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Does the strengthening of regulations on the credit rating
agencies improve the quality of corporate credit ratings?
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2887 S8 F B A8 S0 Hisl dElge] s 7199 A8 s
F7Poke AFE Mo AE o] glom, AREAPE] FHAB0| $a7t IS skl A
o 3] 4887 ARAEANA A8l didt At HHE AlsekomA et
(issuer)2F = Kinvestor) 7S] AR H|HA(information asymmetry)& Sf4islH &
AALE Hosks QS Q) o]t EEY F4 o BIS A7 A vl 5 582
Aol tiRt A s SollAE E8EE T 1L 857t s EeE 71949 ohito]
FARARE ol AR AAof] m|R= ke A2 o 4887102 459 Ao s
¥ Z2 A Skl Qi

oj# A AFsh= A8B oA =2 AE E FH/o] 87 sHARE
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St 543}t IFollA A8 F7ISAE ] Tt A H T FERAARA S WEIH
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2 HEae] tigh A7 485w FAAEe] WAl Higt A7t tiREo]
M 4188710l -8t FF2 vlAl= Aol tisl thE Ak oF4 {ick

A, A7+ A A HolA =22 & 4 S Aol Be A =AY A

o Aol g4 1 B S

=

o

roh

g

L=

2/JBIREAIE F7Islok 3ttt 53] BE iAle Y L 5

Sl it Ridiai=2 @gsks F280] SAI6l] uidolw). webA] ofd FAR8-g 24

shole 712t Hoke XS °IE 7 e A HAHE 2 Aol S8k 18

I FAPE = Aol =20l Hs 7HE 2 8(welfare) SHE AT = U= Aol
ASEACIAE 201087 201349 89714 349 87/iES A4l A 7IRtes, ol%

20139 99FE 201697H4] 34 47hdE A1 §- 7IRtez AA5ioir:. & 472 F8

AT theat ek 3, A o) A8E o] WK oR stk A ol

A
=X
Al

A



H=8%+ H33H M1

=]
AP 3] A AR % 218987 eARe] SEel B AR EE 2luiRith
SHAIRE o]7lo] ’EEA] 41878719 o] FdH e 2nlske 22 ot 55 <
gloldehz Qfulolls A4t 4850 BloluA] A85H0] FEHA Atk Xl

Z=o} Sl o] ZAPE 2= AL F=gsted A8-5wol Wordd SAlo 418

o

ol
o
1o
ok
g
o
(b
i,
)
g‘O
3
)
rir
of,
>,
H
olN
ol
i
9
)
st
pou)
o
w
4
9
i
T
rlo
N
N
g

A A 0% 2855 9] Ws} o e AEIT) o) ol 4853 Al 1%
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2 diJo] TAHLE ST o] 03] A 2% 27, & W5H H1(false warning)E

TM71E JantE 2He AL B S itk o= A Az Agwreee] 55
Fo7h A7) dizoltt. 55 Y&l BAVE AL UARE A 2% 2F S
9] A steto] WASIItHE o4dRo] HETh oF ZfAlsk] A%t FF ko]

o Wastelet Az

|
ok
=

ot

o|N



NSTIR Tt ARSI TI AISEIO] TS SAARSTR

£ =20 thga} o] T 20l A8 o] tiet A9 Ak 2 W
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Holl Bag Azot ATPRE A, Lo ASEY 2UE AN 20E
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1. MEEIHH0 gt x|

|

o] MBI 1859 0 Z19ole WA A 497128 BEF olo.
2 9Ashen A2 == the slel 10864l bl 2 HEAI) A
7152 =t SR Hhe A8 A=t Al
8571900l gk A 20014 418742 o} g B B 5] wat W (elsh 8
s olet o] ofste] Wal 2A7F 40 ohAEigE. o7l 4188719 Y]
E, A8 A0 ), 418871l Eefehg et ohEa A8t
gt GAEERelo] mEIg,

20084 22 FE97] o5 1 AAH O GBS T AL JokeIg)
Lo ol] WuF AT 20009 3Y ALGHEAS hE Apgele] A8 1Al
A stk A BN Qajlo] 2ol T 28 7| L B, 5
EAVIE S ARY AT} 55 5 IISIES Si9i). WA Eel B7h% 3
29| 2o, olehy5e] 34, 2399 A, Y7 DA 8 G=iele] I v

34 59| APS ESHES o ek
2013900 A8 e] oJAslEl 11857} Bl T3S At F8ERe]
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Aok 9 179 NI, FEEAY AEHY APARS EERREANE A

1) 20139 89 299 ARZAPEH Bl AR 1geto] AL o 9l S
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9 -2 A, AL/ IAE ol luirt EBH O Folslel ALt AT WS
degion, FEIUs=TE 188719 S WS SgirkD) olde] FEEA]
o] o8 A2 0 FAISE FAARE O, ofshiF WA o, AR, T3
9] B4 9%, J=ele] vURE ofF S& AP ST, ol o] A1E
KA AR THAIE MABISIATR: HolA 2 w7} Qlck. kA8l 8l 29
o guciRE A F71eI308, AGH AN et FHAAIAEE =slek
BoluTh A8 2 Aaelo] LEA|EoIt EHZHAIRI] Bt oS of7] 3
> AU BIH AANE 7 5 A= Shgick

2. 2RIgT

HO

4187 tigt At = 48530 AEavf gigt A7 FE olFaL At
Holthausen and Leftwich (1986)2 @485 ®#7o] o1l 4% (-2 7204
Q1 230l s oW AR A= Foust 2HE sk &

Holthausen and Leftwich (1992)= A1-83A|(credit watch) &-A] o|% Az} F24] 4=
ES EASI 7IHiE A-85aHACl tsiMe Felnleh 2yfpolEs AT
AR 7R Eet SHHE2 oFFe] B-folut 41 Afd HFoA Fofn|eh 23t
S stk Hite and Warga (1997)= 41-8-53 Ha7T AF4AH(industrial
bond)oll A= FFe B4 S50t AF, 53] FAGE0IA Frl552=
A 9ol A3 FoW|eE 2 EE FHsIoH, 55 AFY Aol fom]
5t A3LS WH5}A] 519t Dichev and Piotroski (2001)2 A5+ ¥4 9] A7|A]
o]l A ZA5IATE o] SHEOIFS] - olF 19 &% -10~-14%0f| ol=2= =
ol ES AR Harstal glon] AR thigh Zhawk-g(underreaction)o] HRAYUS
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of Aohk= Aol st A18A4EE BHrlete] 1 Aol disto] 7|5, A 55 ARgso
ARt SFAE S Folaka I A85HS wael, A9l o84, 1 8o ojsj
oA AZFAY s she PUS FPo=Z sh= A o2 AFostal YUTHAREARR
A9z A263P.
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SHo] AISE RS TOR B HEA, S (19949 A7 70leo] 485
wi7go] 4] S0)80] o] FuIsh Fe-S Bt ek, Wl 281 (1999) 7]
glole A185F wao] A%, KF B AR 4 Sol8S HALS WS A
S50 WAEA e HES |E0R Ao} HTSIAS 1 A185Ho0] A A9

7 Zherhi Bastrh 24E (00D S A5 F RS AMS

fl

W7 35672 A5 W, 485+ SFlA Rofdt HHEavE THSIAAT A
< HF9Zolltt. 3] SRRk IMF |-8917] o|dS F7l63o= HAH HYdoA,
IMF 0]%= BRea A9 F7lsa i3 EolA Fojufskaich

T 485w 549 AAIGH Hsol titt d4-0] Stk ol&2 F= AV AE5
Foll v|A= Gl thet A5 diaritt 483710 =9 Aol 488718
AFE0] AlFsiE 418539 HEA(accuracy)@ Al (timeliness)S AAZ 7HAFH=
Ao 278 91 Q17| wi&olt}. Jorion, Liu and Shi (2005)+= 20004 w]=AA oA
SASAAE(Regulation Fair Disclosure)2] A3 o]¢ A1-8-5 Stafolu A st i
oA ARGt SUE9S-S WAL Cheng and Neamtiu (2009)= 23} ¥
ZA9] IAARE o]F =Y AM|QIA-EE2] H(Sarbanes-Oxley Act) A3 o] 4l
BB7IENEY] 4859 BEdet Aleldel sAlel AAdEMRS Halskal Qi
Dimitrov, Palia and Tang (2015)= ==-227 H(Dodd-Frank Act) A3 o]% A&
52 el ARAaIW SRt SAE FHSH] FolgiH. 23518 48871
ARS0] Tid7199] WAl 48558 Wi T A9 Hike Hoslee JFHIE Fot

I 93& Earsal Q.

¢

f

Z(puzzle)o|zt &2t Dichev (1998)+= F =3} F24=E0] HAE HS3H A
I H2 FE9Ro] 2 FAFAER A4HA] FohS THsiglon, 1 olf& Al
7+ @ F(mispricing) & A5}, Griffin and Lemmon (2002)- 5274913
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o] &2 7|0l ¥ FAGES 7L U2 HarshH FE9fedof dieh ¥Aankgrt
A(underreaction hypothesis)& T3ttt Garlappi, Shu, and Yan (2008)¥} Da
and Gao (2010)%= F=ZE7} F4|5:91E 1t ()9 IAE Estal Qlr}. Campbell
et al. (2008)2 ZAAEIRF(logistic model)}& 53 AKX BedET} F4]49E 7H
2(-)9 TA7 A8 ok Avramov, Chordia, Jostova, and Philipov
(2009)= A-8E7F713R1 S&P2] 719 485w = ARESte] 4519 ), 41-8-53°]
2719, & TR0 &S =2 FAPUES 7HIE BolSsith

UhH Vassalou and Xing (20042 Merton (1974) B@og ¥ RErlsX4¢
(Default Likelihood Indicators, DL)E $75to] 41-8918 2] SHX| &2 AMESIYS o,
AR FARRlE ALY )9 BAPL HEee WAstgitk Chava and
Purnanandam (20102 F29 7|d$dE2 49 AEH]E(implied cost of
capital)= AFESHH ALERI T} 4|20 F Atolo] oK +)9] TAT} EATS HojFtt

Ao A= A, 8718 (2011)°] Vassalou and Xing (2004)2] =18 &
A7THSARE o] B4 W S5k AL8R1 T} =4l lETe] HH e TAE
Astoitt. AT At 478 (2014)= A A85852 ARESIE o Fedd
A PRlET] 2(-)2] BAE Halst g FAAO T AL8-917 ol do] EA1Rt

L

i

A1-8TB7HA0] izt 7#+A419] Aok A188718AFEe] TEths 48-5g0l ofd ¥%
£ 7P 2 dFolie T SN 11 §FE AuE AL Stk A=

A9 ezolet. GyHA o R 48552 Y& ol Aol B2 Zog oAt
7P & olf= A189871]lo] A187FE Whe Tgr L A8 ETSIAL) R E A
She TP FE B(issuer-pays model)o]7] mhzeltt. w842 727t el
e FARRRs TS A887P o] Algshs 48580l Y&t Hi A8ErpTE

T H %2 Y92 &7 A5 A8sEE BisH R ATEEZ A71A Jv
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(Skreta and Veldkamp, 2009; Pagano and Volpin, 2010). Jiang, Stanford and Xie
(2012)¢} Bonsall (20142 ml=ellA 19708t FARAIZE oA LPRA TR
Boz 487Ie At ol A8SH Aol ol WAsIAES Halst
IStk A1, 1Y (2012)9] AelAE = ASEIIRIY T 2 WA §
Stz 55 AEHold @ =3 At

AR B3P} o G JAEH IS AN 4 S A7 FRE 418871l o
ok ZQo] 7ol Al S5 A1Us] 7 AR E2 WA= AR whze] od #do] /i
S 8 £80] B % itk ol Sol, BesA WAl 1 7ol Fwrh WAk
59| B} Wi A% SIApE eor & Aiglo] ofof wls] 4] ol
U= Zolt}. o] Eolo] 2Aslol ke FHae Aalsitt

7He 1 TAIE AFBlRt olF S 1EE @] A Aotk &, AWl 485w

o] st Aol

A, A7 A85E9 Aol 9% & o vk FO] =2jet go] FRE 418
7ol Higt o] ol HA = AR 2ol 488771 HE0] A4S 7idst
ojiEY ¢ =T & Stk A S9, #A47HS o WAL, ASEATEY
ARE 9 AAlsHAl BUE sk, YWRSAALES § dSAE 5 o ASEH
oA Aute A3 A3t Cheng and Neamtiu (2009)= ©l=oflA] 20024 7

] 259 ARH|QIA-2&E] H(Sarbanes-Oxley Act) A% ©o]% AlZH7I3AKS] Al
|59 B0l FomlsiA MAEISE Barskal it} ¥HH Dimitrov, Palia and
Tang (20159 "l5olld 20109 7¥€ Z=-233 H(Dodd-Frank Act) A9 ©]
8579 A S7RdE RSt 23S dA Eoigid. webA dksolA
of"d At =EEA & 4 glon FSo] Easith o]d =90l A5k th

rr 4olv

7Hd 2: A1 ZdBiRt ol F 4852l HEge] S7FE Aol
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1. Xz & =

2 A= 4887140l Higt A7 485wl wIRlE YE EAISH T fIsiA 2010
WRE 201697H49] F715dA 71952 SAEfo] tigt A8+ ARE ARSI
o}, A8-5FAEE FnGuidedA AldH= DataGuides B3l &3tk o] A==
SAGAR, A8 5w Fol i 719, 48871 A85wo= F/dEo] itk 485

T T ol wAlsksto] ARSSITHERT, Al7g< 2014).

AAA=1, AA+=2, AA=3, AA-=4, A+=5, A=6, A-=7, BBB+=8, BBB=9, BBB-=10,
BB+=11, BB=12, BB-=13, B+=14, B=15, B-=16, CCC+=17, CCC=18, CCC-=19,
CC=20, C=21, D=22

48580 R 7IQETE w2 FAE Folsto] ST 7199 Refldo] Ath= A
S HAIE oJ7|A BBB- oi9] F5E52 FAGHE(investment grade)©ll, BB+ ©]
5= B715FH(speculative grade)o]l st}

7HWdE ASSH] SlsliAe 3709 v asi A WA 7HEe sl Alesw
AA|S] o] thigt W7 B a3t ol floAet 2ol A8saE RISt d
ARgSIlTE & WA 7HES ASc] HsiMe A8sae] AEMe ST 5 e
A7 Q51 o]+ Cheng and Neamtiu (2009)°] AQFH A 1% 2 (Type 1
Erronet Al 2% 25(Type II Error) HEE ARESIGHE Al 15 2F+= AAE=
ReAY g 7|GolANt A8B7PL ol AWE ¥HgstA| X eFo|tt. o= 7t
7190l sl FAH 4559 Aol 19 oo F= B¢ 1, ofyd 09 #=
= GRS Foisieint

Al 2% 2= AAlEe AR A S FAPRsT 71990Hl 48871t ol A

d

b

3) °] ¥ NICEQ] 48552 NICE 488718l Alset 4847 A=E 53 oAl &
AT
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= HhgshA] 3 7ol ol 4 7ol tis 7] S5l Alde] 138 oluiol] F=
A2 =R ek& 8- 1, oFH| 09 gk 2= Tv|HsE ARSI BB+ olshs 71

sa°7] W2l Atz e gl 11 ol sigsie 4855 +AE 7 IHA
13 ool F=A2] HA o2 B9t Al 2% 277 WS Aotk & Aoi=
Al 2% 7S 24ske @ AF(cutof) 2= BB+ 5, FAIE= 11 oVZ A4St
k. SHARE olof Hishie= Al 2F 277t vR dFsitE HEe] EAE 5 Atk
=, BB+ 53 olste] 4&swel 18 oWt F=A=7t He Zo] FERt di50]
A, FEAR A o oFfT= Ao S5 of#E & Sl wEkA A
st 4855 A7 17 (CCCH) oV kARt 19 oo Frexj2] HXA]

2 A9, 183 A85d FA7F 20 (CO) oMFE HIHAY 19 oo REAE
57 ke A8 A 2F 7 AR 7Y B4 =) SRl ANt
2, AU

WA A1871eio] ek A7 ZJokel A AR AHTA] el 2ok gt
£ QA7oIAE 20131 9UE 4180l Thet 7AI) 2 wishl Qs AHoR Q145
o o] A1gute] wale] ek AnluuA sdck SN AuE AXY A8
H7Qle] Tie A ole] Bt QG 20139 9¥S F1EOR AT olg
23 2k A, ol FlEoR WEEAIE] of% A ARApEAeR
Ast ek BA, ol ASAEA AV FeAME SUsH Ansc.

olo] we} 41§ ele] EAEe] S thiol Hgich. A, AL8EstslAel o
Be B(iabili) BA ik oldo] FAHH FAART o, olshiE
| o, AR, BEHHNY A R, J=el] wELT o Fof F7iste] A
Skl 9 ARle] AR FElglck WAl WA (penalty)e] B 3BHEI9)
 EHAAIIAET Y Hglon, S-891Uslel BA AE 7R s Hsick

old WEHQl 74 73k 2ol 20139 FHHoA] A8l ciet Qelo] 7
shel Aol/|E ik EAQ] Abdo] UTLFS] HE Aelr:. BFLES 34

N

o



N =z2s0m mpsd s

& Agds A (PG SFHA, SF AWML 378 A 20139 9¥ H
e Ao, 108 1900 THHE, SHIELATL HAPHAE A%
sttt A= 4180l 8 A7I7F tiFE 20139 9¥ol= 7Yoot} SA
A EPS B 53Y o] e ARiEE 22 Aold. FFILFY IdolE
2 ARl gt EARA= 49 of o] 0|21, olEo] Y SN oF 1%
7.0009] Yo FAtE|Qlet A FYILFCl LFT ZIdolet K9] 41855
o] FARAA FHo|g7] wiiel A8BIISIAF AATE EAVE HAE gt ok
ot o] AlS]d BAIS 70w Heet 41855710 tigt 8= o S7leoirt

AZENoA= 20109 1€3E 201349 897K 3¢ 87¥S A A 7I7ke=,
ol% 20139 99RH 20164 12€7HA19] 39 4ES Al F 7IRe= HHSIA
ot A9 A FAle Al olF A8 WS} ofFof gt HFolch wabA
UOFE ARG POST W= 20139 99 o]%9] 7|7to] sfigstd 18, oo df
A= 09 2k 2= Hnsseoltt.

WA 7M1 Aot vheat 22 o418 231 3] 7E-4(ordered logit regression)
S A8t

Rating Level; , = o+ BPOST, +~yControl Variables; , | +e;, )
o714, F%%4=2l Rating Level:> AR HAE A18-550= 157¥ 22749 g

Zheth A = AlgSgol SAIE BAE Rt Al POST+= 201349 94
ojFo]d 1, ot 09] FhZ Z= Huolth. webA Al8-5do] SAIE gol A4 A
717toI™ POST W=7} 0, +#+Al & 717tel™ 10] et wheF 2013 419|357t 418
S YEYCIAS JAlsk= aE 7T, POSTY] 3lAAI = Rt H+H2

U= 71AoF gt

BARTEE 7199 AF7HA19] 25HInMY), AR FIAPSZE BI&(BM), ROAReturn
on Asset), A8 E{(Debt-to-Equity), °JAHEAM]E(Interest Coverage), HHE|A] v &
(Leverage), YU°IE(Operating Margin), 419 AAE A HEKBeta), HIA

AA ¥(diosyncratic riskrE ARESIITE AHT FAAS] AREEQl BsZ &

Ml
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Alst7] f1sl RG] AZF $221E(Bond Index Return)¥ FAAPES] A7F 420
E(Stock Index Return}& ARESITh AAAGHQ WEZ BAlSE] fsixe
GDP A7t E(GDP Growth rate& F715I5itE. BARSE 25 48580l &
AlE 2] HUE(-141%) AF=E ARSI

= i) ko] ofe 1S A 99 thent Be XA BYe Al
Type IError; , = a+ BPOST, + yControl Variables,; ,_ | + e, @)
Type Il Error; , = a+ SPOST, + vControl Variables, ;| +e,, (3)

o714, 4121 Type [ Errore= Al 18 57 HEEA] H39E A-8-5H0] F414
A SeolARt 1d ofujof] F=H B 1, ord® 09] g2 2h= HnH<olch Type II
Error= A 2% 25 H42A HHE 48-550] £714] SHolARt 19 oo A
2] HA] &= 5 1, of® 09 gk 2= tudsold, HE g o) 24 4855
o] JAIE BHAE 7|0 R sto] 192 AXtsIA] i 7I%E olijo] R f5-2 SIS
o 9k 201349 A9 A3t A85w9] AEAS FIATIE AE THARTH,
POSTE] 3| AAG= F2mIgt 2H(-)9] k& 7HAok Bttt 4] (2)01A9] 2(-)2] 72 A1
oj%o] Al 1F 77 FAsH=2 2nlstH, 4] 3)olA9] ()] 2 A olFof A

2% 277 A HolE
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1. QASAE

(Table 1) Description of Variables
Variable Definition

A. Explanatory Variables

Rating Level A2 HZAS 4853

Type I Error 2 A4 559 o] 19 oo FxH A 1, ofd¥ 09
HE 2= muEe

Type II Error £7] 589 Ado] 1¥ ool R =R & A 1,

ofUm 09 ghe 2 FElus

B. Control Variables

InMV 7199 A7HA(market value), F+71oll EPFAF2 Fet
A0 235 FHI #

BM 71949 ARIFHAIZ7Hbook-to-market ratio), 7142
A7|A RS A7 E U #

ROA 71999 A4 E(return on asset), @740 S EAAIO R
e 7

Debt-to-Equity BAu1E, FAE A7|AHECE Y #

Interest Coverage oA RAHE, JYo|dS oJAHBOE U F

Leverage A AL, HFEEAE Lo E Y g

Operating Margin FHoldE, FYoldE WEHoz i 3

Beta FA9 AAH 9E. dE F4] 2IAFLAES A 2AFYE
tfsto] FAHEATL HErgk

Idiosyncartic FA9 vHAAE 98, €8 4] 2AFAES AR 23 E

Volatility tfsto] FAHEARN WA EEHAY

Bond Index Return  MAAFEA F54JA0)9] A7 +=9&
Stock Index Return  FAAR(EF AT 249 A7 £=JE

GDP Growth Rate GDP A7t AANAE

(Table 1) AZEA0] AL&E M-S0 thsf] Agolal ot A9 thide] =l +
Q 4= 47)olt) A5 = (Rating Level)> JA4E HASH A8S5H07 X85
= AEFold B4 AISoF] Yol ARgETt Al 15 27(Type I Error)= 2HE3E 418

S0l FAR A SHOIARE 19 ool e A 1, obdd 09 & 2wz
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golEet. Al 2% 25 (Type II Erron)= E3#E A8-5w0] F714 SHolARt 139 oy
of R HA] k2 B 1, ofUH 09 = 2k "uHaoltt. o] &2 48559
AedE A7) St AEE ARGE 1 Qo= SAMSE thedRt 719 ARt
APERSES SIS AR 7149 APG7H9] 28HnMY), AR A7

H]&(BM), ROARReturn On Asset), F3H]E{(Debt-to-Equity), °|XHEAH]E(Interest
Coverage), M A| v]&(Leverage), YA°|UE(Operating Margin) 5 A&
At FAH&(Debt-to-Equity)2 &) & 7= B-9-= AAsIIH.

APgRaeR A9 AAA AEQ HEKBeta)?t HIAIAA  #d(Idiosyncratic
Volatility)& AH&3IAtE. HEKBeta)®] Bt= ¥¥E +AE2 AREsto] 1d 99=
FEoI. NE7IAY 2o dis) A 2yfeelES IHRAT ASE
HEtE ARGSIlon, TSl 100K A2 A= FHAY AdE 28l AA
st BIAAA A& (Idiosyncratic Volatility)2 $19] &40 ko] #EH
A5 ARESIRITE

A FAAE] ARl MsS SAISH] S8 AEAY] A7t 42E(Bond
Index Return)®} FAJA1A9] H7F 4=21&(Stock Index Return)2 ARESHRTH AAA
"Rl M52 BAI5H] f1siAl= GDP Xt /d%d-E(GDP Growth rate)& F7FsI3iH.

N
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(Table 2) Summary Statistics of Variables

This table shows the ratings and accuracy of corporate bonds evaluated by credit
rating agencies, and summary statistics on major financial variables of the target
company for the sample period, divided into pre-regulation (PRE) and post-regulation
(POST). On August 29, 2013, regulations on credit rating agencies are enforced under
the Financial Investment Services and Capital Markets Act. Based on this, the
pre-regulation period from 2010 to August 2013 and the post-regulation period from
September 2013 to December 2016 are set. A detailed description of the variables is
presented in {Table 1).

