodily Injury Liability Settlement,
Sample Selection Model
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Z8H 3= FARd Y. ZEEY = BARRARE B0 523 &2 wE Qe

jug

o)1, BARERE] 7ig-2 E R E(Duchin and Levy, 2009: Tu and Zhou, 2011)D
9} Ao Am]ojESHHIY AL AR1(1596), Markowitz, 1991, 1999; Rubinstein, 200
VA E AF=lE edE F8FATIHE Foll g 7FAolth. Markowitz(1952)= H1¥
I 0] AN EAEAO] mEhH AR Bl HHSHoptimization
function)g AXFOEA] ddf ZEE]Q o]29] Fa7 I AT, 1 F=2=2
19919 ZAAS}H wilidS wiolket. 7t AQRRE 23l S0l g disl 7 2
FO1& A s 52 Frolxl =000 tigf 7MY 2R TS AEE XEEL] 09| A
Eoll it FAMISS 2G5t &, M a i e REEZL o= A3 59
ZH9] Aefol 2 YA 24 REZE| Qo). of7|A], HA3Iglro] JEHSES
HLEEZLQE Hoks F4E9 vl Tt digt 7Ioi4e], REHAL g E o]

37HAleltt. o240, mE7|7te] dHRIEo] Folnt, YT HRolA A]ul

o s AT A or ZIHRt. 58 2okl Fama(1970, 1991)= #4714 <&

D 24 9 A 2FE0A A EE Al FEOE irojet 4R d2 EXof|, 4HE9] I
2 ARdoll, JE)3 YR 4HEe] 42 dFo= HFdlel = WEoRE BAEAS] S
AAET. &, 5L7F ZEEZTQ W) gt BAREAL] sidgiitt

2) Rubinstein(2002, p. 1041)= #lUA9] AdRlo| 2&E HAE Ql8ste] AR 7id
< AN HYA Q19 diAke thEat Zoh AR dsH 1S ¢ gioi gy
ventures are not in one bottom trusted). W AL 3t 3o BFE AAY Bo BE
2ol B2 oW Nor to one place, nor is my whole estate). W=k Algo] & ot
9] 2ol AR Lo Upon the fortune of this present year.).
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= &S 2] Dol ARl aed A7HdS ARSIt Brinson, Hood and
Beebower(1986, 1991)= tl= 717 HEMYA A A58 3t AAbA e s o]
UTHL QIS offths 43 3, 1715 HE AJahHBle] 90% ol/do] AHiHiEs
o] ofsto] HrgHth= 454 SAE AN &, 759 $24e 4%
o}, 3HH, o202 7|7t AHpEo] Foi7l AR 7Sk Markowitz(1952)
9] Mok 2, FAoAE AEeR{E Z2hs YYWSE o8 S| gk, 1
HEE AR YW QR Bt
RO EA dEeR7] FFFE H4T AR e, 1™, 7EAT=S JH35t
7t AR Q70 wie- Yzt A4 $AE AAISIATE Michaud(1989)+=
PSR @570 it 2 Qlo] Aol Argsl= B A= ZEE

2o Exjo] wie AT bR HRE ATHEE AL ALSYT Best and
L AL B} ol A4 REE2] 97} THRAES FoA BE F4150] BEE FA]

£ d7e dEis 250 i 2zl T 24
SRRlro] AR ool 270 JFES Hoh 2 Tes 8 dlow VERith
a1 el et AEATe BaTel 24T HasRienT A4
He 4 ZEZFQE tjioz FHARA XEZFQ(GMVP: global minimum
variance portfolio)2} 4 ZEEZ|Q(TP: tangency portfolio)7} Utk FAEA I
EZT|ee 99 Hase] S-S USAVIES HIFAEe] FAMIS S 270k,
A ZEZR| 2= FAGHARL IR ) Hete] Z4grE A =S 45
=9 FAHIES 243t A9 2ase] Bl QoA ZEEZT L fde 74
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7IHEDFAEATR) T REE Q. EFHAHZLIH) ofs) 2=t FA-9%
Friste] 2Rk ZEZEL RS SO w2 T de FHE B2
e HEEAE ZHs FAES B Aok, O AR olf FAE Bt B2 &4
HI5E viEshs Aol Atk 2=, vE7IRe] deiis QR HA3lekee] s

dJzeie 7Idek] oldtks 2 Fstact. ST, BASKN: WARRE ol gste]
TEAGTD)) Bt $-83 HRE ATY 5 9] vhiol, FEAKATF)Y] 57
2 24A% NS A o Stke 22 A4sigih Elon, Gruber and
Spitzer(2006) °Fd BEH AN QAFSH: AL IARBERE vl F45
82 o284 Qirks Zolx| Bl AL ISShen] BARES S84 et

