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Safe Asset in Korea and the Estimation of Safe Asset
Demand Function
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22 51} 19 Al TRk AAEEO] FAsHA AR det HR 1FAE)
A A9 5L 1|5 AYAE S ol] thaslgich. Tt 19 Atefet o] 3}
A AP B0l thgstol FRIE A4S PHIDANE AR S RS
eiget A0 wekEch et oA AgAle] thelelE fAlo] HE Sl
SoId A o] 8 7R el Hhek -l A7)= 2 ek
29 ZA7} HACIE, Z1QelE, E 4ixjo] Feky steleks 37 =7t w1
28] B715H AL ABRE Bk oA Zolg Wast ek vl 38 F0
BN B 8 HAY F7M O Bl 38 A F71o]1 o] 38 34
ke ulslE St 39 FA0) 48 Selo] BREl: ARjole 38 A 1
of S 3§ S0 BBl oA vk o) ik, B4 A TRk A

oje] 2712 AASR: olf P FEE BRI Qo] oY 48 5 A3t 3
T2E vt ] Y it Yobt oA S0 unEel 3§ W 9%
sjo] QBAAC] $HH ANE 2T /K5 Sl A9 Bt BFRRE] T8 )

s Bl 95 AE e arh dAsh | gtttk

2R Z710l T2 1=} wele] oo} 22 AJFTA T Bratar 7k HA| FAof whet
oL Hro] A Fr7F HATA | disiale Q=2 izl "ol gick. 7Y 7199
27 B e 1A A ARt e Yk o R gojg =27k 2Rtk
B7] ol 98] FRE 2 19 97] oX7IA] YEH O E GDP tiH| A ARt vl
9] AJhE 40%= A8kl 11 ofstollA A AN/ BeEjel = Z o= Heltk Ty
2 19 R AR Q18 bl Zelol] A% S7PgAclkte] YRl olof et
20204 Q2uet FarA W e 846.6% YO GDP M| 43.8%0f o124 HA
th. oA 7l TR vlge] A5o® AA A7 vlgol tigt =27} Al9lx
oj2jgl =9 AR HlE 60%E ARIOR ok AR AR =9 wRE o &
FES Wolt) SRt o]e}h 22 =0lof iz Eatil HTEE Hlgo] A 5o s
E3e E AAGHE 22 g4 ot Bl
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14| oA AT At Zo] =7 H = T8 71 SHOAM &l S5APelA =4
2he AMEe] e yEhdth S8Al ke A Ksafe asset)oleh= ZPESH
Ou|E Zh=tt. o= I o] A4S AT T SHo] oy} FeAMelA A
QPR = SO Brts] £ B a/do] 332 oulgitt & e ol 2
oA Syt S8AICIA 35 2 RIS QPR S5t -8 A AT
H A APolA PR e ek WA A 8540 A4S Alkesl] B}
Q.

U S8APgoNA PRl it =019} thas TRE 9] =2Jo)7]= SHAN 22
H FEAPGONA QPR B (shortage) @A t=3} €S SACE 20089 22
9 F6-97] o]F sHAIe}F QAN KT Fa5HA thFolX Aotk PR Bo] =
24 F58719 41 F stz AEE7] vhzelt. vhd 22 S8AY 22 =y
TEAPOIA PR o AR T A T o] TRE TS A9 SHAOA B
A AR Aoz HAlrh AR 19974 £J€k917] o A7 =Wl F-8APelA =4
SO BEEE AR HEE m- AljEAo|qint. of= QRAAMY a7t
3y, 714D 5 WOl SFEE PRl Ofsl S5 A= mgt
T F8APONA PR S8 A F She S EAFRP) AEQ] A 5 7]
A 2K B R Ao = SEEE AU U SeAEolAE of2e e 9Ee
=A9] WY Ztoo] FA| FE3H Aol qitt. o|ef B2 QEHAY] RER2 jh-230]
RIS HES Wegsto] HlH .