Variable All (N=5,800) PRE (N=2,955) POST (N=2,845)

Mean Median Mean Median Mean Median
Rating Level 7.81 7.00 7.81 7.00 7.82 7.00
Type I Error 0.00 0.00 0.01 0.00 0.00 0.00
Type II Error 0.21 0.00 0.21 0.00 0.20 0.00
InMV 13.05 12.97 12.91 12.68 13.20 13.31
BM 1.50 1.12 1.52 1.18 1.47 1.07
ROA 0.00 0.01 0.00 0.02 -0.01 0.01
Debt-to-Equity 3.25 1.63 2.28 1.60 4.26 1.64
Interest Coverage -393.80 1.94 -1,255.33 2.02 501.04 1.83
Leverage 3.76 1.93 3.39 1.86 4.14 1.99
Operating Margin 0.02 0.04 0.01 0.04 0.02 0.03
Beta 0.90 0.88 0.87 0.87 0.92 0.92
Idio. Volatility 2.65 2.49 2.78 2.63 2.51 2.34

(Table 2)+= W59 Q%FAFE HA| 712, 183l A M(PRE)Y A &
(POST) 7|17to2 ol A Hojal ok A8-5F(Rating Level)9] A 7|7F -2
7.810Ick. A A 712 Bt 7.81, A & 7IRE ek 7.82% A Tl 2K A7t
AFoto] nulshA A-8-5g3-2 shotiles Hojert. Sk Al A 763(A-)0] +F
Al Fo& 75528 FYsIth

A 1% E-rr(Type [ Error)e ZAA717F Bdto] oolch. A A 713 H+-2 0.01,
A F 717 Hat 0.01% A2 ¥sprt @ik #ol| EAER= A9ANE A 15 2
Fe AR 0= AR ZHA7E A9 gle AElelth Al 2% 27 Type I
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Errors AA717F Bato] 0.2101ck 1Al A 71ZF Bk 0.21, A1 F 7|7t B2
0.2002 A Fol F27F ot sholgitt. o590 44| Wsk= mulely] wigo|
ol59] Wzlo] ozt ARl AFS the FEY EAAE I|HEAE ARESlo] A
UstA A3tk

o714 T F2 Al 15 27 Al 28 25F S04 LAYs= vt gole). SAt
e AA Rzt Dok 497t =6 EEth B3 A85H0] 1245 7R EE0]
oAt} o] WiEo] A 15 2570 sgshs R ofF 2 7RsAJo] At} oo g
A2E 79 5742 B Lot SR K Ado] EEY| giize] £7] 552 W
tlete AA| REg o]ojx|x] gk A7 Ao R W Zo)7] wiiolth vt
T W40 Batghs A= ERI7Fsslth Al 18 7] W2 091 Hlsh A 2% 2
9] B2 0.210]ct

SJAEAIME 7195 Hs

—

APFHASES SARE 7He-dl B AR Sl 7hsst
ARESIGET, LS 719 21 Apol7t EASH= 97119
Hpol tigt QOFEAIGE (Table 2)0 Hilskgirh SAIMTE 4Al&swol U
H g9 Ade AmE ARESITE 7199 A7EASl 2TgHInMV)9] AR 71t
Bk 13.05009, A AFE HAWEH, A MdHEte A4 & 71REe] Begio]
H =tk ROAQ AA| 717t Hake 1.500H, A AeE AuHd, 4] AHt=
Al & 717ES] Hatgrol Atk Al & 7IRte] 71 At Aubo g o £4] ok
£ & = Ut} Debt-to-Equity, Interest Coverage, Leverage®] w2 242 3.25,
-393.80, 3.76°It}. Al AFE H|wshH, Al W BE A4 9] Haglo] B A
o Al & AR B9 o] ¥ SIeE Holeth 49l Beta®t
Idiosyncratic Volatilitye] A 713t B2 282 0.90, 2.65°]t}. Beta= 1A AXE
o= A & 71719] HjERe] Hato] AW, Idiosyncratic Volatilitys= Al & 717F
o] 23] ZH4xsto] Wit o] AikE HojEt.
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2. AHpt AESe =0 01T Fet
(Figure 1) Time-series Plot of Credit Rating

This figure shows the change in the number and weight of corporate bond credit
ratings evaluated by credit rating agencies from 2010 to 2016 by grade.
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of7| K A A3t A85F4El X JRRE ASotarAt stk WAl 485
o] B3] izt A|AE F0lE5 (Figure 1)& S8 AHE 5= Qlr} 1 A= 41-839719]
AR 5FE FAE AEER HolFq 9t 48575l 37HE Fetle f, dxEE
Zol7}k 71 sHAIH wid A 7 =] A8 H P U e & 4= Ut 20114
o A1-887} A7} 7P Aol o] Al F7Fete] 201390l 1,00078E HolALL
201480] FIAF HolFal itk A8ewEE AHEH, 201340 £714 559 7]
0] ¥= BB+ 58°] IA F7I6I312H, BB+ oJst sEE% S/t 201482
BB+ o5} 559] $A]7F 2013 K} ZobA]7]= AR, ojs] T o] HTH & FAE
FAISHAL Sl

g B 418538 H59 Al Fol5 B Qlrt. AR F3to] 100%C]17]
ool 7 48558 HSol sl o ZAls] &1 4= ek ShollA AFHE A} o]
20130l BB+ 55 2 7L olst 5HEY] HIFo] &Hs] F7I6k3ith SHARE 20144 ©]
T ol=et AP FAIEA ESHL BB+ 55 olste] HIFo] o] #Eo R Fof=th
20134 #E-Z 20134 99 7|E 02 o] ErhdH 22 AAA =YY a7tE T

23] A 4= 92 Flolek. olo] e the FEY 2AAE AARHE o) 1

2

A} AR A8} Q178 (WA BB+ ofste] $714 So] Soltks A
SARG, SH0] AW 539 P Aol iR BASE ek H9A
(2020)2 FHolAE AEAG] Sleletn 3 4 9l BBB 5 Aol £8Hrt A
oaheA ofe] Sago] Wbehal 9 A|A5ti QIck4) BBB S AU F7t
k2] o] Sto] FAFolok A5 o4 SAEAgel HAH A oluha BB
55 olte] 714 So) AEAAE TS 4 ek, ShAle @A Aol BBB
55 olshis S HRE B3 ARrdo] ofelen] Hxo] ARETS S5 AS
3 71UEE olele S Ae HEe Aol B U Yrky Ausk otk ofF €9l
F St 22 2890 oF 48K WEAES AFshL Ut 1 FUA 5

71HEAAREC] Zdeke yRAIHel wet BBB S olstel Higt FAE 71wshs ZolH.

4) 2$4(2020), “4Fof| oI2 BBBEH ¥F €0l A ASH, 3= AEARES $PT, NICE 23,
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2% BBB 532 89 7199 47} Aok oz QI8 Ariros & 489S 7H A
o8 A=l olo] uje 22 el BL 420 AYEly ek 22 FE97] of
71 BBBSE B2 A5 F2I9] 19 24 S0|91x)ah o oF 3ue] Ao} o]
30 9Ieki Sk, o]g) el Fels BBBS 7I950] SIAM Y 713 o]ojx|giA]
oReBY] TPt A4HT G Aol A Jet ol BAEL 2T 5 9L

o
gaie ), 2 S350 4U Y 2 KA 5 RS IFUTIUE TS 7}

L

20134 48710l thet ARAPEA A A1 ol A1gE| Akl £F Wt
2 P37 Ao BT IS SUUSE 4G 2419 ZAl(ordered logit) FARAS
A3k BYERE 20139 99 A A9 o157k 12 448 wulEs POSTol:
AR AR NEFF] AV 52 e Ag5Fo]] thEe] POSTS FHALTH

EAZ 0= GOl R g 2Tk, A A o]Fo] A8Eo] HubH o= 5

]
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(Table 3) Changes in Credit Rating Levels

This table shows the results of an ordered logit regression analysis for the credit rating
levels of corporate bonds evaluated by credit rating agencies. The dependent variable is the
credit rating expressed as a number. POST is a dummy variable that has a value of 1 if it is
after the regulation is implemented and O if it is before. On August 29, 2013, regulations on
credit rating agencies are enforced under the Financial Investment Services and Capital
Markets Act. The pre-regulation period is set from 2010 to August 2013, and the
post-regulation period is set from September 2013 to December 2016. Specific descriptions
of other variables are presented in (Table 1). The coefficient of Interest Coverage is
multiplied by 100,000. NICE stands for National Information & Credit Evaluation, KIS stands
for Korea Information Service, and KR stands for Korean Ratings. * ** *** indicate
significance under the 10%, 5%, and 1% significance levels, respectively.

Panel A. All Sample Results

1) 2

coefficient z-stat. coefficient z-stat.
POST 0.377** 7.852 0.737*** 12.069
InMV -1.510%** -57.003 -1.518%** -57.076
BM -0.515%** -18.196 -0.511%*** -17.984
ROA -3.286*** -12.093 =3.255%"* -12.170
Debt-to-Equity -0.002 -1.634 -0.002* -1.737
Interest Coverage 0.006 0.070 0.007 0.085
Leverage 0.166™** 25.295 0.169™** 25.688
Operating Margin 0.004 0.038 -0.024 -0.250
Beta 1.282%** 19.129 1.325%** 19.685
Idio. Volatility 0.887*** 27.885 0.947*** 29.101
Bond Index Ret. 0.241%** 8.638
Stock Index Ret. 0.012%** 6.988
GDP Growth Rate -0.049* -1.924
Observation 5,800 5,800
Pseudo R* 0.414 0.417
Panel B. Results by Credit Rating Agency
NICE KIS KR
coeff. z-stat. coeff. z-stat. coeff. z-stat.
POST 0.817%*** 7.900 0.586™** 5.431 0.774** 7.205
InMV -1.489™* -32.884 -1.543** -32.907 -1.555"** -33.354
BM -0.449**  -9.490 -0.454™* -7.691 -0.498** -10.036
ROA -3.203%* 7746 -2.582***  -6.570 -1.096**  -2.630
Debt-to-Equity -0.002 -1.021 0.096*** 6.057 -0.001 -0.813
Interest Coverage -0.023 -0.202 0.077 0.059 0.7171%* 4.447
Leverage 0.163™*** 15.608 0.139%** 8.281 0.153** 14.300
Operating Margin -0.016 -0.112 0.050 0.362  -3.362**  -6.445
Beta 1.140%** 9.895 1.260™%* 10.870 1.512% 12.512

Idio. Volatility 0.981*** 17.955 1.0271%* 17.731 0.868** 14.960
Bond Index Ret. 0.275™** 5.864 0.261*** 5.199 0.187*** 3.839
Stock Index Ret. 0.009*** 3.251 0.01 1% 3.845 0.015%* 5.202
GDP Growth Rate -0.102*** -2.376 -0.046 -1.016 0.009 0.215

Observation 2,015 1,849 1,936
Pseudo R* 0.409 0.423 0.431
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(Table 3)9] s A= AA| S AR ATE Hojerh 29 (1) POST ¥59
A 719548e YEille ¥9sES SAISIIH POSTY 3AAS7E 0.337 (-%
=7.852)2 FAACE |ou|gt K+ 3= HojEh 2y = 7195 v &
7 A FAARY HE, W A 55 A A HeES S
POSTY] 3AAG7F 0.737 (-3=12.069)2 BAHCZ Kojulsict. ol Ak
20139 AREAPEH AR ARt ol IR A8Swel oSl Rolse2
omgitt. o= Al AW & 487N SRRl dith BI7PE H dAste] A
™, o] & QIsf A1-8-5go] ARFH 02 Wolg 33 AR

OE SAMSEY] SAAS a4l FRIth 71945, BM, ROA &
Rt Z(-)] FO& 7|¥FRI} 255, FETLSE, 1L 7 At EerE Al
|97 530l =S HojErt B2 {ofulgt oi(+)2] gk 2= Leverage, Beta,
Idio. Volatility:= 7149] A Hl&, 123 AAA A, HIAAA $9do] 2545
48550l A4 g HERH.

' B AR AIE WrolA LRSItk 9] 4887 k= 8 374t
of gJ5f o]FoIR 1L it} of7]4] NICE= NICE 4887}, KISe 418571 KR gt
=7|9B71E Uehd:. B 2,0009] 7 B2 Blsoit A8 H7A P BA4L Be
BASE ARSSISITE NICE 41887} 320]4 POST W=9] 3| #AIS~= 0.817 (z-%k
=7.900), KISGHAMEE7D9] 3AAG= 0.586 (z-74=5.430), KRE=719E7D9] 3
AATE= 0.774 (2-31=7.205)% 25 A Folde 7ML ot A4 129 237t
£ 4887l osf vrehd A3t okdzt, 371 41887 RRolAN vt 554

ol

i

i

o

3. e} LESE Y2hgol 0T S

9ol 20134 AR A ol Aol HNAOR Stk FEY

AA7E olET dANHES TSI ST ofZlo] HIEA] 485 o]

FIEVES Auiske A2 ot 55 <&z duidle A 4185
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FoIH HolhH 85F0] FEeA ke Fol tEslo] e, o] B4} o2

grtebi FYsleld A5 g0l Yol BAll A85RY HIHEE 2
ek AR SHsolof & Zolek. ool ueh & oAl LAY A ol
ASEF HIHE MR oHE AvuA ok o2 95 Hold 418%
9 Al 15 959 4] 25 2.5l thsl 22 BFshch

(Table 4) Changes in Credit Rating Accuracy: Type | Errors

This table shows the results of logistic regression analysis for Type I Errors in corporate
bond credit ratings evaluated by credit rating agencies. The dependent variable, Type I
Error, is set to have a value of 1 if the company goes bankrupt within one year after
granting an investment grade (BBB- or higher). POST is a dummy variable that has a value
of 1 if it is after the regulation is implemented and O if it is before. On August 29, 2013,
regulations on credit rating agencies are enforced under the Financial Investment Services
and Capital Markets Act. The pre-regulation period is set from 2010 to August 2013, and
the post-regulation period is set from September 2013 to December 2016. Specific
descriptions of other variables are presented in (Table 1). The coefficient of Interest
Coverage is multiplied by 1,000. NICE stands for National Information & Credit Evaluation,
KIS stands for Korea Information Service, and KR stands for Korean Ratings. *, **, ***
indicate significance under the 10%, 5%, and 1% significance levels, respectively.

Panel A. All Sample Results

(1) 2
coefficient z—stat. coefficient z—stat.
POST -26.268 -0.126 -58.740 -0.552
InMV 1.319%* 4.130 1,347 3.960
BM 1.305%*+* 3.558 1.220%+* 3.674
ROA -1.512** -2.218 -2.035%** -2.629
Debt-to-Equity 0.007 0.040 0.061 0.598
Interest Coverage -0.008 -0.454 -0.001 -0.021
Leverage 0.090 0.970 0.085 1.274
Operating Margin 3.269 1.096 0.889 0.325
Beta 0.784 0.952 0.639 0.826
Idio. Volatility 2.284%** 5.448 2.220% 5.063
Bond Index Ret. -0.665 -0.037
Stock Index Ret. -0.156 -0.051
GDP Growth Rate -1.816 -0.039

Observatlon 5,800 5,800

Pseudo R* 0.379 0.433
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Panel B. Results by Credit Rating Agency

NICE KR
coefficient z-stat. coefficient z-stat.
POST -24.120 -0.128 -38.536 -0.186
InMV 0.969** 2.502 1.973** 2.317
BM 0.929** 2.075 1.478* 1.762
ROA -1.599* -1.756 -30.753** -2.486
Debt-to-Equity 0.022 0.096 -0.144 -0.670
Interest Coverage 0.002 0.036 -0.101 -0.357
Leverage 0.088 0.790 0.062 0.322
Operating Margin -0.055 -0.055 9.621 1.083
Beta 0.974 0.986 0.652 0.397
Idio. Volatility 1.634++* 3.302 2.691** 2.327
Bond Index Ret. -0.842 -0.137 32.815 0.970
Stock Index Ret. -0.123 -0.118 -0.963 -1.126
GDP Growth Rate -1.252 -0.079 -17.117 -1.078
Observation 2,015 1,936
Pseudo R* 0.379 0.636

(Table 4= A] 15 95(Type | Erronel ofet 24128 S744 g Bopm gick
A 1% 05 AE AG5T F TR SO 18 ol ] R B9 19 4
oo, Uelals 02 Rofiict. 4] 13 Q5= RuAz 8 shije] cie] A18713]
AFgo] A2 S 2 Aol kel AAIHA S Hmissed defaul)2it B 5 9]
o} 2 A8 5T FAON e Al 15 OF 1S FEURGE dlo] 2A2E SRAS AL
92 v, POSTE] B 9 (DO1H ~26.268 (-9t=-0.126), 2 (o1 -58.740
(- 8=-0.552)2 ()2 S 7P BARHOR oML WIS ZNeE. AEAFS
T O A 15 9571 HAFH WO R W1 HAEHEAA RISk el

A 75k Qo) A8 1 e o Qs AL8E o] Mk o2 sletEgiriE,
NgH7P} o BAHoR WYSIck SJujo]mR ASH Raky Rrst F 7R,
2 A 13 9579 /R4S ot gast WO 21 it St ole] ti
S GO wrshA] 23 AL oligel et

g ol AT MPEE T SHIRA Zkg HoFET itk KIS@FASH/HE
A) 1% 9 3o] 24 7Rb 58 ZA5 globH B0l ALIEIgick. NICE AL/} 3
AISIA] 15 97 & FLE42 Slo] SHIRAS A1 1), POSTE] S 24120
(-20=-0.128)°FF. KROAE SFAKRL 38,536 (-3t=-0.180°Ick = A7)} 1
Qo] A) 72 Aok SUSH L)) P 7HIAIRE BARLO R RolPToAf Sl
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(Table 5) Changes in Credit Rating Accuracy: Type Il Errors

This table shows the results of logistic regression analysis for Type II Errors in corporate
bond credit ratings evaluated by credit rating agencies. The dependent variable, Type II
Error, is set to have a value of 1 if the company is not defaulted within one year after
granting the speculative grade (BB+ or lower). POST is a dummy variable that has a value of
1 if it is after the regulation is implemented and O if it is before. On August 29, 2013,
regulations on credit rating agencies are enforced under the Financial Investment Services
and Capital Markets Act. The pre-regulation period is set from 2010 to August 2013, and
the post-regulation period is set from September 2013 to December 2016. Specific
descriptions of other variables are presented in (Table 1). The coefficient of Interest
Coverage is multiplied by 1,000. NICE stands for National Information & Credit Evaluation,

KIS stands for Korea Information Service, and KR stands for Korean Ratings.

s el sjejel
B B

indicate significance under the 10%, 5%, and 1% significance levels, respectively.

Panel A. All Sample Results

(1) 2)
coefficient z-stat. coefficient z—stat.
POST 0.528*%** 5.193 0.817%** 6.267
InMV -1.463%* -25.702 -1.466%** -25.656
BM -0.2571%** -3.819 -0.231%** -3.491
ROA -0.562* -1.753 -0.587* -1.845
Debt-to-Equity 0.123%** 6.343 0.125%** 6.312
Interest Coverage -0.001 -0.504 -0.001 -0.446
Leverage 0.001 0.079 0.001 0.034
Operating Margin -0.232* -1.712 -0.243* -1.752
Beta 0.784*** 5.658 0.879™* 6.262
Idio. Volatility 1.103*** 18.487 1.167%* 18.852
Bond Index Ret. 0.287%** 4.823
Stock Index Ret. 0.007* 1.918
GDP Growth Rate -0.064 -1.201
Observation 5,800 5,800
Pseudo R* 0.599 0.605
Panel B. Results by Credit Rating Agency
NICE KIS KR
coeft. z-stat. coeff. z—stat. coeft. z—stat.
POST 0.896™** 4.059 0.647%** 2.741 0.787*** 3.411
InMV -1.605%* -15.278 -1.338** -13.569 -1.476** -14.546
BM -0.212* -1.775 -0.053 -0.485 -0.533**  -4.225
ROA 0.047 0.067 -0.999* -1.766 -0.490 -0.856
Debt-to-Equity 0.159%** 4.192 0.170%** 4.013 0.036 1.249
Interest Coverage -0.001 -0.275 -0.041** -3.150 0.000 -0.108
Leverage -0.002 -0.061 -0.051* -1.722 0.066** 2.124
Operating Margin -0.111 -0.374 0.085 0317  -3.497** -3.354
Beta 0.866*** 3.565 0.835%** 3.403 0.848*** 3.350
Idio. Volatility 1.074%=  10.340  1.429™*  12.046  1.031** 9.370
Bond Index Ret. 0.336™** 3.347 0.307*** 2.760 0.200* 1.920
Stock Index Ret. 0.001 0.157 0.011* 1.858 0.008 1.375
GDP Growth Rate  -0.173* -1.874 0.060 0.618 -0.074 -0.786
Observation 2,015 1,849 1,936
Pseudo R’ 0.616 0.630 0.601
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(Table 5)= Al 2& 2F(Type II Error)oll tgt 2AAE] SARA ATE Kol
et Al 2% o7 YRS AEGH F 714 SFolATt 19 ojujof] FwAfE] =A] ¢
2 A% 19 ¢S Fofstlon, UmAls 05 Foslgltth Al 2% oFE HEA
=7 kS S il 4887 £714 53E & A7 uieol ZRE A
Jl(false warningl2tal & 4= Qltk. 2t A8GH FAl0] Hgt A 2% oF 2 TS5
W Slo] FARAS AXSINS w, POSTY 3AASE =& (1)o14 0.528
(z-3=5.193), 28 (Q°lA 0.811 (-#=6.267)=Z FHH2 S 7KK BAF
o= {ojuoitt, AEAEH AARS] A Ho] o]F A 2F 0F = 418E7}
Siate] Z5tE A 37t Z7Kst Aol

THA| 733k QIs) 4188717 AASA 1L Al8-5Ho] B B4 o AYEH, A
BLER] &S 7|HoAE B714 532 & 714, & Al 235 2 false warning)2] 7t
532 3ol A ok /-85t FAlRME old TS HASHIAC T Ao]
ot kAR & A] Aik= A3k FAE Al 2% K-S RYvsH ST
HojErh oAR ol A9 RFgoz Al8Wrte] HFAo] HelHaS ©
]t

g Bollif= A8 B7APER SRSt S]EA ATE Holal Qlok NICE 41887t
JAY Al 15 oF #E SHUSE o] JFEAS AXGIEE W, POSTY 3l
AsE 0.896 (z-%=4.059)°ltt.  KIS@EHHAI8H7he] SlAATE 0.647 (2%
=2.741)°1%, KRY 3#ASFE 0.787 (-@=3.411)°Ic). BEF HHY & 7t
A BAH O foJulsirt,

A F7HA 9] IS SO, 201349 ARG A o] %ol 41-8-5-5F2] H§HAQl 5}
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ot 2185539 Al 15 279 Al 2% 5ol tiafl £4519S b, A 1% 2F= BA8e
2 Joulgt s} glolom A 28 oF= BAIKNCE fonloHA Slete-S st
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oro] BA Ayl=o] oist ¥ 7[X] 734 EX(robustness check)S A48Tt A=
7% 7ol Al At £9] 7|7kS of BA AHEEA], T of| AIHS A9 AR
A= =20l E = Sk 2 AFolkl= 201349 8¢ 299 E] AR2ARHA 4187
ZEsALol| thet A7 Al A 710 & Sto, 201095 20139 8Y7HA = A A
7I1ZE, 20134 9¥FE] 20169 1297A= A4 ¥ 7IRte = AAsIgint. HA 27170
7o, 74 A 717k 39 871, & 7172 3 4711o]| SRttt ol= Ads] 11 71kt

U 4= 7] dhzell 3/d EAolAE 27 IRES 201287 201487H] 302 £04A
A A 3] AlolE AT A B2 19 8704, F= 1'd 47712 st

(Table 6) Robustness Check: Short-Term Period(2012-2014)

On August 29, 2013, regulations on credit rating agencies are enforced under the
Financial Investment Services and Capital Markets Act. The pre-regulation period is
set from 2012 to August 2013, and the post-regulation period is set from September
2013 to December 2014. The table shows the results of ordered logistic regression
analysis on the credit rating level of corporate bonds evaluated by credit rating
agencies, and logistic regression analysis on Type I and II Errors in corporate bond
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credit ratings. Type I Error is set to have a value of 1 if the company goes bankrupt
within one year after granting an investment grade (BBB- or higher). Type 1I Error is
set to have a value of 1 if the company is not defaulted within one year after granting
a speculative grade (BB+ or lower). POST is a dummy variable that has a value of 1 if it
is after the regulation is implemented and O if it is before. Specific descriptions of
>. *’ **’ sesfesfe

other variables are presented in (Table 1 indicate significance under the

10%, 5%, and 1% significance levels, respectively.