= 7o) obde AAshaL, Ay o W AXSAT JuuEe
SR 4:0] Aol A Aol 2L WEAY)E EEZe|0 S Tkt 2% 24
olc}. St EEET]Q THFAS 110] ARAEL c|ZHFo] OJESH Y]
ghrel, BEEAIN: G, FAFALS 7o) Al thet S4A0]7] whEe] mE 34
Sol vhet JeAE ASsHe AL AR ofgt FANRREE A& o]
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AR A88 7o) AR =k
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Jorion(1992) 52 YW,z HEATYH(SC: sample correlation matrix)& °1-&-5}¢
A}, & At 71EAoA ARk A E RS Al 7R E ERRith A, A
Jo] 3715 2Ask= F4ursaoltt Elton and Gruber(1973), Elton, Guber and
Ulrich(1979)= AZ0=® XEEQ FFAS 119 JHE 27|15 278 9+
S3H(CC: constant correlation matrix)2] FHHS 1513 Elton, Gruber and
Spitzer(2006) AHIH] A3 E ] B o835 Y WRQ e Halst
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2ol 2 AJBBAZ 27] thizo] HABRIS0] Yeiuis Asrgel vt ol F45
& S o] F]sohgo] B 4= ek, wheo] FEAo] A ghs FA1E 1o v

HTBAES 2] 20l HASFGLE oS FAIS0] HFE 1O FANIFS sk 7

TS et o7 S8 A7 HelE RojE o AR 4 Qs 38Rl &
Jof| sig3tt. Chan, Karceski and Lakonishok(1999)+= Sharpe(1963)2] ©A(A)

82I%%, Fama & French(1993)2] 389158, J&]11 th9] Q1o & A thalln
Y 5olM 4 558219 Qs K factor loading) 2K E AAYPAES 4513
. tj3zoz T QoA E(MC: market correlation matrix)2F 38 A1 H
(FF3C: Fama-French 3-factor correlation matrix)°] |- 8%t} o] FHHHS T=Q
Q159 &gk WG AT E S o8R0 BA =2 T8 2 FAE0] tie &R
HI% 7|11 9] FAREE 7AdsiSict. A, A Bt 20k AR E S 71 Bt
A EE ol8ok= oIty HEATEL TEEDQ FAIEC] #HE e A
HE 33kole vEEoke AR E o], 35890 Riet JHE S SA1E HE
TS o 0K Aol Ledoit and Wolf(2003, 2004)°] ofsto] 19t
shrinkageH-2 & 714 A3 o] 234 JEE 715H+ of= Aolvh 19k o]
71 A= ARTEEO) et = SRAIE Y FHQFE A= B4 2] 84

T 011, AR 7AlE FAEY 3500 tigt 2gvls IS 3ithd) &, ARt &
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E ZA3I) ol52 YA E(CC, Ledoit and Wolf, 2003)7 ©d. 821415
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ACFE & /A, ARFRRIEF WARE & 1/AE) 59 Tl 05= FE3iich
(King, 1966; Roll and Ross, 1980; Trzcinka, 1986; Brown, 1989; Connor and
Korajezyk, 1993 5). FAARZRE FE5= 38052 A9E #& F7]9 &
< WAL 320 BARQIe] 7P 2 Al AR89 4/dE Z=tHEom, Jung,
Kaizoji and Kim, 2009 5). APgolA AEl= F452 453 slete] A< Hst
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3) Ledoit and Wolf(2004, p. 115)= =89 ¥20| shrinkage 7ISXE A&Eshe= 84
IS FAFCRE AR, T3 =84 Igof| gt T2 I3 FT(matlab m-file)&
Wolfe] Edo]X|(http://www.econ.uzh.ch/faculty/wolf. html)o] LEAAZ Z7HsHL
Qlth. B AqtolA AAISH AZIFYol|A shrinkage Rl BEE BES JEo] AlF
3t QEAAE th2Hlo} o] 8519
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A Al RS EAOA ARE FASE o83ttt AEdt AE el 4w
2 Eom and Park(2018)2] -5 what HIARASTIE(NCO) 2 Bl ide] thafst A
TP E O] S o8It} PFHWHS9] oS R0 WE JFHE SRIsh] Hote,
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oA A & A HRAE BE FASS ZRE 111470 7NEFAIES 40 o-83ith
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(2008)9] 4= FHESAES AHEAT ASET FYH] FFS Y= SAE
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ZEED R, 7RIS ZEER| )9 7] FHE FATE H4 2EET(FaE
AP ZEEDQ, HA REZEQ) 70| tigt o3 Ad, FAMTHARLAGIA), HS
SPYE(H)9t BAFFAY (N9 ASETE ARG ZEER]Q 74 S tid