Jorda et al.(2011), Valencia, Laevan(2012), Gorton, Ordoriez(2014; 2016) 5
A S5971 ARIE 248 23 A8 W credit boom)o] F6-917101 A k= @4

U2 BRlolal, 522 AT FFo] FER ARIA A8 WS Fedohe Wkt

ot 4

rlo

o] ofs) g Aol © ol qhibilol ok E uf g Alwlo] Bl
717k et Bor Seluele] 199749 QeI tirlQle) Aot qhbke
& clAA o2 FHOE 3 418 WHOE 0|01 olzle] FEIE oleld Az

1) 997] ool AT 7122 39 W S 22t AgHET. ol Hirlgle]
Wageks AR A ShdRbte R dARSS SRt & 4 9e el
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HY S 92 Folk. o F FAOINE FFRE TFoE BAHE,
Sgol A o] et AR Bk o,

£ 7o) e that ek WA [IlHE BE AES B9 b A
4], T B AL 5 WAl that He] o] H2 Ak IFelME A
TEYO) FEAT BAS Btol Fuf TN AN gl thel B4R
o VgelAE ) Aol ZaAle] 40248 345 Bk VAol B4 A3
£ Feleha P FA 2 F7PEFAONA A B FAEA 2

o} B AAVES AN,

Il QREXFL| et 7[E =9

PRAM Il Rt A= ALY Aol SRt S8 A 7= 4od
tjsf QA (safety) T -5 ol wet 2. S84 QFAAdE BRI
Sk wE] Y7 Al o BE B (nominal payoff)e] F744 0|8 7Fs/3E 9
njshy o]e} Zhe- o]f] 7Rs/gdo] =& AHito] Qb0 w2 AHitelH. 0|9} e FAFA]
MaS o= QPR mjefo] ou’lt B eoflehe 57474 HAo] olfE e ik o
u]$k}, Golec, Perotti(2017), Habib, Stracca, Venditti(2020) 5-& o]&{st A ol& u}
23 ok

SHA|9E F8ARAE o] 2ol QEAAE ol Tt A wet WA 0 2 HOyE|7| ke jirt. QBHARiE
9] JAte} QEHARAl] tigt ATE A 2I5E Gorton(2012)2 F4I 8] (adverse selection)O]l
ot T2 flo] Aol ARSE 4= 3= AW, S A Aol A4te] Z1x]of| Hish AR
(private) AAE 2L ke =7t gle M = A% A E4(prolonged
analysis) 52 B8 AE0HA| il A2 AAU A7t Briels AHiko g 7 ofgitt
olof we} 71 ZFx|of] tisf| A A HE AYAbehe o] W o]ojo] glom 11 7EX|7E B4
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2)(common knowledge)?l AFiEO 2 AoJtal Qlrt. = ©7| QPHAKES Aste} 89
9 wglof] AR, A7 QPARMES 7R AoIU HE o s SEEw, o]ef T2
E4o= s QFIRMEZ ‘WO 49)(convenience yield) °lgks HIEHA o]
(nonpecuniary returns)& 7Pkl 51T

QAR Aol AR E-ARAS] od HTof S-S F=Ttl wet EER Aow
& o ok QPHAMEE miE ] o’ o2t 54 HASo] o] E= Ao g A
Sk A9 QFARMLEe] 7R A o] o] Aol A ogt Aok PRk A
H o[t do] glie At B AHE 7] Bl8o] I gle Ao R Ao A=
e Wilohs HOEA PRI Ao S F= Aotk vR|IoE QPR
= 1 80| AT Ao AEBAE 2= AR Aoste A2 S Hadlshe
o 2A A Gl 2HE F A ol 4= it