Rating Level Type | Error Type Il Error
coeff. z-stat. coeff. z-stat. coeff. z-stat.
POST 0.847** 5.905 -9.540 -0.378 0.538* 1.938
InMV -1.621"%*  -38.626  1.707*** 3.554  -1.654"* -16.627
BM -0.477%* -10.970  1.553*** 3.521 0.153 1.607
ROA -3.973%*  -8.997 -8.133™* -2.652 -5.387** -4.870
Debt-to-Equity 0.015 1.330 0.060 0.606 0.116™* 2.888
Interest Coverage 0.000 -1.285 -0.001 -0.063 -0.004 -0.301
Leverage 0.159™*  14.161 0.071 0.917  -0.079** -2.928
Operating Margin ~ -0.034 -0.314 9.255* 1.731 0.093 0.392
Beta 1.898***  19.193 0.769 0.805 2.030*** 9.197

Idio. Volatility 1.127%* 21.564 2.659%* 4.520 1.346%* 12.871
Bond Index Ret. 0.160** 2.248 6.246 0.467 0.119 0.854
Stock Index Ret. 0.040*** 8.353 0.010 0.141 0.040%** 3.760

GDP Growth Rate  0.000 0.000 0.000
Observation 2,518 2,518 2,518
Pseudo R? 0.439 0.494 0.643

(Table 6)<> 20129F€ 201497H4] ©7] #&2] AWE HojF1l it 1id AofA
< 15, Al 15 o5, Al 23 o7 Al 719 S5l tigt sjEAle Adsiir
27 T Qe POST W] 3AASE HH, 4855 F&Ee 0847 (%
=5.905), Al 1% 7= -9.540 (2-4k=-0.378), Al 2F 7oA 0.538 (2-4k
=1.938)0[t}. 29| At IA th=A] ot

R A AlRFEE 20131 9= AR Aol digl] olES AAE e A ol Af
Al AEE 7120l Hie =2 siEsh] fsf the A 240l 2013 ARE AA
Stal A A3t 9] 717E vlastin:. mEbA 1A A 7172 2010195 201218714
o, A F 7|7k 2014W5-H 2016A7FA| 0]t
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(Table 7) Robustness Check: Results of Samples Excluding 2013

On August 29, 2013, regulations on credit rating agencies are enforced under the
Financial Investment Services and Capital Markets Act. The pre-regulation period
from 2010 to 2012 and the post-regulation period from 2014 to 2016 are set. The table
shows the results of ordered logistic regression analysis on the credit rating level of
corporate bonds evaluated by credit rating agencies, and logistic regression analysis
on Type I and II Errors in corporate bond credit ratings. Type I Error is set to have a
value of 1 if the company goes bankrupt within one year after granting an investment
grade (BBB- or higher). Type 1I Error is set to have a value of 1 if the company is not
defaulted within one year after granting a speculative grade (BB+ or lower). POST is a
dummy variable that has a value of 1 if it is after the regulation is implemented and 0O
if it is before. Specific descriptions of other variables are presented in {Table 1. *, **,
** indicate significance under the 10%, 5%, and 1% significance levels, respectively.

Rating Level Type | Error Type Il Error
coeff. z-stat. coeff. z-stat. coeff. z-stat.
POST 0.848*  12.208  -22.233  -0.298  1.002*** 6.346
InMV -1.531%* 53,441  1.446™* 3.641  -1.502** -23.294
BM -0.527** -16.810  1.183*** 2,682  -0.353"*  -4.573
ROA -2.603**  -11.124 -2.212**  -2.454 -0.154 -0.376

Debt-to-Equity -0.002**  -2.110 -0.035 -0.132  0.119™* 5.479
Interest Coverage 0.000 -0.181 0.000 -0.052 -0.003 -0.743

Leverage 0.176™*  24.440 0.143 0.989 0.029 1.384
Operating Margin -0.050 -0.520 1.735 0.533 -0.115 -0.485
Beta 1.184** 15.669 -0.835 -0.792 0.466*** 2.844

Idio. Volatility 1.064** 29.345 2.160%** 4.345 1.340** 18.197
Bond Index Ret. 0.167*** 5.310 2.193 0.040  0.234*™*  3.240
Stock Index Ret. 0.012%** 7.134 -0.122 -0.056 0.009** 2.338
GDP Growth Rate 0.042 1.399 -3.972 -0.067 0.020 0.307

Observation 4,962 4,962 4,962
Pseudo R? 0.425 0.483 0.628

(Table 7)2 20133 A|<Jgt 29| AFE BT et g AolAi= 41854,
A 1% o7, A 2% oF Al /1Y) F&WSo] digt 3HEAS Agetirt. POST ¥
9] HAIE HH, 485w SOl 0.848 (2-3=12.208), Al 1§ 25l
M -22.233 (z-3=-0.298), Al 2% QFoAE 1.002 (z-F=6.346)2 EE9]
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(Table 8) Robustness Check: Type Il Errors of Alternative Cutoff Points

This table shows the results of logistic regression analysis for Type II Errors in
corporate bond credit ratings evaluated by credit rating agencies. Type II Error is set
to have a value of 1 if default is not processed within one year after the speculative
grade is assigned. As the cutoff point of the speculative grade, BB+ or lower (11
higher) is used as in the text. In addition, CCC+ or lower (17 higher) and CC or lower
(20 higher) are added as alternative cutoff. POST is a dummy variable that has a value
of 1 if it is after the regulation is implemented and 0 if it is before. On August 29,
2013, regulations on credit rating agencies are enforced under the Financial
Investment Services and Capital Markets Act. The pre-regulation period is set from
2010 to August 2013, and the post-regulation period is set from September 2013 to
December 2016. Specific descriptions of other variables are presented in <Table 1).
£ sfeske sfesfeste

The coefficient of Interest Coverage is multiplied by 1,000. indicate

significance under the 10%, 5%, and 1% significance levels, respectively.

BB+ 0[5K11 higher) CCC+ 0|5K17 higher) CC OI3K20 higher)

coeff. z-stat. coeff. z-stat. coeff. z-stat.

POST 0.811™*  6.267 0.800*** 3.379 1.492%** 3.145
InMV -1.466™* -25.656 -0.480** -5.811 -0.099 -0.723
BM -0.231%**  -3.491 -0.335"* -3.235 -0.058 -0.494
ROA -0.587*  -1.845 -1.812"* -5383 -2.148™* -5.809

Debt-to-Equity 0.125%* 6.312 0.025* 1.878 -0.003 -0.378
Interest Coverage -1.159 -0.446 0.000 0.447 0.000 0.232

Leverage 0.001 0.034 0.123%** 7.004 0.046** 2.144
Operating Margin ~ -0.243*  -1.752 -0.283 -1.341 -0.254 -0.789
Beta 0.879*** 6.262 -0.265 -1.092  -1.192*** -3.127

Idio. Volatility 1167 18.852  0.669"** 8369  0.923**  7.312
Bond Index Ret.  0.287**  4.823  0.460™*  4.231  0.555**  2.891
Stock Index Ret.  0.007* 1.918  0.025**  3.818 0.021 1.483
GDP Growth Rate  -0.064  -1.201  -0.130  -1.402  -0.299*  -1.707

Observation 5,800 5,800 5,800
Pseudo R* 0.605 0.432 0.508

(Table 8)= THIRE AARES ARSRE Al 2% 25 $h2 SHHUTE ol A
AARE AAE HojFal Qrh BB+ oJ5K11 highen)E AMERF A¥k= & (Table
5y Bas A3}t 5Ugt =20ty CCC+ ©JsK17 highenE FAFICE AMESH
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Abstract

This paper examines whether the strengthening of regulations actually
improves the quality of credit ratings. The empirical analysis is conducted as
of September 2013 when the regulation on credit rating agencies (CRA) was
transfered to the Financial Investment Services and Capital Markets Act. This
study examines the effects of strengthening regulations in two aspects. First,
after the regulation, it is found that the level of the credit rating itself falls on
average. Second, when verifying the change in the accuracy of the credit
rating, it is found that the type II error, that is, the false warning of the credit
rating agencies corporate credit has increased. These results are common to
all three credit rating agencies. Taken together, the overall fall in credit
ratings was found after the regulation of the Financial Investment Services and
Capital Markets Act in 2013; however, this had the adverse effect of increasing
the type II error, a false warning of corporate credit. This study shows that
regulatory changes can affect the quality of capital market information, and
also that it is necessary to recognize and prepare for the side effects of

regulations.

% Key words: Credit Rating Agency, Regulation, Financial Investment Services

and Capital Markets Act, Rating Inflation, Accuracy
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BEEY 8 o2 7HA9] o7t B2t 7t A Sl 4= = AolET1R
F(life cycle framework)el] 7|HIsIc} 7129] Z7|AMG O & BEEHAISE AEGE0]
Holk= 7HAIE 7HdstaL, AFgE 0] 7HAH] 9] MEde S40ks U0 E-8FH T
3 EoKYarri 1965; Fischer 1973; Campbell 1980).

HEA O =E Lewis(1989)= AFFEY =85 7H|9] 8 £5ATFAFGE A9 FAR
HIEHDHY 7THEES FHielshke A 0= A5t A Al f502 vy
SRR} AP E AFgotal, o592 71 a-g TRlolA AFFEY Q0] thet B st
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o] gfol 1€ A% HA=H o ® SAsittal I 4= QIATL ERlsipT Hea
A7 Al ARAEIET ola= RIS | dlwol 12 Zash= Zlo] ARk

cp 7R AMEERE

 § : BorlEo] A A 3o = (relative risk aversion)

* TC: FI7159] SAHFAZIA (-2 vl A7 AFgshs Al nldd 27t 7
Aoz S¥sk= AI7IA] At SavEdS ARV A = SR =

© Wi ZHAZE BRR eARE

(4] DolA Fhe BE7IIFA(M-ol HER>pF), SRS BEIYE7) 24 =
Apato] REE Aol A Heprio] M4 Avlg AFs)y] g8t Aoe gokdny WA,
AP 711 BeIEe] SANARAIA(TO)2 HARAK W) 7 il iE B3

ojoi |, RorlEo] FauA A0 JFS Fi 8L 7lFe] AFIERE(p), K
FHE (), $52) SRS E()elck

w5 B 540 $:0.8 BP0 AT (4] DA 5] AgeEe] He4E,

9=0] R T} LS4E 181 §F0 ZAHFATT =S4E APTE | O
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A= il Aoz ERIEQIth Liebenberg, Carson, and Dumm(2012)= 2E,
APAEA 5 BY7IESC] A7 Aoliakdo] AgsHH AFTEY] 71]lo] FVtske AIE
hen, Wong and Lee(2001) 1949~1996¢ vl= AFYHY 4=9 HILE
EARE A} M2 SBRTO] AFEEY 7Hlo] At AME WS, T oliE F

WPE Qi B4 271, 2o ABo= AT A S 714 5 ALSY,

mi;
ol
8
()
@)



TR HOQF HAIS 710! 7t

1z

2l

rh

7HA9] ABlojE S Eehe FA Hf7 AFGEY 71E Eols 8910
A7} U} Hartley, Paulson and Powers(2017)2 1989~2013¢ ©|=-9] APgHE.
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Hoj&/418tE/71etiE Eaet 37| 5e/SA1E 71 7 8AA o= ot A+
A7} ebsh

Durkin and Elliehausen(2017)2 dJA|ZF tigke] 7FAIZRARR}=(Survey Research
Center of University of Michigan)& AF&s}o] A- 88 H 3 (credit life insurance)3)
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APSEHO] tit AlAISE o= Qs FAYE tiv] Ale da42Eo] &7] mieo] X9
of Zidstel= R]lo] ARt

Mulholland, Finke, and Huston(2016):= AAI881°] 1992~20109 ml=2] FAIE
9 7IIE st mlRl Y 24T FARo] tisf ZhAlold FES Algohe =
FAE/FE(l: Roth [RA)S] Edo] FAIEE =8 748}t #edo] U=A] AEstaTt. 7t
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Bernheim(1991)-2 AR|E7AH0], SAALS(ER] A3 T2 AT HAIZH 71X]),
A o HA APE o] B AT ofil Y 55 HeE Tl AFEY 85 BA5191
t}. 1975¢ yig&t=(Longitudinal Retirement History Survey)2] 64~GoA]| SHAS
EAeE A}, w9AF AP AFFE Y 7HY) 7F ()9 BATF YRR o= AFEdSE
o] A3 HA(of]: A5A] B, SR 5) 22 S8ES ARt

SHH, =7} Aol A AFEEY 4=80] gk AFEAE o]FoiFrh Li et al.(2007)
3071 OECD =7+e tho 2 AE Y R0f kS v o= e ARI8AIA B934 A
7 8210] tisf] R4St =7 ABEY = RIS 7 HAL WSeEo] w2
5 F7oke WH, 7Idiego] wal, FRO AR EAAE0] s Hashs o=
YERRTE S8A AT BHAY U] A AYESE TS SR W, =
< AIEF oA} 2 AAFE = AEEISE 1= A= A o= YETh

Swiss Re(2020) OFAIoF 107] =7t Ol A8RF HE2 AL WA 0= nARI=E 54
sto] 7HA| AR 9] AFFEAZAZHMPG: Mortality Protection Gap)E ARSIt AFG
HAARE 71A|19] o HATAT 7REARE 7t Aol &2 AbEE =t AR AR v
I e}

ARG AR=E Q BAgF -7 AR

- BRRBIATITF AU D] A cp

« 7Hg3 A= 7ot Ao AR 7 A FA A G F R

9 AellA 7H FAle g gdo] ZeELL, BARY ZIg L 7RERt Aol
T B HAFH AESHoM n R, oy FIE R4S, iv &7t
S ES YUttt HREATAT} 78N It Aol &2 At AFEAARN = 7
Fo A7 ¥ &5, 7THAES B A, RS ¢, 27V E, AU E 254
F, FeAt AR, HA7IIEY 5ol AERi: o dtollA =] A
] BAEY 71459 v 16.6%%2 F785 0] A=Al 22(20.6%), 2718.8%)
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B9, F8710] 17.6%, AAF AHESaHEC] 13.4%2 Vet olg A=
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(Table 1) Ratio of Debt Households by Debt Type
(Unit: %)
Year Total -

Mortgage Loan Rental Deposit Others
2007 49.0 6.8 11.3 35.8
2008 50.3 6.6 14.6 37.2
2009 49.0 20.6 15.8 23.6
2010 47.9 21.7 15.3 21.0
2011 45.7 19.8 14.7 19.0
2012 42.7 20.0 15.0 16.3
2013 42.2 19.6 13.9 16.0
2014 40.5 18.9 13.7 14.7
2015 39.0 19.2 12.9 13.6
2016 37.4 18.7 12.2 12.8
2017 37.1 18.3 12.1 12.4
2018 35.9 19.3 9.8 12.0
Average 42.8 17.6 13.4 19.1

Notes: 1) The ratio is the proportion of households in debt among the sample households.
Since a household may have multiple debts, the sum of the ratios by type of debt is
greater than the overall ratio(see {Appendix Table 1) for frequency).

2) Cross-sectional weights were given by year(Same as below).

3) Mortgage loans were investigated from the 3rd survey(2009), and Rental deposits
were investigated from the 5th survey(2011).

4) ‘Mortgage Loans are loans from government and financial institutions, ‘Rental
Deposit’ are based on survey data, and Other Loans are student loans, financial
institutions, and credit card related loans.

Source: National Survey of Tax and Benefit(NaSTaB) 1st~12st household data.

(Table 29X B4 Bf 718 iR 24 R38R 12E AmErt. 744
£ BERst 7] 7R SRA N2 20076 7,0255F LollA] 2010 8,2867F Y= 8%
T 4 Asleton, 20124 9,5139F ¢, 20150 19] 1989 Yo Z7sict
7 FZ 2AP12S] 20180l 19] 2,1669 92 RAS HR3et Aog FARE I
RS B3t B8 7 £ 0] 22 f82 AAE dHES a2 20184 7|+ 1
9] 4,708% Y, FHEENE 19 9477 ¢ FFolv}. FeEHEgE, AN ddES S

3} e BEAL Tl BRYE Q9 F8TiEe] Hle) AhAos Foje] 2 wak ohfet ¥
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(Table 2) Debt Amount of Households with Debt
(Unit: 10 thousand KRW)

Year Total -
Mortgage Loan | Rental Deposit Others
2007 7,025 4,306 7,531 5,987
2008 7,107 5,301 7,889 5,450
2009 7,366 7,547 7,578 3,874
2010 8,286 7,958 8,968 3,928
2011 8,403 8,068 9,762 4,158
2012 9,513 8,552 10,527 4,960
2013 9,732 8,726 10,942 5,724
2014 9,888 8,828 11,227 5,501
2015 10,198 9,168 10,934 5,940
2016 10,839 9,734 11,397 6,558
2017 11,222 10,207 12,017 6,441
2018 12,166 10,947 14,708 6,391
Average 9,222 8,744 10,244 5,334

Notes: 1) See {Appendix Table 2> for frequency.
2) Only households with debt were analyzed.
Source: National Survey of Tax and Benefit(NaSTaB) 1st~12st household data.

2) EXES

71 7191 AR 2k 0] A9k} 2016~2018E 7185193 (Table 3)0lA R
e} Zo] tid7 17t HA| MIGEE 7IUE BHES 76.0%, A7 AT 5217 o]
t} o] § BAH 0T HFS S Qls SE(EH/JoH/AFTER) tigh 7IAES 75.5%
ol1, FAFHE 4158t € Seolct. APud RAte] BARTLE AR S5 L& glo] A

/8O AFES S 10 Z1Ie A 7R ERE] diio] detdos T
ARG Al 550 BARA BA 0= TRRloh= APAFEY 7HlERT B A Vet
o} BEAT(2019) RA] SJaHd, 20199 Syt 7] AFEY 71182 19.9%
Sl vl AEEAEY 61.0%, LR 33.3% sFolch wehA, 2 Ayl &
Aot Agolls A A X g5 2291 AEdy) Adolg s 23tk Yol ¢
SJsfof gtk

O
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(Table 3) Ownership by Private Insurance Products Type
(Unit: 10 thousand KRW, %)

Year |Classification| Total Protection—| Individual Tax— Tax-non | Saving-
type Retirement| qualified | qualified type
Insurance | Pension Pension Pension | Insurance
2016 Amount 515.3 402.7 340.4 352.5 381.6 407.5
(10th) | Ownership | 75.4 74.9 1.0 8.2 9.9 4.2
2017 | Amount | 530.2 415.5 392.3 374.1 423.8 449.9
(11th) | Ownership| 75.6 75.2 1.1 8.8 9.1 2.8
2018 Amount | 518.2 427.1 347.8 358.0 419.9 395.3
(12th) | Ownership | 76.9 76.5 1.8 7.4 7.3 2.3
Amount 521.2 415.3 358.7 362.0 407.0 417.4
Average
Ownership | 76.0 75.5 1.3 8.1 8.7 3.1

Notes: 1) Only premiums paid directly by the insured household are included.

2) Since the survey was conducted by private insurance type such as Protection-type
insurance after the 10th survey, the analysis period is from 2016 to 2018(same as
below).

3) The number of valid samples used in the analysis was 4,790, 4,770, and 4,765
households in 2016, 2017 and 2018, respectively(a total of 14,325 households over
3 years).

Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.

5 AFoldE ZHARAS BAEY Alo|o] TAIE F4l0R AET Gt BAE

2 201695 o]F XARE] 0] 2016~2018W ARE FHOE HESIC FAjel 2R

9 gRdto] #AE AuEE, 20168~20184 Bt £A7T Q= 7= Qi 7ol

Jofl HAEY ool A7 1247 ¥ W2 2102 UERith olE B EEE Auk

gt diZo] e 7, Al RS EHEe] s 7 7TEHE 7 o

g E27E gl 7Hrell vlsl BAEY gioo] folslA At ZH2 1137 €, 864t ¢,
841t 9 w2 Z o= vehrt.

ol &l B wf BT B VLSS RS Wol 7Ideke Z0& olsfd 5
U=t ol LAS(IHRPE 23 TEASE A5 AMEE D8] AYS T 5
U o]t AAH 5L 7IFto R HER GRI} 7Fsol] fiECE & 4 Qi ol
T2 (Table 4)0flA &I 4= Ut

el

jag

)

5) ZAAIES 2017490l
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(Table 4) Differences in Protection-type Insurance Payments by Debt Type
(Unit: 10 thousand KRW)

Classification Total Debt -
Mortgage Loan | Rental Deposit Others
With Debt(A) 520 538 526 523
Without Debt(B) 396 425 439 439
Gap(A-B) 1247 113 86*** 84k
p-value 0.0000 0.0000 0.0000 0.0000

Notes: 1) *, **, *** mean significant at the 10%, 5% and 1% levels respectively(Same as below).
2) The number of valid samples used in the analysis was 3,638, 3,615, and 3,685
households in 2016, 2017 and 2018, respectively(a total of 10,938 households over
3 years).
Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.

B}t 717 AAAAES] IAE AuEE, 20169~2018E Bt EA7F QlE 7=
= 7Ho] vlsf 71 AAAS0] A7t 1874 9 o W o' yERgt) ol BAG
FEZ AnEY, FHERGE0| s 7ML, AAE ddES I &l Sl 7, 71E
Z 7 o FA7E Sl 7l Hlsh AAdAaSe] 2442 1695 €, 1919 9, 1149 ¢
o] FosHA B B2 AR UEth ol Bl & ol FAt B VLS T
A50] == A& uotalo) A4l A5 2 ks 7HEo 2 XQ1E wol & 4= Q1Y)

HEl® & 5 Ut

(Table 5) Difference in Monthly Average Current Income by Debt Type
(Unit: 10 thousand KRW)

Classification Total Debt -
Mortgage Loan | Rental Deposit Others
With Debt(A) 526 547 576 510
Without Debt(B) 339 378 385 396
Gap(A-B) 187 169™** 1977 1147
p-value 0.0000 0.0000 0.0000 0.0000

Note: 1) The number of valid samples used in the analysis was 4,781, 4,768, and 4,761
households in 2016, 2017 and 2018, respectively(a total of 14,310 households over
3 years).

Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.

0) Aguid 102~114F A=E B-83t FAeh JaS3te] e 0.4279°]0
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(Figure 1) Relationship Between Age and Insurance Ownership
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(Figure 2) Relationship Between Age and Household Debt
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(Figure 3)> APASEER Eoto] S5 U FEGRUE] EA] ofFof| 2 &
FEY 7SS vust Aolok. 7l AR71E0E B HARY VQIE SHRAEH
SRS ER 717 vER 7REECE 404] B[Rt 8.4%p(10.8%p), 40A1~554] 7=
3.5%(4.8%p), 554 23t 71= 29.4%p(29.6%p) =2 AOZ YERTE 554 23} 7}
To| BAHY 7IQ1E0] IA W AL £8= 29l 9o 3= 9% 283t Aujo]
o BEAREC] AT 9 AR9dEe] ol 1Sl dish Q145 AljtehH, A
Ago] e FHA I 71E AZs] wjEolch

(Figure 3) Protection-type Insurance Ownership by Age & Household Debt
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At el o] FElgHE(Mortgage), e =S EHERental), 7|EitE
(Othen)®] 37H]= 231t 53] FAIE HAet AGASER S5H(07 4= B4
H3 71, @Al mAe JRke gofsl] sl AedS AuRieE By TR
ok &, 7 ARo] Y E mRgA] tigt #Y7IRES 71 vh, S2E Aite A
o] HARYS &8 vt vl & & itk wEbA, ALt Ao (Age x Debt)
W 2H) PAIE B3l ASA R metsialA} S

BARGE 7SS 71E02 A(Gender), ABAIS, 1A 4 (Spouse), -5
(Education), ¥a&(Wage), AA78= AL, 71 W FIAA(18A4] v]9ii)
[XYChild), FHE-HHouse), 2=(LIncome), TAH#HLNetAsset, EAA-ZHAY) 02
Sto] B ASRY EA0M 389 SHHsR SNt &5, &AM HaE AlQst
I BT HuEs FEE Zsigith
o] TAIE a2t 404 HITHAge_Y), 404 o1 554 ofst, 5541 2K Age_0)9] Al
AT R FESIH, AFTEA TPl FAL TS 40~554|= SHIT

S, AAFB AFE(White Collar), 484F(Blue Collar), 7[E}& &SI, &, A
A2 HRE, A7t B B SARE ARFSARRE ARIATARL HOSARIE S0, ALt
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rh
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ot
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. ShEol(Double Income)= 71 Bk pAP F 2585 5 Sho] 712 dAeiitt.