SApE0] BAFEA AEoL HEE A5 AR theo] A%4S Yart

_ & nz; = 1 w; > 0

NZ j;nz] {nzj ,w; =0 (3)
n2

HI= Y u? 4

Al3)Y] AR SR = ZEET L Y 5745 FollA] 00] ofd 9n Sl £+
8l (non-zero weights, w, > )& 2K 5410] 3212, %8 Fhe JA4E wurh 4 1
AR ZEEHQE Uttt olE 501, 50719] 408 FAHE ZEEH Q9 o
Al NZ=502 H5HA &4t B4 ZEET| oty U7 ZEED L} 77 X
EEYQE AMdZoR HsH #AREARE REER|Qoth FAH|SS e S
(n2)°] tste], FARRISY] HEH Y53} 7= 442 slHEA|(Herfindahl index,
1S 0}83) ZYFILk oIS Bol, Yt EESTI QL —of WAjo7] g, 507)
o] 2402 T4E TESe| 0l #=0.029] ZS ZHer) mebA] 2 gk ke Aon
REEYRE oks 4= 5 45 =0l H5E FAPRISE viIEtt A& vt
3, AL G 2he B9 TS 2 A iR FRHISE 9RlEith <
DO A2 = v ZEEYQ, A TEETQ HA ZTEEYQF JLEsto] 4F
w2

WA, (Table 1)9] ¥l XEEZ] Q9] HFAulo|tt. 5U7I5 ZEZI = 7TH7IE
REEY Q0] H|wsto] 2012 AT 9IF2 F2 ol &, 5YHE ZEEY Q9
AP TR| ST 7HA7 S REER Q. Wt w2 ¢h2 ERlt of= f9a 4~
TYNS ZEEY QUL 7S ZEET] Q0] H|Wsto] S-sith= S ofn|gitt. o]
o O] 7RsS A v At 5Y7s ZEEY L} TRV REEY = A
Ao g RHsH #A4F FARE ZEE Qolrh. FAM|S i Alold U7k ZEE



WA 7RV ZEET QT SUIS XEZ 0] Hwsto] 8H ol w2 #E A=
AoM 2780] Ald. 2= 7RIV ZEZE| o= HEHE FAMIS vl 7|5k
AT} FARHolA L7 ZEET] Q0] H|wsto] E5oH.
ThEO =, (Table 1)9] XaiAt ZEZ ] Qo tfgt AFAT}olt). AEA ZEET]
= 597 ZEZD Q0] vlaste] W2 ol W2 S et AJHPEY] 4
S SO, B IERYE S o8t At XEZL| 0 ThE ALl vlaLst
o] HH) ot F+)2 FAVIIHALAIIARR)E 2H0, T3 2 e w2 24t
FAAHEE A 7414 4523 ZRlst vt Zrt

jﬁ

(Table 1) Performance of Optimal Portfolio in 3-month Holding Period

Return Risk Sharpe ngﬂndahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0193¢ 0.0140* 3.10° 0.0200
W (1.65) (12.67) 2.72) 0.00) 2000
0.0169 0.0183* 1.49° 0.1654*
W (1.53) (11.46) (1.93) (40.87) °0.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0076 0.0055% -3.56b 0.1519%
S 1.17) (10.15) C214) (25.32) 18.32
-0.0131° 0.0054° -5.68° 0.1834*
cC (-2.35) (10.66) (-3.60) (20.05) 17.27
shrinkage -0.0096 0.0053% -4.59° 0.1610% 18.38
CC (-1.58) (10.19) (-2.78) (24.18) '
-0.0058 0.0058* -2.17 0.1199*
Me (-0.79) (10.12) (-1.22) (24.76) 2295
shrinkage -0.0075 0.0055% -3.47° 0.1442* 19.76
MC (-1.13) (10.07) (-2.02) (24.36) ’
-0.0055 0.0055* -2.96° 0.1324*
£3C -0.82) (10.17) (-1.69) (24.54) 21.07
shrinkage -0.0076 0.0054" -3.56° 0.1463* 1937
F3C (-1.16) (10.09) (-2.09) (24.34) ‘
0.0053 0.0105% 1.59 0.0256*
NC 0.54) (11.79) (1.30) (79.56) 4989
shrinkage -0.0073 0.0056% -3.15°¢ 0.1290° 22.65

NC (-1.09) (10.10) (-1.87) (22.55)
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Panel C: Tangency portfolio (TP)
0.4020* 0.0232% 28.61% 0.2963%