QPARARE: SEA AAGE QEAAMLES] Q)0 Fetohs FAsHE ook a8 A &
7HAtel] SJoiA] St oleh B2 RS HO 2= 4 SY2Yolut AR 2 T
oA FEdks @aolu 54 52 & 4 AUtk FEUEe] S 5eRkRFESHERE ol &
QTR SHAICE SEARE QEARLEE] A ojof| Hgdols RAISHS 35yt
ofr}. AEHoRE= ASEHY dFE kAN &3tk E Tvig-8{wholesale
banking)o] WEslAA 7|4t e HHES B O = W9 = ABSH MBS} 2>
58t SHE ttE a6-917] A=ol ofy=hd QEaRkte 24 9] kS JERittal &
T AUk & AP FEFFERE of 2} WITHEo] RS Igo] oJsiM = FHE
£ Aot} RIxkRRo] FH5ks QFARMY] A9 it S-8-917] Ad¥e] ofEt ol2t
= A7 B QRRAo|ER= QJujoflA| Golec, Perotti(2017)= ©]& ‘2JAHquasi) HA

_,d
I
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rir
o))
lo

2. QEERRL B ot QFHAMt B29| N sa}

200094 ©]= WollA+= Bernanke(2005)7F 9153t ‘savings glut’, & 37 1&
7AHgE ofAlo} I7FE9] QR =8 F7IE vl=r Aol thet Sie] =871 S7ISHHA]
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PR Fgo] HASHA Hr Caballero et al.(2017)2 229 89171 015 9194+
A1 S2419] 71t 919 ]} A 5201 89] A%} SHfE QPR Rl mE &
Fo = Skl A&EEC] w2 ASAA Y AHEC] MRS Tk AXIAEAL
AFEET =2 oA 22 S8 PR B QA2 SR A&E A
& HoIth

o]AY 2000 o]F F=H FEAPolA QHERFA BE Aol A&E|o] k= 3
o Hafirl= sHAIRE GA| BF SOkl Gl AR HRlrt gt 2000 tHRE AlZE]
cta BEAE= S22 F8AR0IA S PRk B dAdo] 2008| 97171 &4 o]
T A= AEE L Y= ALl Heials tha Asirt dddrt. 20084 9171 o+
=29 FEAPIoNA QPR BE @4l tisf] B4k tiRRS] e B 5 AL
AP =5 1EQ vlw A B ST A&E L, 2 S92 EE AVISES 91t
A 23 S as 6k= oA =4 BAE E2e 7R, 201249+ A
91719] ofm}2 oo}, AH|RLS HIREE A R7] %7 4RIk SFo 2 NI F-8A]
oA 83 5= Qs PHRPAEY] Fgo] A EolE ALE Aoyt & QFARFALS.
2 JAXNE ¥IzF F871H8e] YT /55 FHo| T o QFRtAle] oA | M=
PHAPAL B F49] §F 8R10 2 A EE]| = Firt,

124 Wilson et al.(2012)2 9171 =5 ZPgolA] 8 AR=52] 2757t S7t
Zo| QPRpAl T Aot HHol] & w=elEhs e ARtk o5 71 A YollA

QLA Fio] S AL Aol A|et Seist 7]ule] QPAb FEe 1] TR W,

lO(l

(¢

r

O.

A5 HZS MBS 371 62 AR S4HA oSt 4% E ulwa BlRE
(non-Euro) 107} F8=-0 2R E|9] QPHRAL FHF0] F= A HolA 9] AT T+ 7
A5 w7 2o 228 S84 AV 2 3 Aavt PR B @449
Ao H7| ofFrhal skl QPR B @A) Q10 R 8 F7HE =03

ole2 2= ANV A% F7I-A, 871 A 4 FAlOl iRt Bl A, =

o

A 5= =2 87| 2T bAxAE =237 9R10 2 HYkth T o]52 Azt
oA FFEE= QEARAle] thgl 41530 49 % X|&E A0 T HQFow Z0kosyo] of
2 5} AT QFAAAF 4=Q.9] 5F Q910 & KT
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Ferreira, Shousha(2020)%= QFAAME =8 F7HE QPR H£59] Q10 & HSlTY,
o5 PRt =8 STV} A& E= o= I 13}, A skt =8 TAIE F
At QI sh= 2E O tiH|gh A&0] ZEEQ /oA QEEARRAY] HIGE 0]
+ 8910 = A-gIith YAt stetstd FA; F=AlS0] AFAMNA 71U & e
QJo] WolR|HA QEARAE 42871 FUIsIcE T F8-9719] AEL ATl 871
of B B PRI H{E 855HA Stk Ao|th