(Table 6) Variable Description (Household unit Analysis)

Classification Variables Description
Dependent Insur Protection-type insurance ownership(Yes=1, No=0)
Variable LAmount In(Protection-type insurance amount)
Debt Total Debt (Yes=1, No=0)

Age_YxDebt [Age dummy (under 40=1)xTotal Debt

Indepe | Explana Age_OxDebt |Age dummy (over 55=1)xTotal Debt
ndent | tory

variable|variable

Mortgage Mortgage Loan (Yes=1, No=0)
Age_YxMortgage [Age dummy (under 40=1)xMortgage Loan

Age_OxMortgage |Age dummy (over 55=1)xMortgage Loan
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Rental Rental Deposit (Yes=1, No=0)
Age YxRental [Age dummy (under 40=1)XRental Deposit
Age_OxRental |Age dummy (over 55=1)XRental Deposit
Other Other Loan (Yes=1, No=0)
Age YxOther |Age dummy (under 40=1)xOther Loan
Age OxOther [Age dummy (over 55=1)xOther Loan

Gender Household gender dummy (male=1, female=0)

Age of head of household, under 40(Reference:
Aee Y 40-55)

Age.O Age of head of household, over 55(Reference:

40-55)
Spouse Spouse dummy (Yes=1, N0O=0)
Child Dummy for children under 18 years old (yes=1,
no=0)
Educatio Household head education dummy(college
Control ucation above=1, other=0)
variable House Home Owned Dummy (Yes=1, No=0)
Wage work status of householder (wage earner=1,
Wage _
other=0)

White Collar |Occupational dummy (white collar=1, other=0)

Blue Collar  |Occupational dummy (blue collar=1, other=0)

Household Income dummy (Double Income=1,
Other=0)

LIncome In(Annual Current Income, 10K KRW)
LNetAsset In(Net Asset, 10K KRW)

Double Income

(Table 6)& LR 7|&&A &4 AHE AASHE thZ (Table 7)3 Ath
(Table 7)0lA Elu|¥= SR At 7]eslal, AdYeE TR ¥ees &
o] gk AAshs FEE ootk 2016~201849 39 B%H9] A& AAler3l o,
2018 7o = 9 Hg AT vt gt

BA 710] B2 E4d0] 68.8%= titkrloH, A 541431, AR
o HIE2 4041 BIE 21.0%, 4041 oV 55411 olst 34.7%, 554 23} 44.3% it 7
FHEe-E, 71 W oldd AR EA) Bl 42 63.2%, 29.4%A3L, Shdo] Bl 33%,

TS E 3980 9, 7 AR 39 2,0529 Yo7 AR Eoh FHA

8) B4 KOSIS #pzoll oJshd 2018\ 4/4%7] 7Ht5 Age WA 71 53.18A], 224
7H- 49.324, WA} 7 58.79MZ APIHERAR A=t 2 Alels YItHEAR
KOSIS/7H5 % 71 didt 7] ZX).
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(Table 7) Descriptive Statistics
(Unit: %, 10 thousand KRW)

Classification 10th | 11th | 12th | Total
Dependent Variable Insur(=1) 749 | 752 | 765 | 755
Il
° Amount 403 416 427 415
. 2 . .
Total Debt Rate 37.4 57 35.9 36.8

Amount | 10,839 | 11,222 | 12,166 | 11,404

Mortgage Rate 18.7 18.3 19.3 18.8

Explanatory| Debt | Loan | Amount | 9,734 | 10,207 | 10,947 | 10,308
variable | Type | Rental Rate 122 | 122 | 98 | 114
Deposit | Amount | 11,397 | 12,017 | 14,708 | 12,575
Rate 128 | 124 | 121 | 124
Amount | 6,558 | 6,441 | 6,391 | 6,465

Other Loan

Gender(Male=1) 69.6 | 693 | 688 | 69.3

Average 55.3 54.7 54.1 54.7

Age Young(Under 40) 17.4 19.1 21.0 19.2

Independent Middle(40-55) 374 | 363 | 34.7 | 36.1
variable Old(Over 55) 452 | 44.6 | 443 | 447
Spouse(Yes=1) 64.7 63.9 | 63.2 63.9

Child(Yes=1) 32.7 31.5 29.4 31.2

Control |Education(College Above=1)| 3.8 3.9 3.7 3.8

variable House(Yes=1) 54.8 | 543 | 53.5 | 54.2

Wage(wage earner=1) 54.8 54.5 55.0 54.8
White collar(Yes=1) 477 | 47.7 | 47.3 | 476
Blue collar(Yes=1) 30.3 299 | 29.6 | 299

Other job(Yes=1) 22.0 22.4 23.0 22.5
Double income(Yes=1) 31.0 32.3 33.0 32.1
Annual Current Income 367 380 398 382

Net Asset 27,522 | 30,482 | 32,052 | 30,035

Note: Refer to {Appendix Table 3) for the frequency of the variable.



(Table 8) Person Correlation CoefficienHouset

1 2 3 4 5 6 7
1. LAmount 1
2. Gender 0.2846* 1
3. Age Y -0.1250* | -0.0365* 1
4. Age O -0.1034* | -0.1373* | -0.4378* 1
5. Spouse 0.4125* | 0.6539* | -0.0808* | -0.0711* 1
6. Child 0.3142* | 0.2653* | 0.1344* | -0.5463* | 0.3818* 1
7. Education -0.0541* | -0.2343™ | -0.0972* | 0.2088* |-0.2012* |-0.1264* 1
8. House 0.2058* | 0.2041* | -0.2964* | 0.2488* | 0.2921* | 0.0078 | -0.0156
9. Wage 0.0199* | 0.1262* | 0.2704* | -0.4486* | 0.0875* | 0.2594* | -0.1935*

10.White Collar | 0.0725* | 0.0379* | 0.2697* | -0.4853* | 0.0927* | 0.2794* | -0.1812*

11.Blue Collar 0.0196* | 0.1794* | -0.1289* | 0.0980* | 0.0852* |-0.0511*| -0.0508"*

nﬁiﬂz 0.3142* | 0.3509% | -0.0410* | -0.1285* | 0.5144* | 0.2566* | -0.1220*
13.LIncome 0.5106* | 0.4266* | 0.0981* | -0.4308" | 0.4877* | 0.3873* | -0.3240*
14.INetAsset | 0.2902* | 0.2915* | -0.1617* | -0.0039 | 0.4029* | 0.1406* | -0.1867*
15.Debt 0.2076* | 0.1804* | -0.0230* | -0.1592* | 0.2503* | 0.2363* | -0.1077*

16.Age_YxDebt | 0.0228"* | 0.0359* | 0.5467* | -0.2394* | 0.0764* | 0.1727* | -0.0531*

17.Age_OxDebt | 0.0190* | 0.0582* | -0.1852* | 0.4230* | 0.1000* |-0.2229*| -0.0155

8 9 10 11 12 13 14
8. House 1
9. Wage -0.1283* 1
10.White Collar | -0.1153* | 0.3753* 1
11.Blue Collar 0.0919* | 0.1089* | -0.6226* 1

12.Double

0.1465* | 0.0776* | 0.0962* | 0.0999* 1
Income
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13.LIncome 0.1278* | 0.3615* | 0.4189* | 0.0139 | 0.4171* 1
14.LNetAsset 0.4094* | 0.0131 | 0.1603* |-0.0595* | 0.2044* | 0.4771* 1
15.Debt 0.1437* | 0.0981* | 0.1603* | -0.0249* | 0.1911* | 0.3147* | 0.2318*

16.Age_Y xDebt | -0.0574* | 0.0631* | 0.0628* | -0.0346* | -0.007 | 0.0189* | -0.0371*

17.Age_OxDebt | 0.1726* | -0.1254* | -0.1349* | 0.0523* | 0.0261* | 0.0202* | 0.1718*

15 16 17

15.Debt 1

16.Age_Y xDebt | 0.3488* 1

17.Age_OxDebt | 0.4984* | -0.1012* 1

2HH, SEARLAmount)et ARG o= AHIA7 2255 AR AR

H A5 79482 =oAL AR AT =4 HH teaAAd Y

2= 9Jt}, webA, BAMYQIZK Variance Inflation factor: VIF) AZS

&3l A 2P W 7 s A EA of ol disl] A Ett. dEHE o= VIF A5

of W=, VIF gfo] 10 ool thsa4l/do] EAshe A o= 7H5ttt. & AtollA

HS Fho] B 10 ofsol1L, Hat VIF gi= 2.012 Yeht s34
=

(Table 9) Multicollinearity Verification Between Independent Variables

Independent variables VIF Independent variables VIF
Gender 1.71 White Collar 3.75

Age Y 2.09 Blue Collar 3.3

Age O 2.78 Double Income 1.33
Spouse 2.24 LIncome 1.76

Child 1.67 LNetAsset 1.58
Education 1.03 Debt 2.28
House 1.28 Age_Y xDebt 2.05

Wage 1.31 Age_OxDebt 2.6

Mean VIF 2.05

Note: Multicollinearity test results for regression model({Appendix Table 6) reg3).
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X(Panel Tobit) 5 YRS F4 02 3o}

ZAE M (Panel Logit), 39 EHlE
o, o]9] BAZATlo] 74 s
Al 2AEA(Logit), EXIEA(Tobit), OLSEAY = ¥aYs194ct.9)
BaiTiol diet 1] AR Teisl] BAE B Sk siglon, 4%
T A 2 37 B f3EHEEAE, AAE dUESEHE, VETR)eE
FEsto] AT, 5] BAZ AT AU FEURC IS BART 719,
FH)of| v]A|= G welsh| S8l oS s B ZIAZTH
£ A7) 83t B3PS FAACE FHSHA the (2] 3)T Atk off BYolA i=
Xy= 8 ABHrsE 453

Ap9] 718t SAHsE2] WElFH, €7

¢

Vi =a+ X, +vD; +0l; +e€+u, (A 3)

S,V BPRE 719 olR(1e=1, 1)7190=0) 32 In(LFRF B, X, Fak
Y SR SR, FUgutE, A IuSIE, VehE, PAIIET 5
SRR WS, D, 7H7F AEvl(d=1, ol=0) W Blu, 747 R elelehe At o)
8=1, §18=0) 5 HUlA%, I, Bv] ¥ 9] 7jek SAMSOMABLE, S04 5

i

9) HgEy Qo] dut=Al OLS 4243 52 (Appendix Table 4>, {Appendix Table 5),
{Appendix Table 6)°] =5}t
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(Table 10>2 W23 B5< F8alo] $AFE BABY 719 3go) vk
g Bl o7 |AE 9hA] A ATl B Fluke) BN & o 2
% gefol Qlehe e Tefsle] ARATS 7S ARG V|E0R A Wgow TEs
k. 5, 404 A2 MR 71l Wbk st 554 HRAHA E g vel
749 s} ol Aoz Teslo) 719 AR VlEo R P40 HIh, FWvt
T40A] oV 554] o18h), FILA7FHG5A] 230 | Ao R TR

274 AN 2 T AEs 24 el Wt 47k TR 29 (1-)L
S04, B2 37 B, BY(1-3)2 SR FB 1 4TPA, 2
B(1-4= 370 B QA 7 B TA] T S Afole,

WA S (Deb)7t EAIBHE 74 FHAE S 7470] Hls) BARHS 1S
2 % BBL ROl e ZoR FHEIHEY (1-1). o) BAPE EAisks
A9 B4R 719 5L B NP AAGA] dhulslels Ao Hole Zow
F2gc

SRS FAEEE(Mortgage), WA ANEEFRE(Rental), 71ek th(Other)
o 371 fYoE THE 2k WAF IhRSF WS AT GASHA HHOE 1t
ERATH A1), ol FEPETE, PihE g 7F7 Sl RV gl 71 v
BARY F1Iekgo] & Zolm, WA 71EEAN Be] ¥t gl 717t g T
of u]8) 2719) Shgo] Serh 23t Axshe Aol

BY(1-3)3 BH(1-4E AFYT 7F HETHAZ <A W2 B ARWE o]
A BR 5.4 oj5r} R 719 Shgo) mlX) ek F4e Floltt. wH(1-3) At
= SRR} R 2k ool BARCR folskA gtk TEl, RGPS 37
2 789 BY(1-4HoE FAPETES BT 1850 RARHI] g%

5o BAX O olstct, Ed WSS BT FTHBE FO5E 10%4 5
Adom ol winl, RAlS Bee Fdse] S-S SAHCE Sofsi] ot
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(Table 10) Panel Logit Analysis on the Ownership of Protection-type Insurance

Model|  xtlogit1 xtlogit2 xtlogit3 xtlogit4
Independent Var (1-1) (1-2) (1-3) (1-4)
Debt 0.710™** = 0.46 =
Mortgage - 1.184** - 0.442
Rental = -0.11 = -0.232
Other = 0.763™** = 0.382
Age_Y xDebt = = 0 =
Explanat Age_OxDebt = = 0.37 =
varoi;i)l o | Age YxMortgage - - - 1.435
Age_OxMortgage - - - 1.094**
Age_Y XRental - - - (omitted)
Age_OxRental - - - 0.085
Age_Y x Other - - - -0.828
Age_O xOther - - - 1.023*
Gender -0.430* -0.401* -0.440* -0.429*
Age Y 0.009 0.02 -0.023 -0.123
Age_O -2.199*** -2.135™** -2.310%** -2.384%*
Spouse 0.816™** 0.811%*** 0.825™** 0.840™***
Child 0.551** 0.502** 0.573™ 0.530*
Education -2.539%"* -2.559"* -2.519%* -2.519"*
Control House 0.204 0.116 0.213 0.122
Wage 0.657*** 0.643** 0.653*** 0.634™*
White Collar 1.300™** 1.275%* 1.303%** 1.27717%*
Blue Collar 0.995%" 0.956™ 0.996*** 0.934™*
Double Income 1.009™** 0.993%** 1.011%* 0.978***
LIncome 2.249%* 2.255%* 2.243%* 2.24G%+*
LNetAsset 0.056 0.098 0.054 0.096
Constant -10.733** | -11.100"** | -10.606™* | -10.842%"*
Number of sample 13,774 13,774 13774 13691
/Insig2u - - 2.261% 2.275%*
LR chi2 41.70 52.08 42.28 55.36
Prob)chi2 0.0001 0.0000 0.0004 0.0001

Notes: 1) Dependent variable is dhsecuins(insured = 1).
2) For general logit model analysis results, see (Appendix Table 4).

Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.
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BARTE SoIA FofRt Hapse SAHoE AYshd vt A 77 94l
73%= ool sl BAEY ZHISES B2 A o= FFESITh A7 Age_Y)= Al
I 4ol AR SR FoJsHA] o, SR 7HHAge_O)= Td7Hl Hs] HAREY
71RIgRgo] FolotA W2 ACR UEpt) ol Sk A ATt BRI 22¢
= TA) Y= @S HolFal qlon, A AgTe] HAEY ZIIgES S197
Tl 7P R3S Hol 11 Qi

83, 7] WA AW, 7ol i DR e B 1EAL 7
7} 35 olste] e Y A-H(Het ol Al B2 ) HAEY 79 o] B2 o=
EAEQIE B3 7T e EAR I AY AR S AR o] FARE e, T
9] B A} ASEE(FHo)SHAY 7S] 228 BT V1Y g8l ¥
2 2108 EAEQIH10 out Fdrten], FEEAEE]| SR B AR 7
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S, (Table 11)9] X392 AP+ FEHIFF(LR chi2)s &1 AASI=T, 25+
1% FoJ52ollA] ARt 20 & =T} E3F 52t HS(Hausman Test: &
off AutEAl HPt i AP s EA6IA g 2AEA P 1(xtlogit]) T} ZAE
g 1(logitl) 7k 121, 2R E P2 (xtlogit2) 2t 2R F2(logit2) 7+
Hausman Testd3= 1%7-2] =<20ll4] g 24154]0] Bt 33t A0 2 YEyth
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(Table 11) Hausman Test of Panel Logit Model and General Logit Model

Classification xtlogit1 vs. logit1 xtlogit2 vs. logit2
chi2 212.47 214.84
Prob)chi2 0.0000 0.0000

p
N
i

10) 71+9] &5 74 2717F BgEY 7Hdel vile 93= vlush| s $%
THARA tRE T SEAR 43S (Appendix Table 4)°f $535i5it. #4123,
7HRAEIAAR: 0.087)°0 wls] A5=@1AAR 2.243)0] FFo] ¢ F AR Ho]
U, ol #EES HA ootk Aol g et Al o, Zle S AN Hol da
59| gatgio] 7THAIRAY] BHEG A2 E7tete] SFIAS gl o A 74"
A2 da50] 7HARAel Hs BAAEY ZIRle) njAle gl At o= o
W Floftt
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(Table 12)= BARY YHAS SEHLE 5101, EARFERZ 7o) BgRY
Folof] ojigt P v]x|= AJof| tel] A E 1A} 53T} °o]F I8l 3] HEH(0LS)=

(Table 12)% (Table 10)9} vi7IA|2 A A2jdhalof wet 4714 A= A
Alstleh. 23(2-1) Aik= SFAE EASH: 7He SRA7F gl 7Hel His BAR
3 gRo] Fojob w2 A og AL BP(2-2) HARTE :H4AE i 3
g iEo] 3= 7F{Mortgage)2t ARl Q= 7HHOthen) ] 3 fofsHA| '
()02 FYE o, AAF- AtiESFo] = 7FHHRental)2] Al 32 7-2I6kA] &
ek

At ol 4 Eofroffrh HAgRY gdrolo] njXs J3kS 347 Aot Z3(2-3)
s SRR Fefoh, B x 74 Aod T4 F2IoHA] Rk 2F(2-4)
MM FHEEAE SAAE Foloht 23] 44 el ¥ ols &
& AGH et oA R aeo] HAEY HRHof T

= oJugith. o, <Appendix Table 6)9] IRFEHIEA AuolA FSIH7 FollA

FHHEOIEO] Q= 77 fls 7l Bis] B gido] g2 Aos FHHA

o AHEEHIEA Aye] 2w F1Y7Hs ditdor ] vis) A

Folo] HRWHAG A, FeB FA7E EAchs FLF7H= HAEY gido] &

7Moo g S715ke AL R ofsfd & i ea). 12

(Table 12) 242 SAHSTE SoIA Fott HapsS Sz dYshd o

O

CT«
M
kl
e

|

o2

11) Yyt S)AEAH(OLS)2 (Appendix Table 6o +=3F% ‘:]'

12) {Appendix Table 594 F1PAe] Aganz Eojuk ASghe -0.0810]%, 1
PR FHIA tigo] US AS dsaHE IUieke ]—r%}:% 0.1337HE RIS
2771 &3t —-—XHOPEKE% tobitd F=X).



Tpssh meet waws vt 2t 2 [IEEN

23} 2} PAIPS FLAA L BE S7ho] u]s) AR Pielo] gojs
we o2 Yehdrh, Arl AneieEo] Wob BEast ke 7is4ol 9L,

2 93 S elo] wo} RAIRIES WA MRS SE Aok 177 A9 7H)

Y A4S e BFage] HBERS S Yov, Ao 7% A4S 1Y

>
ju)
0,
to
o>4 ;‘”.:

R

R He7Id= Y

Aglog HIgw A AEE &

oI} wetA, ThaRA o

2 AR ZIAAR 7HsE Aol

(Table 12) Panel Tobit Analysis on the Amount of Protection-type Insurance

o

Model xttobit xttobit2 xttobit3 xttobit4
Independent Var (2-1) (2-2) (2-3) (2-4)
Debt 0.062%** = 0.052* =
Mortgage = 0.0527%** = 0.051**
Rental = 0.001 = -0.012
Other = 0.09717%*+* = 0.058*
Age_Y xDebt = = 0.03 =
Explanator | Age_OXDebt = = 0.012 =
y variable | Age Y xMortgage = = = 0.004
Age_OXMortgage = = = 0.021
Age_Y XRental = = = 0.038
Age_OxRental - - - (omitted)
Age_Y xOther = = = 0.078
Age_OxOther = = = 0.061
Gender 0.006 0.007 0.006 0.007
Age Y -0.1517** -0.151%** -0.163™** -0.167**
Age_O -0.118™*** -0.114%* -0.124%* -0.127%%*
Spouse 0.284*** 0.284*** 0.284*** 0.284**
Child 0.184** 0.183*** 0.184*** 0.182%**
Education -0.03 -0.03 -0.029 -0.027
Comrol House 0.073** | 0073** | 0073 | 0073
Wage -0.062%*** -0.060%*** -0.062** -0.060**
White Collar 0.112%* 0.106™** 0.117%** 0.105%**
Blue Collar 0.148™** 0.142%+* 0.148**+* 0.141%**
Double Income 0.0837** 0.0827%** 0.0837** 0.0827%**
LIncome 0.364™** 0.364™** 0.364™* 0.363*
LNetAsset 0.034** 0.037*** 0.034%** 0.038™*




[ 64 [EREEECRCHRE

Constant 2.862%* 2.833%* 2.870** 2847+
Number of sample 10,660 10,660 10660 10660
/sigma_u - - 0.537%** 0.537**
/sigma_e - - 0.455™* 0.455™*
Wald chi2 2477.93 2493.72 2478.48 2497.07
Probychi2 0.0000 0.0000 0.0000 0.0000

Notes: 1) The dependent variable is Inhsecuins (the natural logarithm of insurance payments).
2) For general Tobit model analysis results, see (Appendix Table 5.
Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.

7R] v AL AW, 7ol vl SRR = A AP M EfSks 7
A S, BARY gREHo] Frteks A 0w BT E3L 7Tt BIdEEEA]
ANLTZZA Alg RE ) ARA] S22 Ao SARE A9, 7RE9] vl 9AE A&
ESE(o)sAY 7R AS] F2E, 1Y eAMle] BESE BAREY o
Fo] @ Ao g BAFI. ot 71 A, S TH| Hes HAEY gRAs 4
“golk=tl Fofet Y T4 Fok= A= UEdTh

SHH, (Table 12) 2&9] A= G=(Wald chi2) 32 EHHSI(LR chi2) B
o7 E 7 el BF 1% FelaeeoilA] Atet 202 UERTh ERL (Table 13)
9] sh¢-=4t AS(Hausman Test)S &3 LR EHRFT} 4] A=s 247 A4,
I EH R Y1 (xttobit]) T YVIEHIRT I 1(tobit]) 7t I8]1, HEERREF2(xttobit2)
I} QUFEHIRHF2(tobit2) 7F] Hausman Test 2= 1% -9-95Fo)|A] g d EHIEA 0]

e Aoe ekt

(Table 13) Hausman Test of Panel Tobit Model and General Tobit Model

Classification xttobit1 vs. tobit1 xttobit2 vs. tobit2
chi2 352.54 385.67
Probychi2 0.0000 0.0000
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2 ATe g w s S8t Il 7S] BA R oot BAHER /ol /AL
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B3] 71 7hedE EoleAl AFshaat sigleh. 38 Auks QoFeld vhaat 2tk

A, 2008~20181 5%t FAE EA3E 7|19 Hle2 FH o= dasie] 20184

7% I 71 ojE] BRE BRSE 7] HIES 35.9% oIt TS B HIFO]
¥ PE2 FHHEAERE /MY 19.3%7t Bk Qo 28718 dRitiE/s
AFHE/AS7IEdE 5 YhlE 12.0%, DA AdESE B9 gES 2R3 7

H&2 9.8% <Eolt}. FAE HAet 719 a2 2008~201849 &9 A&3 2.
& 371l #1123} 20184 7| RS HAR 7o) et A 19 2,166

Hol| Zet}. HAlE A ESa B tiEe] 19 4,708%F YO 7P =1, FHFHE
i 19 9479 ¢, UYIE 6,3919F Y =0t

EA4, 2016~201849 A 45 BAEF A7 GRA JEEES: 3965 Y, H
5207 ¥)= BAECE RoJolA Ao/}t k. TSt A H-§ 7Rre] AdAaEo] nlEy
719] ZAAAE(T R 3390 9, BH: 5265 YELE BAKoR G5l Tk FA)
HR710] BAEY 712 BERE WS 4 s A ot A 208 Bt

A, el W5 BAIGE el A SARAS A}, RS BRS THALSE BAE
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UA, HAAES 71l tiet FAER avhe A9y 1 v=A Ueidth deAks
(FAE x AgADel thet 58 2}, SH3T 716 9T 2t FofsHA t2th &
FeHIEAEY 7EES ERR 1950 EAAEY 7Pl s ¢S9O
H]5 -F-2I5HA| &t

o|A}o] AT Ao A& 31e] AP AN Durkin and Elliehausen 2017)2} Zo]
FAEG 7Hd0S EAEY 719 3] =1L, 7MY figds] AHdolN BAEHS

8oL U= AXRIH o|2R T YTEA MM E EAES 0] R vt
oA, 7S] FASE skt A 5 7R Fgell 71ofshe 715l UThE, k4
Hunder-insured)=|A] $EE 2Eek A@o] Hasicy. SAZ0= BIEREA B
& AT FsiA 8718 et AAISHe] GAIEEAS E85he Zlo] BiEElsith
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(Appendix Table 1) Ratio of Households in Debt by Debt Type

(Unit: %, households)

Classification Total Mortgage Loan | Rental Deposit Others
2007 49.0 6.8 11.3 5,987
(5,014) (5,014) (5,014) (1,755)

2008 50.3 6.6 14.6 5,450
(5,039) (5,039) (5,039) (1,890)

2009 49.0 20.6 15.8 3,874
(4,830) (4,830) (4,830) (1,096)

2010 47.9 21.7 15.3 3,928
4,778) 4,778) 4,778) (1,013)

2011 45.7 19.8 14.7 4,158
(4,740) (4,740) (4,740) (898)

2012 42.7 20.0 15.0 4,960
(4,756) (4,756) (4,756) (810

2013 42.2 19.6 13.9 5,724
(4,807) (4,807) (4,807) (787)

2014 40.5 18.9 13.7 5,501
(4,819) (4,819) (4,819) (725)

2015 39.0 19.2 12.9 5,940
(4,832) (4,832) (4,832) 670)

2016 37.4 18.7 12.2 6,558
(4,790) (4,790) (4,790) (625)

2017 37.1 18.3 12.1 6,441
(4,770) (4,770) 4,770) (576)

2018 359 19.3 9.8 6,391
(4,765) (4,765) (4,765) (580)

Average 42.8 17.6 13.4 5,334
(57,940) (57,940) (57,940) (11,425)

Note: Related to {Table 1).
Source: National Survey of Tax and Benefit(NaSTaB) 1st~12st household data.
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(Appendix Table 2) Debt Amount of Households with Debt
(Unit: 10 thousand KRW)

Classification Total Mortgage Loan | Rental Deposit Others
2007 7,025 4,306 7,531 5,987
(2,421) (340) (562) (1,755)

2008 7,107 5,301 7,889 5,450
(2,532) (307) (734) (1,890)

2009 7,366 7,547 7,578 3,874
(2,338 (973) (695) (1,096)

2010 8,286 7,958 8,968 3,928
(2,287) (1,009) (726) (1,013)

2011 8,403 8,068 9,762 4,158

(2,209) (962) (732) (898)

2012 9,513 8,552 10,527 4,960

(2,129 975 (720 810

2013 9,732 8,726 10,942 5,724

(2,105) (983) (680) (787)

2014 9,888 8,828 11,227 5,501

(2,024) (936) (687) (725)

2015 10,198 9,168 10,934 5,940

(1,962) (965) 673) 670)

2016 10,839 9,734 11,397 6,558

(1,855) (899) 651) (625)