S¢ (18.68) 9.90) (14.62) (21.47) 7:33
0.4405° 0.0258° 26.32° 0.3122°
cc (16.80) (10.98) (15.07) (22.29) 676
shrinkage 0.4182* 0.0240* 28.06* 0.3034* 7.09
cC (17.99) (10.35) (14.71) (22.03) '
0.3884° 0.0215° 29.62° 0.2607°
Me (18.87) (10.306) (14.50) (19.62) 8.67
shrinkage 0.4007* 0.0229* 28.99% 0.2888* 7,64
MC (18.66) (9.90) (14.52) (20.80) :
0.3961° 0.0221° 29.24° 0.2753°
B3¢ (18.57) (10.22) (14.57) (20.45) 8.06
shrinkage 0.4016 0.0230° 28.91° 0.2913¢ 754
F3C (18.62) (9.88) (14.53) (20.98) ’
0.2111° 0.0137* 23.08" 0.1020°
NC (25.54) (11.18) (15.98) ©.79) 28.84
shrinkage 0.3829° 0.0213* 30.01° 0.2592¢ 870
NC (18.62) (9.80) (14.50) (19.50) )

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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71 mEEE| Q0] ATNE wakt 4wt EEe ok Mo 209 4ol
2R, 9170 271 EWNE RESTQ 7l0] 38~41% S0 Bjslth. 2

REZT| oL o} 9] BARAHE} e B, 53 B F40] wEH SApE
o] HfEe B9l Zolt}. &, HEZe]Q 1 507 TAFAES F014 00] obd EApuIE(H
22> 002 2 24 S BFHOR 17-237) 2011, B3] FAPIEE 2= 24
5 3ol 2% F2450] BEH FAH|E0 U5 Jrl U RESe Qo] vl
slo] 7ul~ou o4} k. A=, 9% Haste] BaRke: DAL o) e 9IS 2
W FAS0] #EE FAHIES Rl wet DeMiguel et al.2000)9) 743} Zel, 5
Qs mESel BT A5E XEE0S 2k B4, HAARIANC =
o] 4kt XEE 00} EA/VE HESE 00) ATE Hwdht). AR mESe)e
L QH(19] ZEBe|Q F0]g Hol3, 1 T7je FU/KE EEE Q0 ulT] 28%%E
oft}. T, $8 A7) BUNE LB Qo] ulmslo] B3} 75% S5oltt. ol
AR REZE)Q 0] BASAAES S 7|9lskt EEET| 0 U 5070] TS
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Fol4 00] ohd BAIFS 2 74 SACKEN> 0 BRHOR oF 507 ol1,
Relg 2 FAS FolH B 7450] HEE SA|FY] 50t HEE vl e

2] 20f| vlwsto] oF 1,380 E3fsict. A=

Foln, 4 B4 £AbE 5N REE
AP AREERE T2 AR REZL| 0= SUVE XEET] Q0] H|1oto]
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H} o)Al oA S het ZEZE] Qo[th. &, DeMiguel et al.(2009)2] S thas 4
o5t}

et 2 (Table 1)9] H4l ZEZT Q0] et AFAT otk P4 ZEZFQE

YRS ZEER Q0 7TRVS ZEED Q] BlWS w2 o w2 fES A
o, R S SolA, v ES o8t A REEY = HE A
e Fo] vwste] vl 2 FARFe] FAMIEE HRlth A4 ASEATE SRlst
A o E 3, BAR SR E S ARt YA AR R E o] A ZEET
29} FU7s ZEET Q0] AIE vlwdtt, fA ZEET Q9] 9 A7= FY7
FEZ Q0] B|wsto] 1.581~1.98 &al, 4] Z7]= 20u]~238 =, HH, HA =
EET = 9Y AFAE0N e B5E FARISS st &, ZEET R Y 50
N H4FAE SN 14%~18%2] FAET FAHISS 2L, H&o] wijitd F45 W
oAM= HFH AFS Frrt ok EA, BAPSIIE R E O P REET RS} 5
W7ts ZEEYRO] AHE Hwatt FAH ZEEL Q= 50719 FFAE SolA
57%9] FAE0 FARISS Bttt o= tE JUFEETEHY JAH ZEEZF
H| w5to] vl9- 22 BARRAPY Lo} W2 HIHE H5S =5 YEidth HA ZEET
Q= FUNS ZEZ2 Q0] Blasto] 919 27]= 0.998 ol AR, 429 271= 114
ol =t HEH e ARdoIN AFLIR|E vl sk, FA ZEET o= TS
A 77N REET Q0| Hlisto] 7.741~9.68 w2 g2 2=t SVIEAE HAS
UFE2RE YA ZEZF = YIS ZEET Q0] Hlwsto] W ey &2
0l-& zh=t}, 2= FA ZEET] Q= DeMiguel et al.(2009)9] 343} 22| 3} 9]
Ao A FL7S ZEE QHT} H|-S-9{0] Slrt.
oJA], & A+t (Table 1)ollA ER1H 8 AFAT2] sflof tigt Al=d ALE ¢
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Sto] AlAH o= ERIgt. AFAIE 7t stj|TolA] TEE XEEDQ HHE9
HEE w3t (Figure 1), ZEEHQ FAEA Frot 53t 4 7o) TAE gRlgt
(Figure 2), ZEEHQ FAREA} Jro} BAVIT} 7He] BAE &RIgt (Figure 3)°&
THEst] AAE. 1HS HAEA XEEDQ, A REEYR, 5U7E ZEEYQ,
J23 77 REED QF S HARITH