o]e} Zh2 QPRI F= @/do] Ao WIA7 = wAIEA] Golec, Perotti(2017),
Gorton(2017) 52 S8APE £9F 7Fs/d2 E3L Aok A dlg $49 4mfha
BollA Thget 1A 9) =85 WEEA7]7] 93t Eulag o2 Aglshe IollA, Trlia
BollA AlgE= 7] FA7E 255 flsiAle ofE PR R ofd & Qs gH
7} D83t} -] gHolA =3 vlEo] Rokx|HA ABS(Asset Backed Security)tt
MBS(Mortgage Backed Security)?} 22 TIZHE-Zo|A Al5E 2JAHquasi) FARAE
HEO BFo] F7IRIAL ol Hrt A-gH o R o]ojx F8AY] H(fragility)
S &=9ri= Ao|tk Gorton, Ordonez(2014), Moreira, Savov(2014)2 QEAA}A0] A
Hoj] E78Kinformation insensitive) BH.2] JES sh= A= HFofA] oEHR}ALO]
FESAH ARl FAFARS] A& S50] Alhls HES A E st
Caballero et al.(2017)2 Yo7} QP4 $Hd(safety trap)] 7FsAdS Al71skt <t
AApiE HE0 2 QAR 7HA 0] A5l 749 2 A At o] BEad7t A=
=] SiRlo] =ERthd S48 AAE oA QPR Ale] o] slEd Aol

3 Hokth &, AN 5 @40l Ak AaAlle TR AT 7ol te
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QPARFARS: BIRRE F8ARE B EA5ke Tl Gorton et al.(2012), Barro et
al.(2020) 5042} Lol AT Y] ARG A RS ARSI =23 57
tlofE{#|o] A1 ECOSOIA AlE-dhe At s 2008\ 4/477 |58 Al5-%= 2008
SNA(System of National Accounts) 715, 20024 4/45715€ 20134 4/48717H4]
ARSEE 1993 SNA 71 5] Utk 20009 ool =4 &) o] FgApitolA
AA[SHz BlFo] wlnlsto] FFFoA SgEhes PRl thet =27k & oJu]7} §l
ThL gekE] o] 1993 SNA 71 Akt AlS== 20029 4/427158 Ak 1A &
SRR 7ol A= 2008-20139f thsfl 1993 SNA AH=2} 2008 SNA A&7} 9HA| Al
H]31 glof o]F o] AARIt) o|F F57|E A AT PAAMIE S8 EAr
HIF9] AR 240l 4+= 2008 SNA A= kS ARSI AAIFA7E Bfdhe S84
At SAE AR ofer AAFA Q] BAo| B a8 B SHoA® mefet & 9lont
of7|A= FEAME JARE SH O T BAS Al

S At JHETEAIR] SfuRtelA = S PRt Sgo] FEstH R EEst
Mt 319 A S50l 2 B9 s PdRte] = QPR tiAste] 7]
st 7hs/dS Addl 2 4 ok 13y s AR S| AAEATE S A

A HEF ) 29Io] ks ZHolH A B sx0] Baoleks bR

N

A g 7S S F8A9 F S8R 20209 2/487] T A 174 9,653
Z Yo7 PE GDPx4E AFYSt A7k GDPY oF 10H]0] o]2F ). (Figure 1)S HH
= 182 20024 4/487190 oF gajgdon 2000 o] BlE2A] AR5 20084W 2
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=28 5971 o % 8ulollM AR FA DS HR #, 22 TA| 7RHE AJSAIE UE
AL -