2017 11,222 10,207 12,017 6,441

(1,823) (883) (664) (576)

2018 12,166 10,947 14,708 6,391

(1,767) (931) (531) (580)

Average 9,222 8,744 10,244 5,334
(25,452) (10,163) (8,055) (11,425)

Note: Related to {Table 2.
Source: National Survey of Tax and Benefit(NaSTaB) 1st~12st household data.
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(Appendix Table 3) Descriptive

Statistics
(Unit: %, 10 thousand KRW)

1z

o 10th 11th 12th Sum
Classification
Value | Freq | Value | Freq | Value | Freq | Value | Freq
Insur(=1) 749 |4,789| 75.2 |4,768| 76.5 |4,761| 75.5 |14,318
Amount 403 |3,638| 416 |3,615| 427 |3,685| 415 |10,938
Gender(Male=1) 69.6 | 4,789 | 69.3 | 4,768 | 68.8 |4,761| 69.3 |14,318
Average 55.3 | 4,789 | 54.7 | 4,768 | 54.1 |4,761| 54.7 |14,318
Age Young(Under 40)| 17.4 | 4,789 | 19.1 |4,768| 21.0 |4,761| 19.2 |14,318
Middle(40-55) 37.4 | 4789 | 363 | 4,768 | 34.7 |4,761| 36.1 |14,318
Old(Over 55) 45.2 | 4,789 | 44.6 | 4,768 | 44.3 | 4,761 | 44.7 |14,318
Spouse(Yes=1) 64.7 4,789 | 63.9 |4,768| 63.2 |4,761| 63.9 |14,318
Child(Yes=1) 32.7 | 4,789 | 31.5 | 4,768 | 29.4 |4,761| 31.2 |14,318
iﬂiﬁif?f(conege 38 |4789| 39 |4768| 37 [4761| 38 |14318
House(Yes=1) 54.8 | 4,789 | 54.3 | 4,768 | 53.5 |4,761 | 54.2 |14,318
Wage(wage earner=1) 54.8 | 4,789 | 54.5 | 4,768 | 55.0 |4,761| 54.8 |14,318
White collar(Yes=1) 47.7 14,789 | 47.7 | 4,768 | 47.3 4,761 | 47.6 |14,318
Blue collar(Yes=1) 30.3 | 4,789 | 29.9 | 4,768 | 29.6 |4,761| 29.9 |14,318
Other job(Yes=1) 22.0 4,789 | 22.4 |4,768 | 23.0 |4,761| 22.5 |14,318
Double income(Yes=1) | 31.0 |4,789| 32.3 |4,768| 33.0 | 4,761 | 32.1 |14,318
Annual Current Income| 367 |4,781| 380 |4,768| 398 |4,761| 382 |[14,310
Net Asset 27,522 | 4,789 | 30,482 | 4,768 | 32,052 | 4,761 | 30,035 | 14,318
Total Rate 37.4 |4,789| 37.2 | 4,768 | 359 |4,761| 36.8 |14,318
Debt  |Amount| 10,839 | 1,855 | 11,222 | 1,823 | 12,166 | 1,767 | 11,404 | 5,445
Mortgage| Rate 18.7 4,789 | 183 |4,768 | 19.3 |4,761 | 18.8 |14,318
Debt | Loan |Amount| 9,734 | 899 | 10,207 | 883 |10,947 | 931 | 10,308 | 2,713
Type | Rental | Rate | 12.2 4,789 | 12.2 |4,768| 9.8 |4,761| 11.4 |14,318
Deposit [Amount| 11,397 | 651 |12,017 | 664 |14,708 | 531 |12,575| 1,846
Other | Rate | 12.8 |4,789| 124 |4,768| 12.1 |4761| 12.4 |14318
Loan |Amount| 6,558 | 625 | 6,441 | 576 | 6,391 | 580 | 6,465 | 1,781

Note: Refer to {Table 7).
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(Appendix Table 4) Panel Logit Analysis on the Ownership of Protection-type
Insurance(Explanatory Variables: Ln(Debt Amount))

Model|  xtlogit1 xtlogit2 xtlogit3 xtlogit4
Independent Var 1-1) (1-2) (1-3) (1-4)
In(Debt) 0.0877** - 0.061* -
In(Mortgage) - 0.137%** - 0.051
In(Rental) - -0.020 - -0.047
In(Other) - 0.110%** - 0.082
Age_ Y xDebt - - -0.030 -
Explanat Age_OxDebt - - 0.339 -
Varoiz)l o | Age_YxMortgage - - - 1.440
Age_OXxMortgage - - - 1.110™*
Age_Y XRental - - - (omitted)
Age_OxRental - - - 0.220
Age_Y xOther - - - -1.072
Age_OxOther - - - 0.785
Gender -0.432* -0.402* -0.440* -0.428*
Age Y 0.01 0.016 -0.011 -0.109
Age_O -2.201%** -2.129™** -2.300%** -2.366™*
Spouse 0.818*** 0.811*** 0.825™** 0.836™*
Child 0.545* 0.499* 0.567* 0.532*
Education =2.547%* -2.566™** -2.525%** -2.521™*
Vcaor?;;’é House 0.208 0.113 0.215 0.117
Wage 0.661*** 0.647* 0.656™** 0.636™"*
White Collar 1.299%* 1.276™ 1.302°%** 1.273™**
Blue Collar 0.998™** 0.953™ 0.999*** 0.931%
Double Income 1.0171%* 0.9917"** 1.012%* 0.979%**
Lincome 2.243% 2,252 2.238™ 22474
LNetAsset 0.05 0.1 0.049 0.1
Constant -10.640™* | -11.103** | -10.550™* | -10.893***
Number of sample 13774 13774 13774 13691
/Insig2u 2.272%* 2.291% 2.265™** 2.277*
Wald chi2 1025.34 1015.08 1026.34 1012.79
Prob)chi2 0.0000 0.0000 0.0000 0.0000

Notes: 1) Dependent variable is dhsecuins(insured = 1).
2) For general logit model analysis results, see (Appendix Table 5).

Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.
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(Appendix Table 5) General Panel Logit Analysis on the Ownership of
Protection-type Insurance

1z

e T WIEll oo logit2 logit3 logitd
Debt 0.530™** = 0.282 =
Mortgage - 0.648*** - 0.599**
Rental = 0.069 - -0.044
Other - 0.623*** = 0.205
Age_Y xDebt 0.198 -
Explanal ™ yo0 OxDebt 0.316 -
vatr(i)gkl)l o| Asge_YxMortgage - 0.826
Age_O xMortgage - 0.106
Age_Y XRental - (omitted)
Age_OxRental - (omitted)
Age Y XOther - -0.415
Age_OxOther - 0.825**
Gender -0.374%** -0.365*** -0.378*** -0.374%**
Age Y -0.047 -0.046 -0.112 -0.098
Age_ O -0.932*** -0.906™** -1.018%** -0.985***
Spouse 0.256™** 0.261%* 0.259** 0.273**
Child 0.314™* 0.291%+* 0.338** 0.286™*
Education -1.040™* -1.041% -1.037%** -1.036***
Vcaor?;gfé House 0.099 0.062 0.105 0.051
Wage 0.458*** 0.457** 0.453*** 0.452**
White Collar 0.798*** 0.768*** 0.803*** 0.768***
Blue Collar 0.517*** 0.481%* 0.521%** 0.472%**
Double Income 0.652% 0.631*** 0.655™** 0.620***
LIncome 1.420™* 1.412%* 1.418™* 1.413%*
LNetAsset -0.01 0.016 -0.012 0.018
Constant -6.693"** -6.854*** -6.599*** -6.805%**
Number of sample 13,774 13,774 13774 13691
LR chi2 6272.64 6282.33 6276.16 6267.13
Prob ) chi2 0.0000 0.0000 0.0000 0.0000
Pseudo R2 0.4260 0.4267 0.4262 0.4269

Note: Refer to {Table 10 for panel logit analysis results.
Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data(After the 10th
survey, coverage insurance is created).
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{(Appendix Table 6) General Panel Tobit Analysis on the Amount of Protection-type

Insurance
e~ Modell 4oty tobit2 tobit3 tobit4
Debt 0.081%*** = 0.064** =
Mortgage = 0.063™** = 0.012
Rental = 0.009 = 0.004
Other = 0.124** = 0.107***
Age_Y xDebt = = 0.026 =
Explanatory| Age_OXxDebt = s 0.031 2
variable | Age YXxMortgage - = = 0.059
Age_OxMortgage = = = 0.133%**
Age_Y xRental = = = -0.042
Age_OXxRental = = - 0.015
Age_Y xOther - - - 0.056
Age_OxOther - - - 0.018
Gender -0.052* -0.051* -0.052* -0.052*
Age Y -0.118%*** -0.118%*** -0.130%** -0.142%*
Age O -0.053** -0.049** -0.066** -0.081%***
Spouse 0.268*** 0.268*** 0.268*** 0.267**
Child 0.210™*** 0.208*** 0.2171%* 0.214*+*
Education -0.004 -0.002 -0.001 0.004
Control House 0.110"** 0.112% 0.111% 0.115*
variable
Wage -0.094** -0.0971%*** -0.094*** -0.091%**
White Collar 0.133™* 0.125%** 0.133*** 0.124%*
Blue Collar 0.214** 0.204** 0.214*** 0.202%**
Double Income 0.104* 0.102%* 0.105%** 0.104"**
LIncome 0.470™** 0.468™* 0.470™** 0.467***
LNetAsset 0.002 0.007 0.002 0.006
Constant 2.537 2.503%** 2.549* 2.533™*
Number of sample 10,660 10,660 10660 10660
/sigma_u - - - -
/sigma_e - - - -
var(e.LAmount) - - 0.473™ 0.472%*
Waldchi2 - - - -
Probychi2 - - - -
LR chi2 4036.06 4054.25 4037.29 4069.23
Probychi2 0.0000 0.0000 0.0000 0.0000
Pseudo R2 0.1534 0.1541 0.1534 0.1546

Note: Refer to {Table 12) for panel tobit analysis results.
Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.
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(Appendix Table 7) Analysis on the Amount of Protection-type Insurance(panel
regression, general regression)

Panel regression

General regression(OLS)

Variable
xtregl | xtreg2 | xtreg3 | xtregsd regl reg?2 reg3 regd
Gender 0.011 0.012 0.011 0.011 -0.052* | -0.051* | -0.052™* | -0.052*
Age Y -0.153***|-0.153**| -0.166™** | -0.172*** | -0.118***| -0.118*** | -0.130™** [ -0. 142***
Age_O -0.122***|-0.118"**| -0.128™*| -0.135™**| -0.053** | -0.049™* | -0.066™** [ -0.081***
Spouse 0.285™* | 0.285™** | 0.285™* | 0.285*** | 0.268™* | 0.268™** | 0.268*** | 0.267***
Child 0.181** | 0.180™** | 0.181*** | 0.180*** | 0.210™** | 0.208™** | 0.211*** | 0.214***

Education -0.032 | -0.032 | -0.031 -0.028 | -0.004 | -0.002 | -0.001 0.004

House 0.070™* | 0.071*** | 0.070*** | 0.071*** | 0.110*** | 0.112*** | 0.111*** | 0.115***
Wage -0.060** | -0.058"™* | -0.060™* | -0.058™* -0.094*** | -0.091***| -0.094™** | -0.091***
White Collar | 0.109% | 0.104™* | 0.108*** | 0.102*** | 0.133*** | 0.125"* | 0.133*** | 0.124™**
Blue Collar 0.143™* | 0.137*** | 0.143*** | 0.135™* | 0.214™* | 0.204™* | 0.214™** | 0.202***
Double Income | 0.081*** | 0.080*** | 0.081*** | 0.080™* | 0.104™* | 0.102™** | 0.105™** | 0.104™*
Lincome 0.357** | 0.357*** | 0.357*** | 0.356™* | 0.470™* | 0.468™** | 0.470"** | 0.467**

LNetAsset 0.036™* | 0.039™* | 0.035™* | 0.039*** | 0.002 0.007 0.002 0.006

Debt 0.061*** 0.052* 0.0817*** 0.064™*

Mortgage 0.051** 0.043 0.063™** 0.012
Rental 0.001 -0.012 0.009 0.004
Other 0.089*** 0.054* 0.124%* 0.107***

Age_Y xDebt 0.03 0.026
Age_OxDebt 0 0
Age_Y X Mortgage 0.011 0.059
Age_OXxMortgage 0.019 0.133%**
Age_Y xRental 0.04 -0.042
Age_OXRental 0.019 0.015
Age_Y xOther 0.081 0.056
Age_OxOther 0.066 0.018
Constant 2.890** | 2.862* | 2.898™** | 2.879™** | 2.537** | 2.503™* | 2.549™** | 2.533***
Number of | 14 55y | 10,660 | 10,660 | 10.660 | 10660 | 10660 | 10660 | 10.660
sample
r2_a - - - - 0.314 0.315 0.314 0.316
Waldchi2 2411.13 | 2426.66 | 2411.49 | 2432.32
Probychi2 0.0000 | 0.0000 | 0.0000 | 0.0000

Note: The dependent variable is LAmount(the natural logarithm of insurance payments).
Source: National Survey of Tax and Benefit(NaSTaB) 10st~12st household data.
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(Appendix Figure 1) Relationship Between Age and Debt
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(Appendix Figure 2-1) Relationship Between Age and Insurance
Ownership(With Debt)
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(Appendix Figure 3-1) Relationship Between Age and Insurance
Ownership(With Mortgage Loan)
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Abstract

This study empirically analyzed the effect of household debt on
Protection-type insurance(disease/injury/death) using National Survey of Tax
and Benefit data(NaSTaB, base year: 2016-2018). The proportion of
households with debt was 36.8%, and by debt type, mortgage loans were
18.8%, rental loans were 11.4%, and other loans (student loans/financial
institutions/credit cards) were 12.4%. The Protection-type insurance coverage
rate was 75.5%, and the size of annual amount was 4.15 million KRW. As a
result of examining the effect of debt on Protection-type insurance purchase
using panel logit analysis, we find a statistically significant effect. With respect
to interactions (debt type X age group), the effect of debt on Protection-type
insurance purchases varies by age group. Especially above 55 years old with
mortgage loan are statistically significantly more likely to purchase
Protection-type insurance than the other groups.

To prevent under-insured of debt-holding households, appropriate policies
should be reviewed such as cost-effective group insurance policies, credit
scoring model with loan rate discount, and distribution strategies through

digital platform.

Key words: Household debt, Protection-type insurance, Mortality protection

gap
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We use the generalized Pareto distribution and the copula to analyze the
impact of asymmetric tail dependence on the risk measures. Simulation
results show that the risk measures with symmetric tail dependence
underestimate those with asymmetric tail dependence. We also quantify the
superiority in the portfolio returns from characterizing the asymmetric tail
dependence. The returns of the optimal portfolios from the asymmetric
marginals are higher than the returns of the optimal portfolios from the
symmetric marginals in the majority of the cases. A caution needs to be
exercised in concluding that characterizing the asymmetric dependence in the
process of modeling the marginal distributions seems to have an impact on
the performance of the optimal portfolio due to the statistical significance of
the rate differentials.
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|. Introduction

The mean-variance framework assumes symmetric marginal distributions
and symmetric dependence between marginal distributions. Departures from
symmetricity of the multivariate distribution of portfolio returns have impacts
on optimal portfolio choice and risk management. The Arrow-Pratt’'s risk
aversion of investors intuitively allude to the existence of conditional skewness
and asymmetric dependence structures. Against a backdrop of these
assertions, a line of research has been devoted to analyzing the impact of
conditional skewness on optimal portfolio choice. Harvey and Siddique (2000)
show that non-elliptical reciprocity of the joint distribution at both extremes
would render the discount factor in the pricing kernel to be nonlinear. Harvey
and Siddique (1999) suggest controlling for skewness to address time-varying
conditional volatility and asymmetric dependence at both ends. The
contribution due to Harvey and Siddique (1999) enlightens the importance of
conditional skewness in analyzing optimal portfolio choice.

Recent advancement has been made in modeling conditional skewness and
asymmetric dependence at the same time. It is proved to be convenient to
employ the copula methodology in describing the interdependence structures
of the portfolio independently from the marginals of the individual assets.
Patton (2004) shows that the mean-variance framework for portfolio selection
would not work when the multivariate normality assumption is at odds by the
data. Patton (2004) analyzes the asset allocations decisions using copulas when
there are asymmetries in the tail area dependence. Patton (2004) analyzes
portfolio performance by comparing the realized returns of the portfolio from
a bivariate normal copula and the other from a time-varying copula

distribution. The gains from competing portfolios are measured by the rate of
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return differentials between the portfolio strategies. Zhu and Galbraith (2010)
employ the asymmetric Student t dynamic conditional score model to control
for the asymmetric dependence in the tails of the distributions. The
convenience of this approach is that deviations from non-skewness of the
multivariate distributions are often taken care of in the process of modeling
asymmetric tail dependence. de Roon and Karehnke (2017) develop a skewed
distribution from a mixture of two normal distributions and show how
skewness has an impact on risk metrics and portfolio choice. This approach
evaluates the risk measures based on the calibrated analytical formulas from
the normal density. While the procedure due to de Roon and Karehnke (2017)
to estimate the risk measures and solve for the optimal portfolio weight from
the expected utility maximization is intuitive, their methodology has some
restrictive features in it. That is, the skewed distribution in their work is
created by combining two normal distributions and is sometimes intractable
due to non-invertibility of the normal distribution. Thiele (2020) presents a
parametric model based on the asymmetric Student t distribution due to Zhu
and Galbraith (2010) combined with the dynamic conditional score procedure.
The asymmetric Student t dynamic conditional score model is similar to the
skewed t distribution due to Hansen (1994) in the sense that a shape parameter
governs skewness. However, the asymmetric Student t distribution is capable of
controlling for different thickness between the left and right tail. Armed with this
new approach, Thiele (2020) analyzes the impact of asymmetric tail dependence
on optimal portfolio choice. Also, the economic gains from modeling asymmetric
tail dependence with the asymmetric Student t distribution are numerically
approximated.

In this paper, we combine marginal distributions for individual assets and

copula distributions for dependence structure to form multivariate distribution
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for market index portfolio returns. The marginal distributions are designed to
represent the difference in tail thickness. The copula distributions are chosen
to reflect asymmetric tail dependence. The aim of this paper is two folds. First,
we use the generalized Pareto distribution and copula distribution to present
the impact of asymmetric tail dependence and fat-tailed behavior on the risk
measures. Second, we quantify economic gains from modeling asymmetric tail
dependence of the market index returns. We evaluate the rate of return
differentials between the optimal portfolios from the asymmetric Student t and
asymmetric t distributions against the skewed t distribution.

The remainder of the paper proceeds as follows. Section 2 briefly describes
the asymmetric Student t model introduced by Thiele (2020). Section 3

presents our empirical results. Section 4 concludes the discussion.

I1. Modeling

We employ a conditional distribution with the asymmetric Student

t-distributed residuals for the market index returns:

vy, =u+te, &=0,2, t=12, 1T, (1)

2~ (0, VL,V p)s

where u is the mean, o, is the time-varying standard deviation, and z, is
distributed to asymmetric Student t with shape parameters, «,v;, vp. The
parametric model for the asymmetric Student t-distributed market index

returns is:

f(yt : cht’avvbvﬁ)
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v,+1
_ 2]
LM(Q,V[/,Vﬁ) 1+L o * s Yi < H
Oy Vr\ 2« oy
vpt1 ’ (2)
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1 1 Yy — H 2
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v,+1
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M(a,uL,uR)Z *K<Z/L): - *K(Z/R)K(I/Z)— o
“ F(—L) TV,
2
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While the parameter o governs the skewness of the distribution, the
parameters v; and vy represent the thickness of the left and right tail,
respectively. Therefore, the function M separates out non-symmetry of the
distribution into skewness and the difference in the tail-thickness on each
side. The skewness parameter « of the asymmetric Student t distribution does
not suffice in explaining the difference in the tail-thickness of the distribution,
because it can be shown that the tails on each extreme still fade down at the
same rate with a# 0.5. So, irrespective of the value of «, we can
parameterize the different rates of decay in the left and right tails of the
asymmetric Student t distribution using the parameters v; and vg. Zhu and
Galbraith (2010) show that « # 0.5 can be derived from the symmetric Student
t distribution, with v; = vp.

Thiele (2020) applies the first-order dynamic conditional score procedure in
order to accommodate a time-varying volatility on the asymmetric Student t

distribution in equation (2). To that end, we characterize A, from the
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transformation function, o, = exp(?xt) to insure non-negative time-varying

standard deviation as the following dynamic equation:

AN =6+0N | tKrs 3)
. p [ ) 21nLtj 16 InZ, w
s, = Hu, = 4= ,
t t%t t—1 a }\.? a >\'t
0 InZ,
where u, = FEN denotes the contribution of the time-varying volatility to
t

the log-likelihood function, and #, = is the inverse of the

2°InL,
el
t

information matrix to rescale the innovations. u, and H, can be expressed

as follows:

L(%M ’

e
2a 0,

14
(v +1) L

v , (5)

)

(vp+1 -1 Yy, > -

1'5‘L
VR
VL+3

2v;
Y = K

2up

The equation (5) specifies how the squared deviations from the mean,

have an impact on the volatility. The structure of equation (5)

*

yr—
200 0y

shows that the thinner the tails of the distribution(v,, v get bigger), the bigger
the u, in equation (5) and s, in equation (4), respectively. So, when the tails of

the distribution are very thin, the occurrence of the extreme value of y, is very
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rare and gets bigger weight in calculating the time-varying volatility in the
next period.

The volatility dynamics in equation (3) can accommodate leverage effects by

adding the term, s sign(—y,_,)(s,_,+1),x > 0 in equation (7):
N :8+(b7\t,1+K5t,1+K*sign(—yt,1)(st,1+1), 7)

where x> 0. So, when there is a negative return in period t-1 (i.e.
y;—1 < 0), the time-varying volatility gets bigger in period t. Equations (1) - (7)
completes the asymmetric Student t distribution dynamic conditional score

model with leverage effect.

lll. Estimation

1. Data

The data for Korea (Korea Composite Stock Price Index, KOSPI), U.S. (S&P 500
Index, S&P 500), Hong Kong (Hang Seng Index, HIS), UK (Financial Times Stock
Exchange 100, FTSE 100), China (Shanghai Composite Index, SCI), and Japan
(Nikkei 225, NK225) are collected. The daily stock market index return data
consists of 2,998 observations and the data spans from January 4, 2007 to July 9,
2021. According to Table 1, all indices returns are leptokurtic, and the five

market indices except for the Hang Seng Index returns are negatively skewed.
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(Table 1) Descriptive Statistics

min 1st quantile median 3rd quantile max
KOSPI -11.64 -0.54 0.07 0.68 11.24
S&P 500 -13.47 -0.42 0.08 0.63 10.33
Hang Seng -14.70 -0.71 0.04 0.80 16.80
FTSE 100 -10.14 -0.56 0.03 0.63 10.46
Shanghai -12.83 -0.72 0.05 0.80 14.19
Nikkei 225 -12.92 -0.71 0.06 0.85 13.23
mean Standard dev. skewness kurtosis
KOSPI 0.03 1.39 -0.59 13.40
S&P 500 0.04 1.42 -0.75 16.20
Hang Seng 0.01 1.68 0.15 15.79
FTSE 100 0.00 1.32 -0.17 12.17
Shanghai 0.01 1.80 -0.47 9.48
Nikkei 225 0.02 1.67 -0.61 11.76

Note: The data for Korea (Korea Composite Stock Price Index, KOSPI), U.S. (S&P 500 Index,
S&P 500), Hong Kong (Hang Seng Index, HSI), UK (Financial Times Stock Exchange
100, FTSE 100), China (Shanghai Composite Index, SCI), and Japan (Nikkei 225,
NK225) are used for the descriptive statistics. The daily stock market index data
consists of 2,998 observations and the data spans from January 4, 2007 to July 9, 2021.
According to Table 1, all indices’ returns are leptokurtic, and the five market indices
except for the Hang Seng Index returns are negatively skewed.