(Figure 1) Performance Distribution of Optimal Portfolio in the Whole Period

(@

+
Gl [

H o0is

i oor

- o

..
H s
o o *
= = s e

Note: Figures show performance distribution for global minimum variance portfolio in
figures a, b, & ¢ and tangency portfolio in figures d, e, & f, along with equal-weighted
and value-weighted portfolios, using box-plot method. X-axis is divided by
equal-weighted portfolio, value-weighted portfolio, and optimal portfolio according
to estimation method of 9-type correlation matrix.
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(Figure 2) Relationship between Degree of Diversification and Level of
Concentration
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(Eom and Park, 2017; Eom, 2017). £, £ A= ASHA #islo] o3t a4 &
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(Table 2) Sensitivity Test by Effect of Input Error on Optimal Portfolio: RMSE

GMVP Tangency portfolio
Risk error Return error Risk error
Return Risk Return Risk Return Risk

Panel A: error range by 1 stock in the portfolio

FEATHA, SC 0.003190 0.000407 0.034187 0.001115 0.002739 0.000226
AZAH/TA, CC 0.003563 0.000618 0.034604 0.001157 0.002659 0.000239
shrinkage CC 0.003481 0.000518 0.034364 0.001121 0.002910 0.000227
AAEA, MC - 0.001456  0.000185 0.028914 0.000885 0.001495 0.000194
shrinkage MC 0.002940 0.000354 0.032990 0.001049 0.002604 0.000216
399144 F3C  0.002453 0.000274 0.033325 0.001076 0.002317 0.000199
shrinkage F3C ~ 0.003012 0.000379 0.034050 0.001117 0.002653 0.000222
vAAEA, NC - 0.000573 0.000035 0.018590 0.000474 0.000693 0.000059
shrinkage NC 0.002733  .000296 0.032551 0.001001 0.002263 0.000205

Panel B: error range by 5 stocks (10%) in the portfolio

FEATSA, SC 0.009316 0.001029 0.087856 0.002201 0.007376 0.002027
gAZATTA, CC 0.011699 0.001818 0.096478 0.002765 0.009361 0.002238
shrinkage CC 0.010690 0.001318 0.090213 0.002343 0.008217 0.002140
AAEA, MC - 0.006097 0.000556 0.081256 0.002315 0.006452 0.001826
shrinkage MC 0.008872 0.000942 0.086603 0.002181 0.007297 0.001995
38914, F3C  0.007677 0.000756 0.086396 0.002267 0.007273 0.001831
shrinkage F3C  0.008910 0.000968 0.087772 0.002210 0.007438 0.001991
HIAAFS A, NC  0.002231  0.000173 0.057238 0.001062 0.002875 0.000415
shrinkage NC 0.008304 0.000857 0.084023 0.001971 0.006410 0.001731

Panel C: error range by 10 stocks (20%) in the portfolio

HEEATEA, SC 0.011373 0.001548 0.129992 0.003559 0.013102 0.003458
YAATA, CC 0.015444 0.002427 0.143545 0.004391 0.015182 0.003602
shrinkage CC 0.012807 0.001785 0.133936 0.003761 0.014301 0.003528
AAAFTEA, MC - 0.009208  0.000923 0.122506  0.003741 0.012214 0.003172
shrinkage MC 0.011111 0.001440 0.128692 0.003612 0.012890 0.003385
3894##A, F3C  0.009762 0.001193 0.128255 0.003752 0.012815 0.003353
shrinkage F3C ~ 0.011039 0.001464 0.129876 0.003624 0.013128 0.003412
HIAIAAMEA NC - 0.004130 0.000448 0.084303 0.001600 0.005637 0.000928
shrinkage NC 0.011028 0.001443 0.124404 0.003323 0.011586 0.003019

Panel D: error range by 25 stocks (50%) in the portfolio

FEATA, SC 0.022957 0.004480 0.232134 0.004907 0.140595 0.834732
AZAT/BA, CC  0.031225 0.005710 0.254617 0.006507 0.169558 1.217873
shrinkage CC 0.024660 0.004800 0.240336 0.005406 0.152382 1.003033
AAEREA, MC - 0.019238  0.003661 0.225481 0.005195 0.140524 0.806088
shrinkage MC 0.022519 0.004477 0.231460 0.005005 0.142762 0.873395
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3894 A, F3C  0.020803 0.004057 0.231255 0.005266 0.147074 0.921719
shrinkage F3C  0.022572 0.004513 0.232375 0.005064 0.144354 0.900939
HIAAREEA, NC 0.010475 0.001459 0.142201 0.001876 0.036492 0.035623
shrinkage NC 0.022424 0.004403 0.221299 0.004210 0.123922 0.640636