(Figure 2)+= & S8 M} 85 GDPY| 57 |diH] S7H= et & 384
A S7Re2 B5 GDP S7keiH o &2 04 GDP 71 Az 524 &
A4 Bk ot 228 289171 Addle 584t $7He0] BAk S7el vl 2
g Holor FZoe dE47] AAE ekl 284Nt SRS A FAIE
Holil Slr}. A8 WA mE #F FAol A= 7] HEe SRt & A71= olofA]

LB oK o) o] AB7] o] 418 WY B 4] HAL B o
]

X

(Figure 1) The Ratio of Total Financial Assets to GDP Based on
Nominal Values
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(Figure 2) Per Annum Growth Rate of Total Financial Assets and GDP
Based on Nominal Values

(%)
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—GDP —1993 SNA Financial Asset 2008 SNA Financial Asset

Source: The Bank of Korea ECOS.

the-o 2 QPARpALY] gk ke FEAMte R Aot FEA, I3 5 € oflFo]
A A ESITE WA (Figure 30l =4 8-S BH F-84HE 5 =47F AHAok=
H]Z-2 20000 Z5F 19%tHolA] F 4% SHEo & ARSSct. 20209 2/487] @A)
=4 oY A2 889.6% HolH olF @] A LA 18% Hor Y] A vl
ojfgt =2of A3 Qlek. 2000t HEk] 3%HHE EHd =4 vlES 22 289
7] o]% HE3] FoRth H ol 4% FHtollA BAE HgS Hol1 ek I R
7} QBH 0 & A== A7t S8R Aok BlFe] HAIR S FAIE B
the ZollAl 20008 0% =4 -2 57l 2 Z o0& & 4= Qlrk. thuk bARpAE 4=

R0] 1]} FEPEAY o F71210] Hjo] WRF R0% Az
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(Figure 3) The Share of Government Bond in the Total Financial Assets
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FEAE F FAF AATR MIFS (Figure HNA B 200090 5~6% 0]
qlort 5 89| o] setsle] ol 4%rh &4t ol vhET Utk 202049
2/457) @A) A ey oL 830% Yoo ol B| FAE 1783% Polth. T

7] 89 hREL EolbgEUl Ao et

(Figure 4) The Share of Financial Institution Bond in the Total Financial Assets
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TS84t & @5 H dlge] AAske BlE2 (Figure 504 2 20008 ol%
20%E HEWT 22 AJ5H] 20.4%F 71551l At 20201 2/427] A BT

AL 136.5% Y, ZAG g2 60035 9, BIAAS olg-2 3,270= otk

(Figure 5) The Share of Money and Deposit in the Total
Financial Assets

(%)
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Source: The Bank of Korea ECOS.

Tt e H olE, 284 3 SAE vt dRkte] ARRskE HIS 28% e
o AU 2 UL Eolopt 22 tha A5 (Figure 6)& EH Gorton(2012)
t 240l PR BIFo] F8AMIelA AR5k BIFo]
ol 7R PAQ 5 HRI 2 o] sl SeAMel = S8AtelA Akl

ARSI HEL e QP Eel Ao W,
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(Figure 6) The Share of Safe Assets in the Total Financial Assets

(%)
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Source: The Bank of Korea ECOS.

E (Figure 7)& X% Gorton(2012)9] 4] 23} FABH QFRRAE] /gefiA 4]
wo] AR5tz HIF-2 20008 24 75%01A A4l 2000 H FHE °1%- 70% W<
£ FAISHL Aok 20008 QFEARES] 5% s ISt A= 15.5%= 71 H|F0]
AR Z2 717 S84 BlSe] 20% HLlollA 15% Wiel= HlFo] 45l

& weAHAolA o] ARRlskE BlFe] PEARl F4 e Eole 7hed| iRt
< A vIge] EoHltkE 22 S5 5-20] sud IAMte] RIZHTZS] bRt

< 75(crowding-out)§ A2 S|4 4= 9)rt.
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(Figure 7) The Shares of each Safe Asset among Total Safe Assets

100%
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M Cash and Deposit B Government Bond M Financial Bold

Note: The shares after the forth quarter of 2008 is constructed using 2008 SNA data.
Source: The Bank of Korea ECOS.