The conjecture that negative shocks induce more volatility than positive shocks
can be substantiated by the parameter estimates of the EGARCH model. From the
L E—i| TV€—i | &

EGARCH model of the form h, = a, + Z%%JF Eb‘jht, j» where

i=1 t—i =1

h, =logo?, the leverage effect coefficient v, is estimated at -0.366 with the
p-value of 0.000 for the KOSPL. For other indices, the leverage effect coefficient
v; is estimated at -0.722 (p-value=0.000), -0.402 (0.000), -0.999 (0.000), -0.011
(0.690), and -0.556 (0.000) for the S&P 500, Hang Seng Index, FTSE 100,
Shanghai Composite Index, and the Nikkei 225, respectively. Except for the

Shanghai Composite Index returns, the leverage effects are prevalent in the

global stock market index returns.
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2. Tail Asymmetry

We report the parameter estimates of the four models, the asymmetric
Student t dynamic conditional score, asymmetric t dynamic conditional score,
skewed t dynamic conditional score, and t dynamic conditional score models
with the leverage effect in Table 2. We use the maximum likelihood procedure
and the Newton-Raphson algorithm for the numerical maximization of the
Hessian matrix in computing the covariance matrix of the model parameters.
The log-likelihood values (InZ) are reported in the last column, and the
standard errors for the parameter estimates are in parentheses. Using t-statistics
from the parameter estimates of ¥ and the standard errors in parentheses

reported in Table 2, the null hypotheses of no leverage effect (x* = 0) in the

conditional volatility are rejected at a 1% level of significance for the
asymmetric Student t, asymmetric t, skewed t, and the t distribution models
except for the SCI. It is apparent that the conditional volatilities are highly
persistent from the parameter estimate ¢ in equation (3) for all six indices and
the autocorrelation functions in Figure 1. Table 3 reports the Bayesian
information criterion for the asymmetric Student t, asymmetric t, skewed t, and
t models using the six indices. For the five market indices, the Bayesian
information criteria are minimized when the asymmetric Student t distributions
are used. The BIC for the Hang Seng Index is minimized with the skewed t
distribution, however, the BICs are almost identical for the asymmetric Student t
and the skewed t distributions. The parameter estimates of « from the
asymmetric Student t model are reported in Table 2. The parameter estimates of
« for the KOSPI and SCI are 0.5, and those for the S&P 500, HSI, FTSE 100, and
the NK225 are close to 0.5. For all indices, removing skewness is evidenced

from the statistically significant parameter estimates of o = 0.5.
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Judging from the parameter estimates of v; and v, all market indices
returns have thicker left tails and thinner right tails than the normal. From the
estimation results, we can conclude that the asymmetric Student t distribution
is capable of controlling for different thickness between the left and right tail.
Since the skewed t and the t distributions are assumed to have the symmetric

tails, on the other hand, those two models are mis-specified.

(Table 2) Model Estimation Results

*

KOSPI § o K a K vy Vp M InL
Asymmetric| -0.001 0.991 0.053 0.500 0.026 3.577 9.011 0.062 4426
Student t |(0.001) (0.003) (0.006) (0.013) (0.004) (0.431) (1.279) (0.032) °
Asymmetric| -0.002  0.988  0.057 ) 0.027 3.612 889 0053 ,

t (0.001) (0.004) (0.007) (0.004) (0.352) (0.604) (0.004)
-0.003 0.989 0.057 0.536 0.029 5.126 ) 0.127
Skewed t | (5 001) (0.004) (0.007) (0.011) (0.005) (0.498) 0027 %84
(0.001) (0.002) (0.007) 0.004) (2.227) (0.0100

S&P 500 & ) K a K v Vp m InL
Asymmetric| -0.009 0.971 0.085 0.515 0.075 3.541 9501 0.108 4125
Student t |(0.003) (0.005) (0.009) (0.012) (0.006) (0.321) (2.104) (0.023)
Asymmetric| -0.008 0.968  0.085 ) 0.074 3.377 10.814 0.082 4134

t (0.003) (0.004) (0.009) (0.006) (0.279) (0.848) (0.013)
Skewed ¢ | 70011 0973 0.085 0.541 0.076 4.782 _ 0.145 4112
(0.003) (0.005) (0.008) (0.010) (0.007) (0.403) 0.021)
. -0.012 0.967 0.085 . 0.075 4.504 . 0.078 11y
(0.003) (0.005) (0.008) 0.007) (0.357) (0.013) ~

HSI § ) K a K" vy Vp m InL
Asymmetric| 0.001 098 0.051 0515 0.025 5.033 6.618 0.084 5114
Student t |(0.001) (0.004) (0.007) (0.014) (0.004) (0.694) (1.128) (0.042) =
Asymmetric| 0.001 0.985 0.051 B 0.025 4.673 7.204 0.050 5115

t (0.001) (0.004) (0.007 (0.004) (0.545) (0.418) (0.021) =
Skewed ¢ | 0001 0987 0051 0.528 0.026  5.682 . 0.123 5115
ewed T 0.001) (0.004) (0.007) (0.011) (0.005) (0.587) 0.036) >
. 0.001 0.985 0.059 ) 0.025 5.607 _ 0.044 5118
(0.001) (0.004) (0.007) (0.005) (0.571) 0.021) =




Analysis on Asymmetric Tail Dependence of Portfolio Returns m

FTSE 100 | 6 ) K a K vy Vp m InL

Asymmetric| -0.003 0.983 0.047 0.506 0.054 4.386 8.740 0.033 4326
Student t |(0.002) (0.004) (0.007) (0.014) (0.005) (0.522) (1.893) (0.032)

Asymmetric| -0.003 0.982  0.047 _ 0.054 4.271 9.084 0.025 4327
t (0.002) (0.004) (0.007) (0.005) (0.443) (0.637) (0.015) =

Skewed ¢ | 70-005 0.986 0.047 0.535 0.055 5.608 . 0.092 4330
ewed T 0.001) (0.004) (0.007) (0.010) (0.005) (0.548) ©0.026) *

. -0.005 0.981 0.046 . 0.054 5.503 B 0.020 336
(0.002) (0.004) (0.007) (0.005) (0.5206) (0.015

scl § ) K a K vy Vp M InL

Asymmetric| 0.001 0.999 0.049 0.500 0.002 3.441 4.617 0.040 5291
Student t |(0.001) (0.001) (0.005) (0.013) (0.003) (0.398) (0.588) (0.035) ~°

Asymmetric| 0.001 0.999 0.049 _ 0.003 3.447 4.617 0.039 5,291

t (0.001) (0.001) (0.006) (0.003) (0.358) (0.198) (0.000)

Skewed ¢ | 0001 0.999 0.049 0.512 0.002 3.929 . 0.068 5203
(0.002) (0.004) (0.007) (0.010) (0.004) (0.309) 0.029)

. 0.001 0.999 0.049 . 0.002  3.906 . 0.040 5204
(0.002) (0.004) (0.007) (0.004) (0.302) 0.019) =

NK225 & ) K a K vy Vp m InL

Asymmetric| 0.005 0.962 0.076 0.512 0.052 4.895 8.830 0.085 5165
Student t |(0.003) (0.007) (0.008) (0.014) (0.006) (0.608) (1.904) (0.047) ~

Asymmetric| 0.005 0.962 0.075 _ 0.051 4.666 9.726 0.055 5.165
t (0.003) (0.008) (0.009) (0.006) (0.515) (0.738) (0.021) ~

Skewed ¢ | 0-003 0.964 0.077 0.530 0.052 6.119 . 0.131 5169
(0.002) (0.008) (0.009) (0.011) (0.006) (0.655) 0.037)

. 0.004 0962 0.074 . 0.051 5.919 ) 0.046 5.173
(0.002) (0.008) (0.009) (0.006) (0.608) (0.021) ~

Note: We report the parameter estimates of the four models with leverage effect and the

log-likelihood values (InZ) in the table. The standard errors are in parentheses. As
reported in the sixth column, the null hypothesis of no leverage effect (x° =0) in the
conditional volatility is rejected at a 1% level of significance for all models except for
the SCI. To reflect the persistency and leverage effect of the conditional volatility, we
estimate the asymmetric Student t, asymmetric t, skewed t, and the t distribution
models. The parameter estimates of @ for the KOSPI and SCI are 0.5, and those for
the S&P 500, HSI, FTSE 100, and the NK225 are close to 0.5. For all indices, removing
skewness is evidenced from the statistically significant parameter estimates of a=0.5.
As the parameter estimates of v, and v, show, all market indices returns have thicker
left tails and thinner right tails than the normal. The estimation results in the table
show that the asymmetric Student t distribution is capable of controlling for different
thickness between the left and right tail.
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(Figure 1) Autocorrelation Functions of Squared Index Returns

Series : kospit2 Series : sp50072
e B
S 8O U U U MU U U U A S W O O U O O O O O ST
o 2 a 6 s 10 12 o 2 a 6 8 10 12
Lag Lag
Series : hsi*2 Series : ftse”2
ég é;’
< T A R Lol L] < \\\H\,\MH\
o 2 4 6 e 10 12 o 2 a 6 8 10 12
Lag Lag
Series : sci®2 Series : Nk22572

ACF
00 04 08

ACF
00 04 08

Lag Lag

Note: The squared returns for the six market indices exhibit significant autocorrelation. This
indicates that the conditional volatilities are persistent. It is apparent that the

conditional volatilities are highly persistent from the parameter estimate ¢ for all six
indices reported in Table 2 and the autocorrelation functions in the above figures.

(Table 3) Model Selection Criterion

KOSPI S&P HSI FTSE SCI NK225
Asymmetric Student t | 8,916.3 | 8,286.6 | 10,293 | 8,716.6 | 10,647 | 10,396
Asymmetric t 8,907.4 | 8,278.1 | 10,287 | 8,709.0 | 10,639 | 10,388
Skewed t 8,924.3 | 8,306.9 | 10,286 | 8,716.1 | 10,642 | 10,395

t 9,247.2 | 8,961.5 | 10,571 | 9,024.2 | 10,931 -

Note: The table reports the Bayesian information criterion for the asymmetric Student t
dynamic conditional score, asymmetric t, skewed t, and t models using the six market
indices. The tail asymmetries of the data are best captured by the asymmetric t model
except for the Hong Kong Hang Seng Index. For the five market indices, removing

skewness is evidenced from the statistically significant parameter estimates of o = 0.5.

Figure 2 shows qg-plots for the standardized residuals from the skewed t
dynamic conditional score and asymmetric Student t dynamic conditional score
models against a reference distribution with symmetric tails. Most of the qg-plots
from the asymmetric Student t dynamic conditional score model do not deviate
much from a reference distribution. However, the qg-plot from the asymmetric
Student t dynamic conditional score model for the Shanghai Composite Index
returns suggests that the tails of the asymmetric Student t dynamic conditional

score model are still fatter than the tails of the symmetric-tailed distribution.
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Note: The figure shows qq-plots for the standardized residuals from the estimated skewed t
dynamic conditional score and asymmetric Student t dynamic conditional score models
against a reference distribution with symmetric tails. For each index, the upper panel shows
the qq-plots of the standardized residuals from the estimated skewed t dynamic conditional
score model and the lower panel graphs the qg-plots of the standardized residuals from the
estimated asymmetric Student t model. The qg-plot from the asymmetric Student t dynamic
conditional score model for the Shanghai Composite Index returns suggests that the tails of
the asymmetric Student t dynamic conditional score model are still fatter than the tails of
the symmetric-tailed distribution. For other indices, the qg-plots prove that the asymmetric
Student t dynamic conditional score model estimation addresses the fat-tailed issues.
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3. Risk Measures

In this section, we analyze the impact of tail shape on the risk measures. If
the tails of the marginal distributions of the market index returns are thicker
than normal, we would underestimate the risk measures by assuming that the
marginal distributions are normally distributed. We use the generalized Pareto
distribution, GPD henceforth, as the fully parametric model for the tails of the
marginal distribution.

Let X;,X,,.. be independently identically distributed losses with an
unknown CDF F. Then, the conditional probability of the excesses over a
threshold v can be expressed as follows:

(y+u)— Flu)

EF (y)=Pr{iX—u< ylX>u}l= £ 1= Fa)

y>0

Embrechts et al. (1997) show that the generalized Pareto distribution is the close

approximation to the above excess distribution with a positive function 3(u).

1—(1—|—ﬁ€(‘z))2 for &£€# 0 |

1—exp|—

G&ﬁ(u)(y): B(u)>0

ﬁ%ly)) for £€=0

defined for y > 0 when €2 0 and0< y< B(u)¢ when £ <0.

The most daunting task in the maximum likelihood estimation of the GPD
model is to choose the optimal threshold value where the marginal
distribution starts to fade out to the tail area. Goldie and Smith (1987) and Hall
(1990), Danielsson and de Vries (1998), Danielsson et al. (2001) choose the
optimal threshold value by using a subsample bootstrap procedure.

To show how tail thickness affects the risk measure estimation, however, the

sample mean excess function plot due to McNeil and Saladin (1997), McNeil
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and Frey (2000) and Zivot and Wang (2006) would be sufficient. The bias and
the efficiency involved in the estimation of the GPD model are dependent on
the number of observations pertained to the tail area and the center of the
marginal distribution. There is no clear-cut solution to this problem.

We choose 0.9% and -0.9% as the upper tail and right tail area threshold
values and estimate the GPD marginals based on the excesses over threshold
values. For the KOSPI, we use 18.26% of the 2,995 observations with the
threshold value of 0.9% to estimate the upper tail parameter estimates of the
GPD model. Also, we use 16.76% of the observations with the threshold value
of -0.9% to estimate the lower tail parameter estimates of the GPD model. The
tail shape parameters on both sides with the KOSPI and S&P 500 are reported
in Tables 4 and 5. For the other four indices, we do not report the estimation

results to save space, however, the results are available upon request.

(Table 4) GPD Model Estimation with the KOSPI

Upper Tail Estimate with the Threshold at 0.9% (18.26% of observations)

Value Standard Error t-ratio
0.196 0.049 4.02
0.709 0.046 15.54
Lower Tail Estimate with the Threshold at =0.9% (16.76% of observations)
Value Standard Error t-ratio
0.224 0.055 4.06
0.854 0.060 14.23

Note: The GPD model estimation results are reported in the table. We choose 0.9% and
-0.9% as the upper tail and right tail area threshold values and estimate the GPD
marginals based on the excesses over threshold values. For the KOSPI, we use 18.26%
of the 2,995 observations with the threshold value of 0.9% to estimate the upper tail
parameter estimates of the GPD model. Also, we use 16.76% of the observations with
the threshold value of -0.9% to estimate the lower tail parameter estimates of the GPD
model. The tail shape parameters on both sides with the KOSPI are reported in the
table. For the other four indices, we do not report the estimation results to save
space, however, the results are available upon request.
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(Table 5) GPD Model Estimation with the S&P 500
Upper Tail Estimate with the Threshold at 0.9% (17.23% of the data)

Value Standard Error t-ratio
0.317 0.058 5.44
0.636 0.046 13.94
Lower Tail Estimate with the Threshold at -0.9% (14.89% of the data)
Value Standard Error t-ratio
0.182 0.054 3.38
1.010 0.072 14.03

Note: The GPD model estimation results are reported in the table. ut solution to this
problem. We choose the same threshold values as the KOSPI. For the S&P 500, we use
17.23% of the 2,995 observations to estimate the upper tail parameter estimates of
the GPD model. Also, we use 14.89% of the observations to estimate the lower tail
parameter estimates of the GPD model. The tail shape parameters on both sides with
the S&P 500 are shown. For the other four indices, we do not report the estimation
results to save space, however, the results are available from the author upon request.

From the statistically significant positive estimates of the tail shape
parameter &, we can determine that the left tails and right tails of the KOSPI
and S&P 500 have fat-tailed distributions. The tail shape parameters ¢ for the

HSI are 0.16 (t-ratio 4.17) and 0.11 (17.51), for the FTSE 100 are 0.24 (4.44)

and 0.13 (2.58), for the SCI are 0.06 (1.63) and 1.13 (18.90), and for the NK225

are 0.09 (2.45) and 0.15 (3.55). Therefore, except for the upper tail of the SCI,
we can conclude that the upper tails and lower tails of the six market indices
returns have fat tails on both sides of the marginal distributions.

We consider fifteen pairs of one-period investment in two market indices.

For each portfolio with expected return R and the joint distribution function

Fp, we define two risk measures VaR and ES for a given level of loss:

VaR,= F}(R) ®
ES,=E[— R— R>VaR,] ©

We generate random simulations from the joint distribution function # and
calculate numerical approximations to the VaR and E£S. The KOSPI daily
returns are distributed to the GPD as shown in Table 4 and the S&P 500 daily
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returns are distributed to the GPD in Table 5. We use the Clayton copula with

1

the correlation parameter 6, Clu,v;0)= [w %40 %=1] ° where 0> 0 that
1

reflects the asymmetric lower tail dependence parameter T = 2 9 and the
upper tail dependence parameter 17 = 0. We also use the Frank copula which
does not exhibit lower or upper tail dependence. The rationale behind the
choice of the Clayton copula lies in the tail asymmetry, while the Frank copula
and Gaussian copula (for the case of correlation coefficient { 1) do not exhibit
lower or upper tail dependence. In spite of the dependence structure between
the marginal distributions of copulas, the Gaussian copula is the most
generally used copula. We analyze the impact of the dependence structures of
copulas on the risk measures using the Clayton, Gaussian, and Frank copula.
According to Table 6, the portfolio that invests 50% of wealth in KOSPI and
50% in S&P 500 could make -1.25% loss or more in one trading day with 5%
probability. If that event occurs, then, the expected loss could be as low as
-2.14%. When ¢=0.99, the VaR and ES are calculated as -2.62% and -3.84%.
To compare this result with symmetric tail dependence, we use the normal
copula. For a given level of loss ¢=0.95, the VaR and ES are calculated as
-1.16% and -1.82%. That is, the portfolio that invests 50% of wealth in KOSPI
and 50% in S&P 500 could make -1.16% loss or more in one trading day with
5% probability. If the event occurs, then, the expected loss could be as low as
-1.82%. When ¢ = 0.99, the VaR and ES are calculated as -2.22% and -2.98%.
Table 6 also shows numerical approximation to the VaR and ES when the
portfolios are composed of a pair of market indices. For a given level of loss
q=0.95, the VaR ranges from -1.25% to -1.44%, and the ES ranges from -
2.54% to -2.91% when the Clayton copula is used to describe the dependence
structure of the portfolio returns. The important fact that we can read off

from the table is that the risk measures are underestimated when we assume
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that the dependence structures of the portfolios are characterized by the
Frank copula. The Frank copula assumes no lower or upper tail dependence.
The Gaussian copula also tends to underestimate the risk measures compared
to the Clayton copula. It should be noted from this simulation that modeling
the dependence structures of the multivariate portfolio returns is important in

evaluating and managing risk.

(Table 6) VaR and ES by Simulation with the GPD Margins and the
Parametric Copulas

TaR ES
KOPSI and S&P 500 95% 99% 95% 99%
Gaussian -1.16 -2.22 -1.82 -2.98
Frank -1.13 -2.02 -1.69 -2.65
Clayton -1.25 -2.62 -2.14 -3.84
VaR ES
KOSPI and HSI 95% 99% 95% 99%
Gaussian -1.32 -2.38 -2.01 -3.19
Frank -1.13 -2.02 -1.69 -2.65
Clayton -1.42 -2.84 -2.34 -4.05
TaR ES
KOSPI and FTSE 100 95% 99% 9% 99%
Gaussian -1.21 -2.20 -1.83 -2.92
Frank -1.17 -2.01 -1.70 -2.60
Clayton -1.27 -2.54 -2.10 -3.65
VaR ES
KOSPI and SCI 95% 99% 95% 99%
Gaussian -1.36 -2.48 -2.07 -3.33
Frank -1.31 -2.28 -1.93 -3.00
Clayton -1.44 -2.91 -2.42 -4.30
TaR ES
KOSPI and NK225 0% 9% % 9%
Gaussian -1.33 -2.37 -2.00 -3.17
Frank -1.30 -2.22 -1.89 -2.88
Clayton -1.43 -2.82 -2.36 -4.13

Note: We use the Clayton copula and the Frank copula along with the GPD estimation results
in Tables 4 and 5 to approximate the VaR and ES. The risk measures with the
Gaussian, Frank, and the Clayton copula are reported in each panel. The risk
measures are underestimated when we assume that the dependence structures of the
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portfolios are characterized by the Gaussian copula or the Frank copula. The Frank
copula assumes no lower or upper tail dependence. The Gaussian copula also tends to
underestimate the risk measures compared to the Clayton copula. Each panel presents
the simulation results from the portfolio which consists of a pair of market index, that
is, KOSPI and S&P 500, KOSPI and HIS, KOSPI and FTSE 100, KOSPI and SCI, and
KOSPI and NK225, respectively. For the rest of the ten pairs of portfolios, we do not
present the results to save space.

4. Portfolio Performance Evaluation

The aim in this section is to measure the rate of return differentials that
investors can increase by taking the alternative optimal portfolio choice that
takes asymmetries and/or skewness of the distribution into account. That is,
we quantify the difference in the rate of returns from characterizing the
asymmetric tail dependence of the bivariate market index portfolio returns.
To the best of our knowledge, Thiele (2020) suggests evaluating the rate of
return gains from selecting a portfolio that takes asymmetric tail dependence
into account for the first time. Following Thiele’s procedure, we generate the
realized returns of the optimal portfolios from the asymmetric tail dependence
models and the skewed t models and calculate the rate of return differentials
between the two models. The estimation window consists of 1,000 trading days
and moves forward by five days in each step of the procedure. We repeat the
simulations 100,000 times. The investor can choose the optimal portfolios that
maximize the expected utility. The optimal portfolios are chosen from the
four combinations of strategies. That is, the marginal distributions for
individual index returns are assumed to be distributed to the asymmetric
Student t and the asymmetric t. The dependence structures of the portfolios
are selected from the Frank copula and the Clayton copula. The rate of return
differentials are calculated against the skewed t.

The positive rate of return differentials reported in Tables from 7 to 10

mean that the returns of the optimal portfolios of the asymmetric Student t
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marginals or the asymmetric t marginals coupled with the Frank copula or the
Clayton copula are higher than the returns of the optimal portfolios of the
skewed t marginals combined with the Frank copula or the Clayton copula.
The statistics in boldface are statistically significant at a 10% significance level.
According to Tables from 7 to 10, the returns of the optimal portfolios from
the asymmetric Student t or the asymmetric t marginals are higher than the
returns of the optimal portfolios from the skewed t marginals in most cases
irrespective of the copula distribution. In twelve cases out of fifteen from
Table 7, for example, the rate of return differentials are positive. However, the
positive rate of return differentials are statistically significant only in two cases
with boldface numbers. On the other hand, the positive rate of return
differentials reported in Table 8 mean that the returns of the optimal
portfolios of the asymmetric t marginals and the Frank copula are higher than
the returns of the optimal portfolios of the skewed t marginals and the Frank
copula. The statistics in boldface are statistically significant at a 10%
significance level. In twelve cases, the rate of return differentials are positive.
In seven cases with boldface numbers, the positive rate of return differentials
are statistically significant. From Table 10, we find four cases of negative rate
differentials. The negative rate differentials in Table 10 show that the returns
of the optimal portfolios from the asymmetric t marginals and the Clayton
copula are lower than the returns of the optimal portfolios from the skewed t
marginals and the Clayton copula. However, the negative rate differentials are
insignificant. For the rest eleven cases, the returns of the optimal portfolios
from the asymmetric t marginals and the Clayton copula are higher than the
returns of the optimal portfolios from the skewed t marginals and the Clayton
copula. Furthermore, five out of eleven cases, the rate of return differentials

are significantly positive. From the empirical results reported in Tables 7-10,
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we can conclude that characterizing the asymmetric dependence in the
process of modeling the marginal distributions and the copula functions seems
to have a positive impact on the performance of the optimal portfolio. The
positive impacts on the performance of the optimal portfolios are conspicuous
when we employ the asymmetric t in characterizing tail asymmetry. This
finding is in line with the model selection results in Table 3. We find that the
asymmetric t dynamic conditional score model best fits the KOSPI, S&P 500,
FTSE 100, SCI, and the NK225 based on the BIC. A word of caution is in order
with respect to the empirical results reported in Tables from 7 to 10. There are
not many instances that the returns of the optimal portfolios of the
asymmetric Student t marginals or the asymmetric t marginals are lower than
the returns of the optimal portfolios of the skewed t marginals. However, the
positive rate differentials are statistically significant only in seven and four

cases in Tables 8 and 10, respectively.

(Table 7) Asymmetric Student t vs. Skewed t with Frank Copula

S&P 500 HS| FTSE_100 SCl NK225

KoK oo 00 029 01 020
S&P 500 - (8:21) ((1):%) (gjgé) éi??)
HSI - - o) o9 05D
FTSE 100 - - - (é%) (_87935)
SCI - - N h (égg)

Note: We generate the realized returns of the optimal portfolios from the asymmetric
Student t distribution and the skewed t distribution and calculate the rate of return
differentials between the two models. The dependence structures of the portfolios are
selected from the Frank copula and the Clayton copula. The estimation window
consists of 1,000 trading days and moves forward by five days in each step of the
procedure. We repeat the simulations 100,000 times. The positive rate of return
differential reported in the table means that the returns of the optimal portfolios of
the asymmetric Student t marginals and the Frank copula are higher than the returns
of the optimal portfolios of the skewed t marginals and the Frank copula. The
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statistics in boldface are statistically significant at a 10% significance level. In twelve
cases, the rate of return differentials are positive, however, only two cases with
boldface numbers, the positive rate of return differentials are statistically significant.

(Table 8) Asymmetric t vs. Skewed t with Frank Copula

S&P 500 HS FTSE 100 Tl NK225

6.97 .24 458 2.22 181

KOSPI (0.00) (0.85) 0.02) 0.18) 0.28)
1.07 2.64 6.55 2.59

S&P 500 - 0.24) (0.04) ©0.01) 0.07)
oS - - 131 3.35 ~0.54
0.22) 0.12) 0.59)

5.97 052

FTSE 100 - - - _ (060)
- - - - 146

SCI (0.06)

Note: The positive rate of return differentials reported in the table mean that the returns of
the optimal portfolios of the asymmetric t marginals and the Frank copula are higher
than the returns of the optimal portfolios of the skewed t marginals and the Frank
copula. The statistics in boldface are statistically significant at a 10% significance
level. In twelve cases, the rate of return differentials are positive. In seven cases with
boldface numbers, the positive rate of return differentials are statistically significant.