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.

oA (Table 204 BIH 28 A52T| sjo] chet Al Ang Sste] A2
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A= ASATC] B4 v|wE SIS (Figure 4y, Z} ol9)7|7to|lA 2k JAH ZEE

22 v wZE o1t (Figure 5y ZF
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(Figure 4) Sensitivity test by Effect of Input Error on GMVP Portfolio with 25 Stocks
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Note: Figures show results for sensitivity test from input error by return (figures a & c) and
risk (figures b & d) measured by RMSE. This is the case from effect for 25 stocks in a
portfolio, which have input error of expected return and standard deviation. In
figures, X-axis indicates 9-type optimal portfolios and Y-axis indicates RMSE.
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Appendices

Appendix A: 3438 YIS

A, 2§ EopllA HHAHo g AREsH= HEAATPH(SC: sample correlation)>
Ao, )T EEHAH0,, 0))E °ol85to] thae] 402 ARE3ith

1

g

isJ

"0

A, APgaR19] 443 AAT ABEFE(NC: non-market correlation) random
matrix theory(RMT)HH O ERE AFQQ1Y) £4& 2= 7P & 1L7A1Y] 42 Al
ATOBA ARETITEID &, 45005 AP EY] 104 Ex=, AAGAET Fite]
HORITHA(TIRF, 2414 N—oo, AIA| QAR O] L—00 O, Q= L/NZE %), TAX &
golA 52 A E IRA(0)Y SEDEG(Pyy (V) e AR 0 R that Zo|
HtiSengupta and Mitra, 1999). =,

@ VOB X)(A—AM)
2T A

A2 B2k Q) Ao &ok= RA] YW < ), = MPNE Aot TPt
PO o IRA(WME Holus IR+ 71297 King, 1966, Brown, 1989;
Eom et al., 2009; Eom et al., 2015 S)ojA4] &EI=]9i50] F5L219 FAAA ui=

B, 7P 2 Ak = D) APERR1S 4S8 Zhar. mEbA AeR1e] £/d0] A

N

11) & Aol AHst RMTH T 3 44 EARERE IFX|e TFHES 085
o £48 EABI= WHS FAEEA(PCA)T SVD(singular value decomposition)7}
At 37EA] L IHRet IRHEE ol 8dlit= 35S 2EATE Aok F4a 4
EEA zolE E: PCAMH2 &8 HoF9 @2 71&d+E(King, 1966; Roll
and Ross, 1980; Brown, 1989 5)°llA ol8=H, AZARl, A4aql 59 £ &4
2 HHsks 8AeAEY AAEARE ABdsket] F-8okal, SVDRHHS 7|EAT
(Klwibergen and Paap, 2006 5)°llA A1EH 2219 &4 BAISH WEFAE A|AE
s Aokt -85, RMTHHEES 71&A7Plerou et al., 2002; Eom 2017:
Eom and Park, 2018)0]A] Al'HE QRlo] &4& BAISH Ay EE Adst=rl -85}
oh. mEbA & A= Markowitz9] A3 QAR ABPHo] 84S T 71
j2o] RMTHES dAtabgoll A o]-g3itt.
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A, shrinkage 4By EY] oot ZEER|QE Aok HE FAE9
BEE 2ol REYHPE(SC, Oyl B G712, &4 A4 Bl st
F25pE ABPE(Cy, XC={ CC, NC, MC, FF3C }) 71| 75O AMEEE= ATt
o]}, Ledoit and Wolf(2003, 2004)9] Agtol| we} 7F5A](loss function, L(4),
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{Appendix B table 1) Performance of Optimal Portfolio in 6-month Holding Period

Return Risk Sharpe ngfindahl Nonl—zero
Index index weights
Panel A: Comparative portfolio
0.0192 0.0228* 2.26¢ 0.0200
EW (1.51) (7.54) (1.90) (0.00) 2000
0.0144 0.0282*% 1.12 0.1473*
W (1.29) (7.65) (1.32) (26.80) °0-00
Panel B: Global minimum variance portfolio (GMVP)
0.0005 0.0097¢ -0.71 0.1271%
sc 0.06) ©.12) (-0.54) (18.49) 19.57
-0.0037 0.0097¢ -2.23¢ 0.1517¢
cc -0.53) 8.14) (-1.91) (13.30) 19.58
shrinkage -0.0005 0.0092% -1.31 0.1326" 20.08
cC (-0.07) (8.14) (-1.00) (17.13) ’
0.0033 0.0101* 0.14 0.1021%

Me 0.38) 8.16) 0.10) (16.32) 23.58
shrinkage 0.0007 0.0096* -0.63 0.1198* 20.99
MC (0.08) (8.05) (-0.46) (17.29) ’