2, QFEX[LS| FRIFHE He ¢zt

bR F A 9 ol F2 7|45 7HAI7E 65% oVdE 7HA AL Q. dF E o] 4
AFAE vS- 7HA E B g 2eA] 40%H S8t vIE-§RHR1 10%H 4t dlFFE71E
15% W2 Altel]l AA 2 HstkE HolA] gttt F8319] A9 2 AAFAIA Eh
=1 e HISE BH 280] 8 428 FAlo|H 20108 S S/, FAHE, B
718 5 ofet F87180] =871 ST o Holle 289 =8 Hl5o] thA] 57t
Sk FAIE Hole 5 544 @48 27] o=

olof] whet of7| A= FE QBEAPAIlA L HlEo] oA = A7 2 BAIFA
Ofef} BRE|TL U S-S ATt 7t AAFAE =4 BR HlF S0l (Figure 8)3F
2t 20084 224 289)7] 5ol S 7 wo| H96H1 9= EXxtE 24
A7FE& T DIEETE 30% 7telE BRskal ATt FE olof B7]Hat 23
o] Z}7t 20%H Z¥ke B85kl §lo] ol Al A 7o) =312 70% HEE 428513t
T2 o] Yubgio] 23 HG HlFHe 16%HE 2A Wobz1 2= 0|9} ulsgt &

e}



3

o8 AZ o}, ¥ HE7|Ho] Aok HIE-E 35% WZ FA Fobd =419
7P 2 48 FAE =9I 3 oI5 Al 7 7]He] BRoks S v 65% FER

T 9 EAHEY A 28 F7Ml| w2 A oE yepdtt gh,
QJ=R19] A B-f+= 20084 o] % 7HtEA A58 ¥ 20124 o] F-== thAZ 10% W

9l9] u}3-L Aek ck

B

STIBAILO| ORI B8 U AR5

(Figure 8) The Shares of Government Bond Owned by each Financial Entities

(%)
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—Security Company —General Government
—Household and Non-profit Organization —Foreign

Source: The Bank of Korea ECOS.

3. =z SSAIZ0IM HERRL =7 2z T}

U F8AEY At 20009 ©F H= GDP tiH] GHell A 10812 #kE 4
P& AEH At o] IHolM = H e, S84, FAlR 7dE Al AAl =
sAMLONA AA[BRE B2 ¥lwA] DSl FAIE AT Tk QAT = A7t A

Ashe vlE2 A A= S8APgeIA =419 52 714 Hejo] wEt g+5e] 2
Jehe TEE IR Hs =7F FA S 7RISR R Ao w AiHEral
£ 4 Ak 0|9 T2 AAE Zh= A7 PRI ZAJSkE HISel okA Stk

iy
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AS T TG AN FERE QIAMALe] Fio] 2718 9 ofmigic

skl ) AN 2R 5 QP S8 WIskE TRsshe A 44 4k o
A AT AR QA By B9 B @2 U o3 F8AlME 200 3
AVE sjol ] B2 242 WSk ofelgiek. olo] wet ARATAE 2R e 8IS
FHoE 50 Mok HY, A 1Y vFo] B 5a FARN HY/|B I Sa
2719} 24 QB HASHE Qubgne] 40 Fav} S, v oS B)n)
UuPgRo] ABEH U BAHE HFo] 3 SR AE 72 wehch, Blato] 4
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(Figure 10) The Trend of Credit Risk Premium in the Korean Bond Market
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Note: RP is the risk premium, DBT_R is the debt to GDP ratio, CB3YBBB is the BBB- rated
3 year corporate bond yield, SLP is the slope of the yield curve computed using the
3 and 1 year government bonds, and the GRTH is the annualized GDP growth rate
from quarter to quarter.
Source: Computed by the authors based on the Bank of Korea ECOS data.
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(Table 1) Unit Root Test Results for the Data used in the Estimation