(Table 9) Asymmetric Student t vs. Skewed t with Clayton Copula

S&P 500 HSI FTSE 100 SCl NK225

2.59 -1.64 0.62 -0.25 0.43

KOs 0.05) 0.91) 0.36) 0.56) 0.38)
_ -0.17 0.09 3.49 1.29

S&P 500 (0.55) 0.47) (0.04) 0.14)
1| j j 0.58 0.57 -0.97
0.25) 0.35) (0.80)

0.28 -1.29

FTSE 100 - - - 0.46) 0.83)
. . _ _ 0.05

SCI 0.50)

Note: The positive rate of return differentials reported in the table mean that the returns of
the optimal portfolios of the asymmetric Student t marginals and the Clayton copula
are higher than the returns of the optimal portfolios of the skewed t marginals and the
Clayton copula. The statistics in boldface are statistically significant at a 10%
significance level. In ten cases, the rate of return differentials are positive. Only in two
cases with boldface numbers, however, the positive rate of return differentials are
statistically significant.
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S&P 500 HSI FTSE 100 SCl NK225

5.91 -1.63 3.05 1.78 -0.07

KOSPI 0.00) 0.88) (0.05) (0.19) (0.50)
_ 0.55 0.31 7.01 1.24

S&P 500 (0.33) (0.40) (0.00) 0.22)
1St . . 0.55 1.84 -1.66
0.33) 0.18) 0.82)

B B B 3.46 -0.75

FTSE 100 017 0.65)
_ _ B _ 3.10

SCl (0.09)

Note: The positive rate of return differentials reported in the table mean that the returns of
the optimal portfolios of the asymmetric t marginals and the Clayton copula are
higher than the returns of the optimal portfolios of the skewed t marginals and the
Clayton copula. The statistics in boldface are statistically significant at a 10%
significance level. In eleven cases, the rate of return differentials are positive. In four
cases with boldface numbers, the positive rate of return differentials are statistically
significant.

IV. Concluding Remarks

In this paper, we use the generalized Pareto distribution and the copula
distributions to analyze the impact of asymmetric tail dependence and
fat-tailed behavior on the risk measures. We also quantify the difference in
the rate of returns between the optimal portfolios generated by the
asymmetric Student t distribution and the asymmetric t distribution against the
skewed t distribution. The Clayton copula and the Frank copula which exhibit
only lower tail dependence and no tail dependence respectively are employed.

We consider fifteen pairs of one-period investment in two market indices.
We generate random simulations from the joint distribution function and
calculate numerical approximations to the VaR and ES. Simulation results
show that the risk measures with symmetric tail dependence underestimate

those with asymmetric tail dependence. For the KOSPI returns at a given level
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of loss ¢=0.95, the VaR and ES with symmetric tail dependence
underestimate risk by 7.2% and 15.0%, respectively.

We also quantify the rate of return differentials that investors can get by
taking the asymmetries and/or skewness into account in portfolio selection.
We generate realized returns of the optimal portfolios and calculate the
difference in the rate of returns of the competing portfolios. The optimal
portfolios are chosen under the assumption that marginal distributions for
individual index returns are assumed to be distributed to the asymmetric
Student t and asymmetric t. The dependence structures of the portfolios are
selected from the Frank copula and the Clayton copula. The rate of return
differentials are calculated against the optimal portfolio based on the skewed t
marginal distribution. The returns of the optimal portfolios from the
asymmetric Student t marginals (twelve cases in Table 8) or the asymmetric t
marginals (eleven cases in Table 10) are higher than the returns of the optimal
portfolios from the skewed t marginals irrespective of the copula distribution.
There are not many instances (less than five cases at the maximum in each
Table) that the returns of the optimal portfolios of the asymmetric Student t
marginals or the asymmetric t marginals are lower than the returns of the
optimal portfolios of the skewed t marginals. However, the positive rate of
return differentials are statistically significant only in seven and four cases in
Tables 8 and 10, respectively. It can be important to include the asymmetric
tail dependence in the process of characterizing the marginal distributions of
asset returns to improve the performance of the optimal portfolio, however, a

caution needs to be exercised due to statistical significance.
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SAEHT ARBAITT) Hejslo] AR o RPAZRE 285k= AL Uil

EA717ke 2 HFATAE =HAI7IR] 2005ERE AlFsie] 2019d71R]olH, &
AR ARSA], AZ=FA], US4, SREEAGEAE, S2Hslo| =AY,

SHAE & 65 5CE IR, o8t FAATE desto] FAAMIS] Aok
= 24,

B ATo] 1AL o 2k Aol LDIAERS 71eks] Aviskal thget RPA
Zko] o] 24 w4 L Al AFE A Ect A3FNE YolFHAIE FElshe 5719
ApAHEERS Aol vl BARh npx|eko 2 Aol AnE QoFelal T AR
I} 3 A-] FHAI | el A3t

I, S

£ A9 532 DB A7 AHik-gollA JoiF glAaE]eldere] Aads A
B350 9it}. S2)= 9 AATLEA DA ATl El(RP) A, RPE &-831
LDIZERS A2 Al 2t

2) MVP = Minimum Variance Portfolio, ®%5/3& FAslol= ZEZEQ

3) MDP = Maximum Diversification Portfolio, BAFEIE H3lsl= ZEED|Q
4) Mg T WsdS Y viEshs ZEERL

5) TS Z8slo] MEdS HEske REZR
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LDI®| HE7} E= ALMZ 197098 28Hs S40& desto] 1980d o=
A7Igoll FEE]UT 271 AIMS AHih} BAE v Al7 = 254 oM 85131
A9t 200049 golEol Agd, A, ARt ol SAEHA RAAATA
(Liability Driven Investing: LDI)2] FEjZ H3lsl3ic}.

o|2{gt LDIAZRE At} B0 EUX|RI Jolad]Aas FadlstiA A=40=
FAFe 2olS FAohe Aol o] HlH HEAR]] AF-== Sharpe and
Tint(1990), Amenc, Matellini, Goltz, and Milhu(2010)& 933 &= 3lt}, Sharpe
and Tint(1990)= FAE dA-ok= A=l FASI-ZH H(Liability Hedging Credit)
9] dE A EYsioirt. I52 FAslda g H o] Akt o] F54k 7159 A9
HIETE 4o] JHTAE Holal AREAR] 91 Aot 29] JHTAE Eol7] o
ol 71948 FH3SY] F24E& Aottt o]F Amenc, Matellini, Goltz, and
Milhu(2010)= LDIAERE -2l 5+t XEEH Q0} FAujA] ZEE Q9] 230 = Q14
Skl o5 A Skol= WS o224 02 AN, I52 75 ZEEY = A
x|l B EET] Q= FASA Ak, ARGAR] fId 3] A A7 7
tze]l LDI ZEEH 7} 75wttt 2l )7} Qletal 51Tt

Tha 0 & RPAZ0] 3t Al= 20050l H-5-2(5LH1S) RPAZ0] FHEHA A2
=T, ol A4 Risk Budget) 7HdS Eiste] A58 0= 2|ATE viEok=
Alojg}il & 4= 9t o] % Hojl= AE4 RPAZRS 74%H thafet RPA=RE ] AVl
Act. tHEHO=E TLopez de Prado(2016)= AR fARE AEE 43}
(clustering)sk= RPHHQI “AlS52] RPAZFS Aot ASEA 2yt 7129 MVPA
2, 254 RPAZEY ¥ e anyt S50t 202 Uelth 3HH Peters(2009)=
HE7do] AP aRgol wet Wtttk Aol &Rlsto] 1990~2008A7HA| 9] vl==Al A2
VIX(Volatility IndeX)2 1IHEd7H} AHE/d=HOE Liro] A8sh= “FHg
RPA" & ARtsIGirt. 41283 7129] 4] 60%, Ad 40%°] FAlH= ZESTQ Hr}
28l =2 AFER|4=0] S B YL} o]9of Raffinot(2018)= Lopez de Prado(2016)9]
TR0 HE2A RPHA Hrh 54 B4 S50 Hlso] #oMd 4= Sl BAIE 214
sk, olof tigt tieto g “AlEFH FAAYuE ZEZE| Q(Hierarchical Equal Risk
Contribution Portfolio; HERCO)ZE & AA[5to™ E3|, |2 ASHAEAS: 5
7HDoIA vl REEQ Wt At 0 & i} HoldZ Wt



Yz 2AF2|E

= w83t DBeietEnol apete usey RN

i

npREro 2 toRt R399 RPA] LDIMZeR 8T ry. IR AFE:=
Peters(2011), Qian(2012), 352 FEF(2015) 5= AT = Ut WA Peters(2011)
$01S S0l FAIE sl|Aloks F34%] LDl FARYH O R RPAHZRS E-85190tt. o]
sgmHolAE RISl woMAl AME == AdHEe] WolAls RP
Ao g2H 7129] A7l (Peters 2009)°l LDIE HESH AL} Qian(2012)2 AHR=
2 W0l A2 JoesvEee —_LEHQ}OPE efo s FHiA|(leverage) S B-87L

fr rlr

RPZIERS IDIXIZRC = ARISIAH. 1 452 F Y2015 =1 DBEIFAFAI=Cl
LDI® ‘ﬁ Yo ez W52 RPAUERe 28313t 452423} DI XE
E2 2= Bt 100% o] FgA<l 7‘4%31" om, A FellM HaxHued
80% oV FAIBITE 53] RPAIEo] 284 ojFt ZEZT|Q HIF0| HordaE 4

O
I

olF T3, LDI9| gt Zokz RPE &3t vt RHESo] AAEHAL a2

ASEAL 184 Jogeaa 4 REED 4= MVPA=E MDPARE & 271),
Yol ATl e 4 ZEEL QAZHHEH RPA, A54 RPA, W% RP

Ak, & 3 JoA=57He € W 121 APulE /A 59 TollA vlmgtt

A AR A=A, Ag=4], S, SREEASEAAClS AT
A o2t 3, SEEsto| YEA (RIS, ‘Slo|YEAH of2t B, AU 652 s}
A, A} 717 2005 EHE 20199714 & 15902 TEstglon, 7|25t
£ 717goto] AslehiA| R ASEAE AAlSIGT.

AL 9fol HA B AHRE, At AR EY, Jolg AREES 7HdskL ol A

23 57) AR 1 851l Hepd ApEA EHES wwalolch

p|

)
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2. 2M 1Y
7k 9172 SRR/ 201E A
1) RAHEEEY

g e SARAVIEY s E@ el o AkEEe dsgeiAT
(Projected Benefit Obligation; PBO)Z gttt 2+ |AIAE PBO= oF Al(1)of] <Jsf 4k
ZFIch o3} ZF ¥4r9] oA} 02 SIAAE & 18] FHAF 12 A AT TS ot

L(t) = Zlo(t:x)xPBOo(t:x) 6))
< 9 Bz+k+Bx+k+l

PBO(t: z) = E 2 XPy Xy 41 X 5
k=0

o714
Ly(t) 1 tSARE & ERFGOIRA(H, L, (¢ — 1)= Ly(t))
Iy(t:x) 1 tIAAE Z 2z Al ZEALQ] 71JARe] 4=
PBO,(t: z)  tIAAE 2 2z Al T2A2] PBO

b= ) BRIRA(G,E k7ol A8 F0A] 10W Al8)
k

WD, - o A9 FEAE A B9 AR 2E
Qo v o+ EA 222713 ojyjo] EEE SE(d, EE = 715 AR
B, iy, x+k Aol e] eFgE EAF (1 AeSE 1H9H)

NIAFAEEL BAFOI LES= FORITASE 1T Ag ST} HES 1
Ag3ton]

AEe
AR ARY S 60401k 200519 A A FA] 7HdAPE s, LR B AFL of
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(Table 1) Age, Service year and Salary Amount6)

Age 28 33 38 43
Active Members 1 1 1 1
Service year 0 5 10 15
Wage(KRW) 2,500,000 3,000,000 3,500,000 4,000,000

9] 7HS B9 AEE A9 2o == PBO ¥ 7 181 B
(Normal Cost; NC)2] AF=ZA= ol (Table 2)2} 2t}

(i

(Table 2) PBO and NC
(Unit: %, KRW)

Year Discount Wage growth PRO Ié'?:\:\l/':z NC
Rate Rate
Rate

2005 3.81 5.20 124,828,581 -3.95 11,544,295
2006 5.61 4.70 119,902,041 22.50 12,061,159
2007 5.04 4.80 146,877,837 9.14 13,434,643
2008 5.69 4.80 160,300,279 28.88 13,328,456
2009 4.24 490 206,587,580 -17.47 16,012,934
2010 5.39 1.70 170,503,952 45.38 11,811,640
2011 4.51 4.80 247,870,333 20.46 16,515,296
2012 3.78 5.10 298,592,816 13.11 18,790,763
2013 3.16 470 337,740,455 -0.48 19,993,532
2014 3.59 3.50 336,103,799 20.37 18,402,560
2015 2.61 4.10 404,584,768 9.89 21,210,502
2016 2.09 3.70 444,581,279 5.98 22,050,774
2017 2.09 3.30 471,158,138 7.38 22,016,888
2018 2.47 3.60 505,944,004 13.50 22,286,164
2019 1.96 420 574,249,565 7.71 24,295,240
2020 1.67 3.90 618,544,191

Notes: 1) The 10 year KTB(Korea Treasury Bond) yield is used for discount rate considering
expected service life in the model. Agreed wage growth rate at the company over 100
employees from Korea Statistical Information Services used for wage growth rate.

2) Projected Benefit Obligation(PBO) and Normal Cost(NC) are measured with
K-IFRS.

6) d¥¥E F5UHuniform population)”Fd2 LDIEEAS HAISoh= dEAQ Hx|ui=
FEOIHGFE-HEF 2015).
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A (1) = [+7, @] <[4, (&) + G )] = B, (1)

o7,
Ay(t)  tFAAE 2 HYAK, 4, (t—1) = 4,(t))
Ay (t)  tIAAE I AR
Gy (t) : tIARE 2 FPE EEFEFHNO)
B (t) : tSAAE I EJRFo] AFH

r, (t) D tSAAE 717ke] BXelE

@

EATES QL ANFFA, AFFRA, TR, AT, soldeA, 2
PRI 5 65 AL THUTHORY (Table 3) R, o714 7|dhrolEat W54

(@EREDE 2GR 7Hge) 71t S U 200520198711
s APt E 4ZEAY thiel S HE9] LDIY 532 g
7NZARE AL B9 $7He HVUAS 754 (Table 494 2t

(Table 3) Empirical Investment Returns

APl U

Aap| Pk

(Unit: %)
Index Return  Volatility

Developed Equity(DE) MSCI World USD Index 6.18 12.13
Emerging Equity(EE) MSCI Emerging Market Index 8.33 24.53
Korea Equity(KE) KOSPI Index 8.88 24.59
Investment Grade Bond(IGB)  Barclays Global Aggregate Index  4.39 11.55
High Yield Bond(HYB) Barclays Global High Yield Index  8.54 12.30
Korea Bond(KB) KIS Composite Index 4.43 2.61
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(Table 4) Correlation of Assets and Liability

DE EE KE IGB HYB KB Liability

DE 1.00

EE 0.68 1.00

KE 0.57 0.90 1.00

IGB -0.56 -0.47 -0.57 1.00
HYB 0.51 0.68 0.50 -0.14 1.00

KB -0.44 -0.23 -0.29 0.61 0.09 1.00

Liability -0.52 -0.56 -0.55 -0.37 -0.50 0.47 1.00

thZO & (Table 3)9] 7It2lES 21(2)2] ARGl thdsto] FA RS2
AFofApt S7He2 b ol (Table 5)9F 2.

(Table 5) Asset Growth Rates

(Unit: %)
DE EE KE IGB HYB KB
Average 13.21 14.48 14.64 11.18 14.55 10.98
Volatility 13.17 27.14 27.51 12.89 13.89 3.31

3) YoIZ=H

£ dolMe JoieS HAFoA i B2 Fo A2 Aoz Aefsti o, 7] 4
(1), @)l 23f Jodg=2 oF=H 4(3)3 &t

Sy(t) = Ay(t)— Ly (t) 3)
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ol71M R, ()= nAo] EXA A0 2 AT LEZR] Q9] 97} ExG0lE-S on|3t
CHAEARARS] BRI EL R (1), FAHHIEL w,olTh).

7ol FETHE ElR(t)] 2 8B4 o° [Ry ()] off 4l(5)2h 2.

ElRg(t)l = ElR,(t)] — ElR, ()] = _Zn]E[Ri O)w; — EIR,(M)] ()

n

ol [RS(t)] = 2 wfoQ( t)+2 Ew )—Zwiau(t)]
o]71A,

ER, ()] : 71 8EA4 S7He

ER, (1)) : 71=23o 24 571

E[R(t)] : iBAAA 571

)
0% () : EHAFARA) Z7180] B
) 1 A&} ]X}/K} Z718.0] THA
%<t> ARk} B2 Fol R Z7Hgo) BEAk

2

th2-0 & 982 JodF8] AT (Risk Adjusted Surplus Risk; RASR)E o= 4(6)T}
Zo] H2J3HCheong and Sung 2018 F=).

©)

o1& 2005~2019919] 43 A==2 2|75k ol (Table 6)2+ At

7) AP 7 eiEs7RE A JoES7ee] FHeE, 7 JolaHEde A=l
Yolg57HeS BEEAR FRIth
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(Table 6) Surplus Growth Rate and RASR

(Unit: %)
DE EE KE IGB HYB KB
Average 1.05 2.32 2.48 -0.98 2.39 -1.18
Volatility 24.33 37.40 37.62 15.53 24.74 13.44
RASR®) 4.33 6.20 6.59 -0.15 9.67 -0.16

mpAEe 2 [DIXEEDRE Y] fside MEEARMEE FAUAER
(Liability Matching)® 95143 Return Seeking)2] AFAFO &2 JLES||o} 5l=t]] F
A SFSE 71d Jolgisidoz, $5744% RASRE ERIE & Sl ol&
(Table 60l A& EH = HAE, FAGEANES FAMAdTFS] Aoz, spojde
A, TR, AZ=TA], AT o930 Apito & B 4= it

o2k

Lt Yog 2238

AZEA tiio] EE JoiF gaadedsk 154 JoiFEad 4 TEZEQ
ek 270, YJoig 2T ERDP) S4 REED A 3712 F 570t A5 Yo
AT FA ZEZT| QMRS MVPAZ, MDPAHZFC 2 FHSIH 1,10 Jojd A
2E] 4 ZEZQRP)AMTS W54 RPAF, ASH RPAZ, FHHS RPAZC
2 Ul

iy

1) MVPZHE}

MVPAZRS: EEZ]00] Jolgel g (A5 4)E Haslshs Hekow o A7)

8 £ ﬁ?"ﬂ/‘i% ERM))7F |9 S Ze= Ao SHAEASe T2 w9l
Ry > oliy(0)] 2 AR,

9) FAARAL *é%h— HRoks 22 A7]gol digh 7199 FAVggke] ulet } 2, AExos
E5% S Qlok dusd LDIO] digh HEst Fort gl TAR g A7l digh A
/A9 4 do] oEsk= Ad3go] Aolr] wiEoel)

10) BHEARES ol8ste HBHQ gadFH EZEEFeZgolA= IUdf(corner

solution)ZAIE dasl7] i HAZTEFGA oY), WY Al FEFHAHF2(1% °]
) At



F| A4Sk
)] = Zw?a?(t) o2 (1) + 2D, (1)~ Do, (0) 7

i=1

MVPAZFS] AAHREL. A-=Z4] 1.00%, FASFAE 25.81%, WA 73.19%
o2 yepgtor oli= Bl FAjmf A Hero 2 Tt

2) MDPZ=f

MDP:= Yves and Yves(2008)0] 9J3ff A7lE BAM|E & ZEETQ QJojFHEA
o[Rg(t)] ol tigt ZF izpAF JodFHFA 0, [Rs(t)
SHmost-diversified)sh= 2120 24 A(8) JI=EsH= T EZZ| o]}

E
N
N
ok
s
o
o
S,
2
E
B
Hu)

sk
o lRg@)w
AekzA: iwi=1,wi>0

i=1

MDPZIEFe] ApAhE-2 MzI=4] 9.55%, ZFiF4] 23.89%, FAGFAE 66.56%
T LERT.

3) ™SX RPX2K(Classic RP, RP)
84 RPAES ZEEZ D] Q JNEAM 719 TR 5 3 B Yok viEsk= ol

t}. o]+ YoISFsHAIE] A T3 SMRC(Surplus Marginal Risk Contribution)& 3 &,
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Z oJoFE|A37F STRC(Surplus Total Risk Contribution)”} 7HEAHAIEZ S5
= FAHSS ZEZLQE ougit) of7|A] SMRC= ZF FARART H]5-9] wislo] of
St LEET Q9] JojFHzor =AuEch o] u (EXXAL] ZHYddEESTES

Ry(t)l, E[R(t)]], EEZ]Q0] JoiddE4eS

STRC= FARAMEE SMRCO] 2} FAPMISS et g2 off 4(10) 2= Wepd
AL

wbA 7354 RPAIER] A2 =4 14.17%, AS=54] 9.18%, =HF
21 9.56%, FAFsEAE 29.82%, StolYE=AH 13.25%, =X H 24.02%= Hoh

4) HEX RPTZHHierarchical RP, HRP)

AS# RPAHZ2 Lopez de Prado(2016)°l &J8f 27l ASATHSHIE B85 4

1) olRy(0)] =[St E RO+ 3 2l 2 RO B R,

i<j
12) $84 BFL Maillard er a/(2010) =317 vigich,
13) AlEHxA3Khierarchical clustering= A9 FAFE(E AoxE ATASE AME)
£ FHoZE S ERdsE WA AR F9 & o] gl «AFoZ st
< AgEoz R Y= ook
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AhiE ®HHo T} Lopez de Prado(2016)= MVPS}F 242 B Abalof 7Hke &= A
FAR AAETAS WHEE(n-Sample)e 7EkC R di&s] wige] QEE
(Out-of-Sampe)ollAli= 59 @47} WAgsto] a7t FXIskear seict. olof whgt
fiete g AZA 02 RPE L85k ASA RPAZE 2753t ol 3dAR Wirol
A e, 19A A= At AR E 7122 A (distance)E T3 T, 2
AoMs A=l 4= IS Fol ASeRith 3dA0A= &4 9
RP(naive risk parity)34]149 02 2}pAk] FEH|5E AHsIch A2 02 ApAbE ¢Jof
T5/FEE ol TS vt Zt
1Al M= 2 AR 219 ot JBAIGE Fokal(el (Table 7) IX), ol A%

A2AskE 21t {EHE AR (F (Table 8) F3)= A1,

(Table 7) Surplus Correlation

DE EE KE IGB HYB KB
DE 1.00
EE 0.86 1.00
KE 0.82 0.95 1.00
IGB 0.40 0.35 0.28 1.00
HYB 0.85 0.86 0.78 0.58 1.00
KB 0.84 0.79 0.77 0.71 0.90 1.00

(Table 8) Euclidean Distance!®

DE EE KE IGB HYB KB
DE 0.00
EE 0.27 0.00
KE 0.30 0.17 0.00
IGB 0.55 0.57 0.60 0.00
HYB 0.27 0.26 0.33 0.46 0.00
KB 0.28 0.33 0.34 0.38 0.23 0.00

d RP(naive risk parity) %42 ZpAke] ¥E/do] wH|Elsto] Zp4kS vijiEsh= 7]
RP ®4]o|t}.

15) AHE k9] R2EE Aele dlX, v, = /2 (1-p,) o Ao TRk oS Sof AE
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HARAE 19AII et ZHiE 7o) [REEEARE v eR ASETRst
(hierarchical clustering)E A13F4](bottom-up) 2. & AY3Ict. 47| (Table 8|4 X
A 2R 2] 7P 7R A= 01791 AZ=A -S4 (E6)0]aL TR & 0.23
QA sl YEAH-HAA(TEFT) ol T2 7Pk Aehs 1563 1157 Alel2] A
2= 0.26100]H o]i= T1F8Z PA3ItE oA WHEH o R ke AR9] 52 Zot
A AlSSFsHE of (Table 9)2F £,

(Table 9) Hierarchical Clustering

10 (0.38)
Group ID17) 9 (0.27)
(Euclidean 8 (0.26)
Distance) 6 (0.17) 7 (0.23)
3 0 1 2 4 5
IGB DE EE KE HYB KB

SEHARIAE 289 AZ RS ZUEAS A AT A ETTA- T
F4-SJol AEATA-THADE 14| (1op-down) O o] EIHB)30] ALY B]FEL
9. olu ¥ 5L 5 RPAZO] /8 SVRC ZIE 715 AKX, (Table 1002

IR HAFFYY RFUS A 027(= /S 0-086))0E F2H mFPe
Lopez de Prado(2016)5 #%3}7] Higitt.