0.0030 0.0096% -0.12 0.1107¢
F3C 0.37) 8.12) (-0.08) (16.75) 2214
shrinkage 0.0007 0.0095% -0.65 0.1214* 2058
F3C (0.09) (8.06) (-0.48) (17.38) ’
0.0104 0.0178* 1.92 0.0240*

Ne 0.97) (7.53) (1.48) (70.70) 4989
shrinkage 0.0015 0.0098° -0.32 0.1065% 2401
NC 0.19) (8.08) (-0.24) (16.15) ’

Panel C: Tangency portfolio, (TP)
0.2904* 0.0354* 19.49* 0.3157¢
S¢ (12.62) ®821) (10.18) (13.96) 6.87
0.3114* 0.0394* 17.90% 0.3371*
cc (12.03) .79 (10.49) (14.49) 627
shrinkage 0.2986° 0.0366° 19.09% 0.3238* 6.62
CcC (12.27) (8.38) (10.26) (14.39) ’
0.28462 0.0341° 19.897 0.2786*

Mc (12.99) (8.10) (10.15) (13.10) 798
shrinkage 0.2916° 0.0353° 19.68% 0.3070* 712
MC (12.76) (8.24) (10.16) (13.70) '
0.2832% 0.0342* 19.70% 0.2921*%

F3C (12.82) (8.06) (10.21) (13.40) 750
shrinkage 0.2888* 0.0350* 19.62° 0.3092% 7.06
F3C (12.62) (8.16) (10.17) (13.73) '
0.1567¢ 0.0223% 16.34% 0.1116%

NC (17.40) (7.63) (10.92) 629 2861
shrinkage '0.2838% 0.0332% 20.39% 0.2765% 8.23
NC (12.52) (8.15) (10.08) (12.71) )

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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(Appendix B table 2) Performance of Optimal Portfolio in 12-month Holding Period

Return Risk Sharpe Heﬁindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0131 0.0358% 2.05 0.0200
EW 0.96) (5.25) (1.45) (0.00) 2000
0.0078 0.0400? 0.9732 0.1418*
VW 0.69 (5.84) (1.04) 21.77) °0.00
Panel B: Global minimum variance portfolio (GMVP)
0.0056 0.0154* -0.21 0.1134*
S 0.52) (5.63) -0.11) (13.94) 19.67
0.0008 0.0146* -1.39 0.1325%
cc (0.08) (5.97) (-1.00) (9.03) 2036
shrinkage 0.0045 0.0144* -0.59 0.1160% 20.59
CC (0.43) (5.78) (-0.34) (12.65) '
0.0076 0.0158* 0.31 0.0910%

Me 0.66) (5.47) 0.15) (12.05) 2390
shrinkage 0.0057 0.0152¢ -0.12 0.1067% 21.30
MC 0.53) (5.59) (-0.06) (12.77) ’

0.0077 0.0151% 0.19 0.0991*%
£3C 0.69) (5.47) 0,10 (12.65) 2234
shrinkage 0.0057 0.0151* -0.16 0.1084* 20.89
F3C 0.53) (5.57) (-0.08) (12.93) ‘
0.0071 0.0254* 1.56 0.0235%

NC 0.57) (5.90) (1.16) (56.94) 4976
shrinkage 0.0054 0.0156° -0.09 0.0958* 2422
NC (0.50) (5.60) (-0.05) (11.54) ’

Panel C: Tangency portfolio, (TP)
0.2040* 0.0583 14.73° 0.3528%
s (10.78) (5.67) 6.64) 9.34) 6.08
0.2168* 0.0637* 13.65% 0.3827¢
cc (10.11) 6.14) 6.75) 9.59) 554
shrinkage 0.2091° 0.0599° 14.45° 0.3629% 5.82
cC (10.57) (5.84) 6.71) (9.58) ‘
0.1985% 0.0552% 15.07¢ 0.3151°
Me (10.97) (5.48) 6.58) (8.22) 722
shrinkage 0.2032° 0.0575% 14.87% 0.3435* 6.35
MC (10.80) (5.63) 6.61) 9.10) '
0.2014* 0.0566% 14.94° 0.3304%

F3C (10.89) (5.58) 6.61) 8.64) 6.74
shrinkage 0.2037* 0.0578* 14.82?2 0.3468* 6.27
F3C (10.78) (5.65) 6.63) 9.17) '
0.1164* 0.0363% 12.59% 0.1420*

NE (13.61) 4.26) 6.97) (3.52) 2680
shrinkage 0.1959° 0.0537° 15.38° 0.3115* 732
NC (10.78) (5.40) (6.55) (8.24) )

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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{Appendix B table 3) Performance of Optimal Portfolio Constructed with 100 Stocks