16) Lopez de Prado(2016)= 159 AZE &4dl= HHoz Q49 A ziS &8
Sloith ERoA 0.262 1867 1879 84 7+ Af F Al AgRFA-5l0]
Y=AHL Aot 84| Ag: Ag=t54]-5lo] YEAH(0.26), Ag=5A]-=HA]d
(0.33), =UiF4]-51o| A=A H(0.33), FUFA]-=HAE(0.34)).

ol9] 1&F9 AZE FHGohks WHOoRE AT H(0.33=AZ=FA A H),
B A e (032 = L2TOBFOBAOM) oo g1
e ’ 4

17) 2FIDe Mt 2 O L}E}IHL FGHTE 007 AlFsto] Z7fels ko] Aol
ﬂé.ﬂmﬂﬂﬂokle Folotal(FojeAet oA S T= 5Y), 158t

S AAWA IEFIDE ‘?i%!%‘ﬂr T3k Are dAR OEID LEAeCE HEE

, O]& HiEA o7 L35la] AEAILANS ATt

Aol ASHEHs dieo= Z}*P" 2709 JFoE WRgler &4 o

ot O [FASEAE, A=A, Ag=54], FWiFa], slo|duad, =l

@ [[FASEAAE Az=54], ”—%TW,FMﬁﬁ,aﬂ%Eﬂﬂ =S -

[[(FASEAAE, (A=, Ag=F4], (Sl [Bleld=Ad, SWAaEl <=

o7 AYPIHAE WHEL Lopez de Prado 2016 FX).

18)

@lEMHm
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A WA A HiEg Aktsts IPgolrt. AlRA o A5 uFe F Wo] flE/d RP
PR o8 AntElzdl, WA s1E Wl /HEAMKE)], AdE W FASEAR, AAXEE4,

AZZZA) 710 WFS 31, 0 R IF ZHIEA IEB)9) 52 JuE4 RP
A o8 ARt 19) ofF R 0 & st A Al H EAAE] viFe TS of
2 (Table 112+ 2t

(Table 10) Example for Calculating Weights of Cluster1

Bisection Group A B
IGB DE EE KE HYB KB
(AsseD) SMRC* | 2.41%  5.92%  13.99% |14.15% 6.12%  1.81%
Reverse 1/SMRC* | 41.44 16.90 7.15 7.06 16.34 55.33
Volatility Weight | 63.28% 25.80% 10.92% | 8.97%  20.76%  70.27%
RPO Sum 100% 100%
(Group) Variance 2.74% 2.90%
Reverse | 1/Variance 36.45 34.46
Volatility Weight 51.40% 48.60%
RP® Sum 100%
Note: SMRC is the result of “Classic RP".
(Table 11) Group and Asset Weight
e | DE | EE KE HYB KB
Cluster0 100.00%
Clusterl 51.40% 48.60%
Cluster2 38.79% 12.61% 7.16% 41.44%
Cluster3 8.86% 3.75% 9.45% 31.99%
Asset 38.79% 8.86% 3.75% 7.16% 9.45% 31.99%

ASH RPAEO] APhiEe FAGIAY 38.79%, AATFA] 8.86%, A4
3.75%, =4 7.16%, 1ol AEAH 9.45%, =HAA 31.99%2 =t

I EA

10 O

ATFO B9 AL HF

19) RPE ZEEZFQ W /i8Rt “1/84F 9] v

41.44
<= 63.28%(= 41.444+16.90+7.15

5 Rt mEEe Qo
) o= 7% 4 9.
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5) 2HXSt RPEZHRegime switching RP, RRP)
ARG RPAZF Zp4ke] HgA]o] wel = H(regime)S J2olotal = HHE TR RP
AT ALl vpioa IO LEL Peters(2011)9] VIXE R85 LEHPH20S

(Table 12) Yearly Regime

2006 2007 2008 2009 2010 2011 2012

VIX 13 18 32 32 24 24 18
Regime Low Low High High High High Low
2013 2014 2015 2016 2017 2018 2019

VIX 15 15 18 15 11 17 15
Regime Low Low Low Low Low Low Low

Note: The Regime is divided into high-volatility and low-volatility based on VIX 20.

=0 Aot RPAERE WiAsl7] f1iA dotael 7127t He FAS7RE Aits
7 SHoE SHE S4S gRls) i vt Aot

A BAS7HS AwEECH] (Table 13) %), AHsd=HolM= Bt #A45
7h&o] 9.56%% AR B 7H(12.16%)°l & vIXEd], ol FAS7RE 29
FHBAE 2= ERIE Aart AHEsT HE| ALl O] JHRAE de dedsE
9] Sl &2 W] wizolth Hitz, IHE/g=HolA Bat FASTRES
19.31%2 A7 Bets7HeEn 24|, ols A= div] oz gle
Hart A, /S ES S0 YR U] miZelth

20) Peters(2011)= Z#:ebr|AolZ(fractal market hypothesis)7|HHe] WS4 283t
HE WS ARSSHIT ZHEARol R WEH tiekgt AR Fojxke] 7|97t +3
£ o|FE AP ATIFE A5, A7IFE slEYe] F¥E o|F = ADolE Al
9] Hed2 FgHolX|ut, Aol EgH4/do] FUIste] w0l o]FofX|A] Y= A7
e Blsdo]l AZIHL St Petersi= AFEA(1995~2009) 23, o] 7]&& VIX
20(97Eh) o2 gstlom, 71&e] webA Apikat 2] ARAES vlwgt 23 1
HEAH(high-volatility regime, VIX=>20)o4E 239] S71g0] M4k Z71gHTh
=91, AHSAEH(ow-volatility regime, VIX<20)olAs 9] S71g0] M4k =
7he Hrh Qoit} B AFoNE olE IHET 7EoR HESItHVIXY] AtEH4Al2
(Appendix Ay =)
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(Table 13) Changes of Liability, Discount Rate, and Wage Growth Rate

(Unit: %)
: Liability Growth Discount Wage Growth

Year Regime
Rate Rate % Chg Rate % Chg
2005 Low -3.95 5.61 47.24 4.70 -9.62
2006 Low 22.50 5.04 -10.16 4.80 2.13
2007 Low 9.14 5.69 12.90 4.80 0.00
2008 High 28.88 4.24 -25.48 4.90 2.08
2009 High -17.47 5.39 27.12 1.70 -65.31
2010 High 45.38 4.51 -16.33 4.80 182.35
2011 High 20.46 3.78 -16.19 5.10 6.25
2012 Low 13.11 3.16 -16.40 4.70 -7.84
2013 Low -0.48 3.59 13.45 3.50 -25.53
2014 Low 20.37 2.61 -27.34 4.10 17.14
2015 Low 9.89 2.09 -19.96 3.70 -9.76
2016 Low 5.98 2.09 0.34 3.30 -10.81
2017 Low 7.38 2.47 17.93 3.60 9.09
2018 Low 13.50 1.96 -20.71 4.20 16.67
2019 Low 7.7 1.67 -14.52 3.90 -7.14
’ Total 12.16 -3.21 6.65
iff;;;z Low 9.56 -1.57 -2.33
High 19.31 -7.72 31.35

TR0 = A7 oF (Table 14>k o] Uehdth. #¥E/d=HolA|

L AR A

LHT} =7 7HEX

_]

(Table 14) Asset Growth Rate in Regime

SR e 24 2] 57180] AP S71
SOl BRI, SloldsA, S 2 AU
Apate] B7hgo] FAYAALE] S7HE R ek A

% % 9ick.

(Unit: %)
Year Regime DE EE KE IGB HYB KB
2005 Low 13.71 37.75 68.20 0.97 9.50 9.97
2006 Low 17.80 27.25 9.97 7.55 13.89 15.17
2007 Low 16.40 45.74 39.95 21.07 12.75 11.59
2008 High -16.67 -36.14 -38.28 52.56 5.94 18.46
2009 High 28.93 73.94 61.67 5.14 59.99 12.33
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2010 High 11.96 1632 | 2635 6.68 15.48 12.79
2011 High 1.22 -15.28 | -7.37 14.48 10.61 12.09
2012 Low 13.48 12.73 14.83 2.58 16.61 12.53
2013 Low 3144 | -1.56 5.36 1.85 10.59 8.38
2014 Low 12.77 4.04 -0.92 10.49 8.06 12.09
2015 Low 9.26 -6.76 7.19 9.21 7.92 9.73
2016 Low 13.99 18.42 8.02 10.89 | 22.26 6.82
2017 Low 11.19 | 2498 | 2688 | -0.14 0.98 5.30
2018 Low -2.89 -9.63 | -14.51 8.08 3.15 9.37
2019 Low 35.60 | 25.37 12.28 16.25 20.53 8.11
. Total 13.21 14.48 14.64 11.18 14.55 10.98
ARfeg;;ngz Low 15.71 16.21 16.11 8.07 11.48 9.92
High 6.36 9.71 10.59 19.71 23.01 13.92

web] AREYFHAAL AR BAFTIE0] i FAFAe] F7H8e] &
ong £oETAUL UIF] 2L WEY RPHSGRT XES Q)L W2 WS
HFHANE FAZ7HEo] WERL} £OUR RPHY F R vF0] 2 A
54 RPN EEE210)S H8ole] FUHR RPULE 980t
upA]eo 2 94 OIRt S7HA1e] Yol el H=sh BPY| AR 23S aokt

o2}l (Table 15)<} Ztt.

=

(Table 15) Asset Allocation of Models

(Unit: %)
Strategy DE EE KE IGB HYB KB
Classic MVP .00 000 000 2581 000 73.19
Risk
Model MDP 956 0.00 23.89 0.00 6656  0.00
Claz_?;lf)RP 1417 918 956 2982 1325 24.02
Surplus ) .
RP Hierarchical RP 886 375 7.6 3879 945  31.99
(HRP)
Model

Regime switching RP Apply Classic RP to Low volatility regime and
(RRP) Hierarchical RP to High Volatility regime
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Ct. 2420

ol ol b ol 57HK] o] USHAANS v|wsti Febist RPAEE] )

A Az} oJoiF o] 710t 4 18-S WHE(In-Sample)y} FE(Out-of-Sample)
ojlA &It

1) WEE(In-Sample) £A1Z4}

=HAS RPAIER] 8-8492 wsh] AfsiA WEESIIA B4 29E A tha
I g A HAR 759 edS Yeidle doles7ee =9de RPEe] e
2ZE ] =UTHEEH (Table 16) F=).

(Table 16) Surplus Growth Rate of Models(In-Sample)21)

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
Average -1.15 -0.44 -0.02 -0.46 0.08
Volatility 13.18 17.29 18.57 16.09 16.72
RASR -0.15 -0.08 -0.00 -0.07 0.51

AL AT MVPHERS Jolds7hee] WA 13.18%: 71 v LrertAI,
R SRS ] AASEE T Qo] QJolEEThe Wil -1.15%2
7V JIokch MDPRIZES. BAlSA} Take Fejslsly] 919 EESe] 0 MVPIL o
AR Hlo] B9tk ol YoiFE7he WEAT Wit MVPHZ tH] ol
= ATE Hojglth the.0 2 WEH RPUS EAte] MEAo] EslA BE A
Aol Ex517] o] JolEEThe WEAe] /g A, AEA BlaaBy XE
Zelo HeFEHT} BL JolIE/HE WES Btk ASH RPUS Jue} uE
48 B sk Ao R QJolaE g WA BEo] MVPHEkT M54 RPA
2fo] Alojgrg Vehjich. thXjsto s SeUst RPHZEE %

o
W
rg
2,
o
I‘[l‘
>
19,
P
-

21) 28 Volatility(risk)2} Average(return) A= (Appendix B)& FZ517] vlgitt.
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ZESY QR IAFHIUME FAY EES| 02 WA FU5H] o
o1 35718 WS ephon, S@2g4uel RASR %A 71 Rkt

5 AR 7139) gAS ekl Agule TP SEAs RPAZe it
$2:519ITHON (Table 17) H).

(Table 17) Yearly Funding Ratio of Models(In-Sample)

(Unit: %)
Vear Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
2004 100.00 100.00 100.00 100.00 100.00
2005 112.11 123.11 120.63 116.58 120.63
2006 103.63 109.31 111.82 106.85 111.82
2007 108.27 125.03 123.93 116.49 123.93
2008 106.58 119.54 106.65 109.17 115.68
2009 142.74 173.86 166.03 159.78 168.68
2010 109.14 133.31 128.44 122.46 129.00
2011 101.97 118.82 113.23 110.91 116.52
2012 99.09 111.36 110.12 106.84 113.16
2013 106.42 117.45 119.86 115.03 122.99
2014 98.70 104.89 108.35 104.75 111.07
2015 98.39 103.36 105.68 103.19 108.20
2016 100.17 107.36 111.63 107.84 114.17
2017 96.95 107.07 111.76 105.82 114.20
2018 93.01 95.47 100.52 97.44 102.64
2019 95.36 103.49 109.88 104.56 112.10
Average 104.84 116.89 116.57 112.51 118.99
Volatility] 11.50 18.66 15.57 14.38 15.48

ASEA A3 MVPHES AgelE BHaro] 104.84%= 7FY Wokal, AgRS17t
(100% B1gHo] HAZITHI57HAE)] 40%2) 67RAme] BAIst%IT. MDPAEES HEA
RPZ=kT} Al g Bl 116% S50 vl e, Axulg WEALS MDPHe;
o] o 3kom IVIAEQ0189)eNA] HYRET7I0] Uekith. AS4 RPAUSRS 4t
Jold57heat SUshA A& Hah WEAo] MVPHeT 154 R Alo]

ghe vepton] 1RAEQ0I8WOI AYFET Helck, npukoE SRUs RP
A BE 29 5 M 22 A6l B AL, ol MVPIE] 14.1%p %
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2 sA]olc}, Eak HYRETHE W= oAt ofzfal ATk @A Alw ologs
7129] 7j3lo] Arlo] FAIE G IH] Hiolet wekwrt. E Qbgael A
ulg0] 241 Be157] el Hu] 8ol Fololke (Figure 1) XS BFEE vla
s, AL RPAZS 2004~2007401 S0l FEE 0 (54 RPAHE
Al go] Z7FITh7t 2008~2011de] BATHH EEZe| (A5H RPHHZ WA
w4 Aeu) 8] sieto] ARkElgih. 20124 o) Tl T AREA FEST 0 (4EH

RPAEH=E He=HA ASEA7I7 57t 7H &2 AvleS RAIs

(Figure 1) Comparison of Funding Ratio Trend(In-Sample)
(Unit: %)
180
MVP
A MDP
160 N Classic RP(RP)
Hierarchical RP(HRP)

= = = Regime switching RP(RRP)

120

100

80
2004 2006 2008 2010 2012 2014 2016 2018

o3t e RPAS] A2 7IRPE & SEAE EF =2tk (Table
18)2 234, 54, 104, 158C3A71ZDe] 42g 8|t 23l

(Table 18) Period Performance of Models(In-Sample)

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
Surplus Average -1.77 -0.87 0.06 -0.71 0.06
Last Growth Volatility |  3.95 1072 | 1077 848 10.77
3 Years Rate RASR -0.07 -0.09 0.58 -0.06 0.58
Funding Ratio(Avg) |  94.96 95.57 97.06 95.74 97.06

22) HH BA7gl0] ojg WER ol2e EASHA oi}, mY 48e) wude Al
EERERLE G
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Surplus Average -0.81 0.00 0.75 0.21 0.75

Last Growth Volatility 3.23 7.95 8.28 6.57 8.28

5 Years 3 RASR -0.03 0.03 004  3.13 9.04
Funding Ratio(Avg) 97.89 99.14 100.59 99.65 100.59

Surplus Average -3.30 -3.63 -2.71 -3.02 -2.62

Last Growth Volatility| 11.19 1237 | 1279 1212 12.90
10 Years Rate  pagg -0.37 045 | 035  -037 -0.34
Funding Ratio(Avg)| 77.20 73.28 77.08 76.52 77.77

Surplus Average -1.15 -0.44 -0.02 -0.46 0.08

Total Growth Volatlity | 13.18 1729 | 1857  16.09 16.72
15 Years Rate RASR -0.15 -0.08 0.00 -0.07 0.51
Funding Ratio(Avg) | 104.84 116.57 116.89  112.51 118.99

83t 2 393 532 =] HMept gle AwE 71ike s 1549l RPA
IS RIS A7 FLsHARE 22 1090 So] s e 7|7k 235t
ol(arHEA = (2008~20114) YoIFE7Het Zu&SHol|A Ajzlos &
SR ATE B ole WA Aot FUtt AE, FHAe RPUH] S
AR It S & 5 Sk

R

e

i

2) QIE=2(Out-of-Sample) £ 21}

QIEslo) AFEAL (Table 2)9] PBOE €= F7g5t0] AT ol= DBAME:
A7t o HRReg AR FAjo] A8 7Rs3 i o, AgE]E] 7ge] whe 1310 87t
Z7|(A)E IHE Exof LR 1§75 (DR W] shA theat ol 7Pgsiich

[7}41] PRBOE 7HAF Ad& 11712 st AfH0] ZEE Q. rlgdolct,

7FE2] 98 5 1FeIRA(PBO,, ()= ABFALY] Flolid] w2 Fe] vdE £

AE A8l A11DE 789t

PBO, (t)= PBO,(t) x (14 (= Ar(t))) x D, ()23 (11

m

23) ABEAL] FHolHdE ¥yt FEE] e JFAMSHs AP= - MDx ArxP ot}
(Fabozzi 2013 &),
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oj71A,
PBO,(t) : t3Ad% %] PBO
Ar(t) : t3ARAE To] PBO TRle} tSAAE mY>e] T1& Ao
D, (t) : t3AA= 2] PBO o4} Falol A1l »&4d 717h

[7143] AP iy A HS-Z(Funding Ratio 100%)& 7135ttt 24)
[7H4] asT2 =9 A&9] a3E gRIsh] oA AHALY VIXE &8t
HPH(P:Last Year)d} WHEQ] 275 285 (P:100%)S v w3},

o2 uigos U JolFETee FHslel Amuo|Me] AFRAS AAlslsct A
Z40) A Pot357183% U1 @) (Table 19), (Table 2007} 2,

(Table 19) Surplus Growth Rate of Models(Out-of-Sample)25

(Unit: %)
Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
P:Last Year  P:100%
Average | -2.03 -1.24 -0.68 -1.07 -1.02 -0.71
Volatility | 14.90 17.03 18.65 13.9326) 14.61 14.49
RASR -0.30 -0.21 -0.13 -0.15 -0.15 -0.10
(Table 20) Yearly Funding Ratio of Models(Out-of-Sample)
(Unit: %)
Vear Classic Risk Model Surplus RP Model
MVP MDP RP HRP RRP
P:Last Year P:100%
2005 100.00 100.00 100.00 100.00 100.00 100.00
2006 95.12 94.75 94.85 91.38 94.85 94.85
2007 101.92 108.81 104.96 97.17 104.96 104.96
2008 84.23 96.51 88.85 91.74 98.52 98.52

24) ¥4 O]Oq%"%—ﬂ‘% FAE AT 7o AFSEA APelgols FE HAA gt

25) B8 Average(return)¥t Volatility(risk)2] #A= (Appendix B)E #Zsl7] vt

20) 74127‘4 RPHEO] W52 qIE EAofA MVPEL @A YERE=T o= Lopez de
Prado(2016)9] $-+27}e} YA|3ich
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2009 116.38 148.56 142.67 128.69 137.45 137.45
2010 90.41 115.67 109.70 100.20 106.68 106.68
2011 87.13 104.49 97.84 93.44 95.30 99.10
2012 83.80 98.08 96.21 93.22 94.96 97.38
2013 98.19 107.50 107.75 101.84 106.44 108.99
2014 91.00 97.63 97.27 92.30 96.14 98.33
2015 83.82 89.69 92.39 91.43 91.37 93.34
2016 87.18 93.14 98.08 94.49 94.43 99.04
2017 87.14 94.47 101.35 94.63 97.74 102.30
2018 83.23 89.13 92.87 89.64 89.70 93.70
2019 84.06 92.19 99.31 95.88 95.95 100.16
Average | 91.57 102.04 101.61 97.07 100.30 102.32
Volatility]  9.30 14.90 12.69 9.46 11.45 10.70

(Table 1904 YJoAa57He2] At WEEIAS] 2aet AR e
RPZE2 A HAE2] VIXE E-8ohs Bl 4%, AE2 RP Mt Ad=x7gd5
7F Ha BASH HErgdt SHARE YRS st W e Wi o) A-folls Wi
HE 2N LS 7MY w2 ANE A0k E HadEvle aEk e 2
et fAFSHA UERHTH(Table 20) %), &, WHES] SHAWHENE RHget 534
& RPAIS] WA HulEo] 7Mg A UEhder, 717 Sol= (Figure 2)oxet 2
<= AYE B3tk ole FEE|A Q] e RPAUER| k= = oS0 wet g2t

A7) wzol] et = dlE2] F8/d8 AARSIAL .

{Figure 2) Comparison of Funding Ratio Trend(Out-of-Sample)
(Unit: %)

160
MVP

MDP
140 Classic RP(RP)
Hierarchical RP(HRP)
Regime switching RP(RRP, P:Last Year)
120 = = = Regime switching RP(RRP, P:100%)

100

80
2005 2007 2009 2011 2013 2015 2017 2019
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ASEA 2YE FEOEE, 284S Ao HAske = RPAEC] i

23 QEEoA JAFS7RE APrlE A B2 T S € A

A7 =] DBAIE= dela B4R R S49 2808 A7|H o s APHzo gt
TAIE WSl Qi) o & 7hAlsH ] fisiA Fafet AAIRE thRt ALMA o] a5k
F|olli= 71E9] FAi g ol A gks sk LDIA o] =51 ik

£ =olie JoiF @292 El(Surplus Risk Parity)g $4H2&, DBA=CIA &
& 7Fs3t AphiEERE ASEASIqI 3], #6524 RPAZ] ASH RPAZRE W
k= FHHS RPAZS A= ol VIXE 710 R s d5Hd} AW
S Lol e RPAERS A8k 7iidolrh ASEAS Wad) Qo &
Sto] AAJottt. WA Wi B4 27 =3 A% RPAZ2 MVPAHE, MDPAE, 184
RPAE, A54 RPAZFET =2 T XY IHRASR)S BRI §UTH ¥ Joa57t
& B, =2 eSS Btk ol JHAS RPAIEo] AWEd=tHolA Q5+t
FEEDQQl AEH RPHZE, THSAATHAAN = FAuA 2EED| 2]l A4 RP
ARS 2-8oto] AR F570ll= o]of Fofsta slet| o= &S Hojsh] HiE
o}, Q304 9] AutE WIS AXfe} FAHCE AHAAES] VIXE &85t =H
oY) 49, X164 RPAE Bt 92477 ohA BISHIANRE, R4 9]

FHBEANE NI P EES FUT AAE vl AT Hg Al

A70] FAHL TRt Tk, A, QIR A% A| ASSIRE L8 BRI
7Pgolet. £ Aol ERAS 4ok PHoR HULES Q0| Feolde
sl FeleE BANNS H8SIAOIEES] JoiFEig FEA) fERY)

AMCRZ tEA] oS ERlskiTt.27), ARl A8 Alol=
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27) s&ite] F84E FRISkE Box's M Test 23 WREN HE] T4k S5
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=
H 52 Z8% £ k. A4, FHAS RPAFOIA 4HE 178T o, VIXE TR
ARSI A% AFolA= Peters(2009)2] A7-A41E =S 370 VIX, Credit
Spread, 229 S9Mg4, =Y A 55 LFoto] FEITHE Hrf T
49 WiRo] 2 Zlog didEn T & Aollde SR sfefRitke Ut V1%
o2 AZ3Ae, FARG et e 715 HHgcke B s AET 22
7F . ARl Ate] 2IE AA deAtt 2800 A8 the thaS Lssiof etk
2 A7 ol AR tVdes 57 FARd ] e Bl ol 2 717
E NS ZIRE YRE, QB EA0A SHAS RPAER] 7T 943k
A, ol ARl A2 o FARME, FAIZE 5ol mEbA EEbd o Qa2 7
Sfiof 2tk webk] A 7159 8242 ZRIFE IPSI)E 7122 FHARI T
HE7F 2 asitt

AEA oz Sl weh FAY ZEER] Q9 oliTt ZEER S Wtk IHd
& RPAZRZ LD 2840 5 Z210= wsn, 3% i Ao WiE 9 A=
Aee BT o] BRI} tiefRt LDIKEE 2] 7o Zio g 7.
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(Hy: Zygn = Zegu, chi-square: 590908, df: 21, p-value: 0.2099).
28) IPS = Investment Policy Statement, X532
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Appendices

Appendix A: VIX AHAH(Cboe(2019))

VIXE= 19939 Choe7t =QJsto] AF&6}al Q= ¥a7d A|5=oltt. VIX+= S&P500%]
£ 7Rto 2 E AEA o] OTM/ATME] &4(Call, Put)7F8S 2ot ol 4]0
2 AMESi

) AK 1 F 2
e X 2 = — —l RT . _ | ——
VIX = 0 X 100, o 7 % > e Q(K;) T[Kb 1]

K3

Appendix B: 28 Average(return)?t Volatility(risk) 2|

{Appendix Figure 1) In-sample (Appendix Figure 2) Out-of-Sample

(Unit: %) (Unit: %)
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Abstract

To manage the surplus risk of DB pension plan, this research compares and
analyzes asset management strategies available in the current DB pension plan
through a risk parity(RP) approach centered on surplus. In conclusion,
“Regime switching RP” is presented as an LDI strategy that combines “Classic
RP” with “Hierarchical RP". Empirical analysis implies that the Regime
switching RP shows a higher risk-adjusted return and stable funding ratio
trend than MVP, MDP, Classic RP, Hierarchical RP. In fact, Regime switching
RP implements a portfolio of liability matching in high-volatility regime and a
portfolio of return seeking in low-volatility regime.

The methodology and results of this study are expected to contribute to the

activation and stabilization of asset management of retirement pension funds.

Key words: Defined Benefit(DB) Plan, Liability Driven Investing(LDI), Risk
Parity(RP), Regime switching RP