Return Risk Sharpe ngfindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0195° 0.0129° 3.63° 0.0100
EW (1.66) (12.37) (2.94) 0.00) 100.00
0.0176 0.0166° 1.79b 0.1168°
W (1.61) (11.32) (2.05) (38.91) 100.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0096 0.0042° -5.97° 0.1310°
S¢ (-1.56) 9.24) (-2.58) (17.97) 23.97
-0.0152° 0.0040° -8.81° 0.1792°
e (-2.92) (10.11) (-4.13) (14.64) 19.29
shrinkage -0.0118b 0.0039* -7.45° 0.1443? 23.06
CC (-2.07) (9.24) (-3.09) (17.21) ’
-0.0061 0.0045% -3.28 0.0960°
Me (-0.88) (9.45) (-1.40) (18.48) 32.66
shrinkage -0.0096 0.0042% -6.00 0.1242* 25.96
MC (-1.55) (9.17) (-2.53) (17.49) ’
-0.0072 0.0041% -5.04° 0.1086°
F3C (-1.18) 9.39) (-2.08) (17.91) 28.96
shrinkage -0.0096 0.0041% -6.117 0.1256* 25.49
F3C (-1.57) 9.18) (-2.58) (17.47) ‘
0.0052 0.0100° 1.67 0.0132°
NC (0.54) (11.45) (1.32) 61.74) 9.57
shrinkage -0.0096 0.0043* -5.62b 0.1152% 28,58
NC (-1.55) (9.22) (-2.44) (16.80) )
Panel C: Tangency portfolio, (TP)
0.4413° 0.0182° 39.03° 0.2263°
SC (18.39) (10.02) (14.79) (18.31) 10.17
0.5070° 0.0223° 34.42° 0.2510°
cc (15.95) (10.73) (15.26) (18.80) 8.97
shrinkage 0.4663* 0.0193% 37.97° 0.2346° 0.68
cc (17.44) (10.24) (14.89) (18.78) :
0.4237* 0.0168° 40.63 0.1908°
MC (18.72) (10.19) (14.56) (16.72) 12.66
shrinkage 0.4410° 0.0180* 39.49° 0.2202° 10.62
MC (18.43) (10.04) (14.71) (17.70) '
0.4335* 0.0174° 40.16° 0.2051%

F3C (18.35) 9.97) (14.65) (17.42) BS%
shrinkage 0.4413* 0.0180* 39.45% 0.22222 10.49
F3C (18.39) (9.99) (14.70) (17.82) ‘
0.2137° 0.0115° 27.42° 0.0550°

NG (24.86) (11.35) (16.65) (5.48) 56.46
shrinkage 0.4259° 0.0170* 40.62° 0.2008* 11.87
NC (18.46) (9.87) (14.58) (17.08) :

Note: The t-statistics in parenthesis are presented as ‘a’
significance levels of 1%, 5%, and 10%, respectively.

‘b, and ‘c, representing
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{(Appendix C figure 1) Relationship between Market Situations and Level of
Sensitivity from Input Error during the Whole Period
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Note: Figures show results for sensitivity test on the influence of input errors measured by
absolute values of difference between true and false values during the whole period, in
perspectives of sample correlation (SC, ‘O’ red in color) and non-market correlation
(NC, ‘T blue in color). Input error is the case of 10 stocks in a portfolio, which have
input error of expected return and standard deviation. The figures (a) and (b) are the
effect of standard deviation error on the return and risk of GMVP, and figures (c)~(f)
for the effect of input errors of each return and standard deviation on the return and
risk TP. X-axis indicates the portfolio holding period of 3-month. In the Y-axis, the
left sides indicate market volatility by monthly standard deviation (bar graph), and the
right sides for the absolute values of the difference between true and false values (line
graph). Figures highlight the 2-type market crash of 1997.12 Korean FX crisis
(1997.10~1998.10, yellow in color) and 2008.09 US credit crisis(2008.7~2009.7, yellow
in color).
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Abstract

This study empirically investigates the practical applicability of Markowitz
(1952) optimization function through correlation matrixes among stocks in the
Korean stock market. The proposed method is a correlation matrix that
removes the property of a market factor included in the sample correlation
matrix, that is, the non-market correlation matrix. For comparison with the
previous studies, the correlation matrixes that is known in the optimal
portfolio are utilized, along with equal-weighted and value-weighted
portfolios. According to the results, the optimal portfolio from the non-market
correlation matrix may construct better diversified portfolio, and then,
achieve lower risk and higher performance compared to other correlation
matrixes. In comparison by the perspective of prediction error from expected
return and standard deviation of returns, moreover, the optimal portfolio from
the non-market correlation matrix has much lower magnitude of sensitivity
from prediction error of input variables than those from the other correlation
matrixes. These results show the evidence supporting that the non-market
correlation matrix has a comparative benefit for improving the practical
applicability of the optimal function as well as for effectively reducing the

influence of prediction error from input variables.

% Key words: Optimization, Optimal Portfolio, Correlation Matrix; Certainty

Condition, Uncertainty Conditions, Sensitivity Test