RP, DBT_R, VIX, SLP, GRTH,
ADF t Statistic -3.461 -3.235 -3.296 -3.230 -7.905
p-value 0.051 0.085 0.074 0.084 0.000
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(Table 2) The Estimation Results of the Government Bond Demand Curve

C RP,_, DBT R, VIX, SLP, DM, GRTH
Coefficient
0.557 0.878 -0.016 1.221 -0.055 0.800 -0.169
Value
p-value 0.246 0.000 -0.062 0.026 0.759 0.000 0.001
Note: R%: 0.93
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Abstract

This study investigates the demand and supply of safe assets in the Korean
financial market with the flow of fund table and tries to estimate the
government bond demand function. The estimation results show that increases
in the government bond supply have reduced the credit risk premium since
the 2000s. However, the credit risk premium in the Korean financial market
has remarkably increased since the global financial crisis despite an increase
in the government bond supply and a decrease in the bond market volatility,
which are supposed to reduce the credit risk premium. It suggests that other
factors - such as population aging and lowered productivity — seemed to shift
safe asset demand.

% Key words: Flow of Funds, Safe Asset, Government Debt, Credit Risk

Premium
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E= IR E(Elliptical distribution)S WhE2n TEZE] Q7| /HE Y 9] g2 AgH
o7 #FY 4 Q= Brols VaR el 4k B9 A dEot sdsieal 3t

™, 71 Z9oll= NEA] Akt 7SR W Al o] BE ol 25 A
= o} 12y 11 0]9]9] ARolls Al FENOE oEHZ 1
T Ashs Aolle 7915 71&0doF ehal skgit

02 gAIE7 HHo 2= AU e 78F HH(Scenario-based approach)©] 3L
=, o= A% AU E AMdet & AlEdeld Akke d¥skal 11 AXE S
AT F FA5K= Ao tHeHE 2011). A& &0, 2A18(2020), 494 2)(2021)=
54 oxkg} AFFE AU 0] 7|HkE ol AP ATE SIS
H(2012)2 FEERE AU 7)HF 1S S5t F A BES 2-8ste] e
oI 1By SRR A71A AP ot EAT S At AR g
2] &8 7] 4 MEAdo] BlAT S50 585 Sl ol tisiie AluE] etk
2 7Fi7t o 58 4 U

Copula 2¥2 T8} E3 RopollA YAl A= 991 719] odwhs] Ad& 1L
gfsto] SEREE BYIlol= 71 5 stttk &8 &obollAl A2 A/d2H2003)
1A 8 JA FAES oHF (IEE HPSoks AEE SIS, 7t
(2004) 4189130l =S AMiE 7o) A9t H=9fE ol ZEE HYPSIsIoich
AP E Y] FopollA] ofal 91(2013)2F Y 2J(2014)= F AR APl AH <
BEYE FE Trr BYPSelal FHlES ARESialeH, Axd 2(2014)= A71el
tfslo] F5FH0] 7Heial AR AL K13S EA5ISITh BHH, &sfjH ] FopojlA] 2%
3] 9J(2013)= 75 et A5, F FEHSY] S ZETE ol8sto] BE3lst

1 %0 7HAS AAson, EHQ019S A Q1% 5 Tsiole] 91

oR,
ol
> U
)
‘o
o
o
f
N
30,

&?
it



HHIBT MU IS

< &745l7] flote] FETGE ARESIAITE THH AR FZollA Bhet-$/95(2019)=
FET} E ol-85to] &S RHIS & Y] AR A RS ARSI

HIRA ZEZ Qo] wt BE|Ad o] HAFE 7T &/ 27t &= =l
T E6haL A7) dEolAle oA AIRFARI g Ele] FEGE A oA RE Y
Sk dloll AREsISitkE AolA Ao AP EARIGE dlE E01, BHY &R o
(Elliptical Copula)z]l &3k= 7F-A1Qt FEEHGaussian Copula)H t-FEZ= 18]
F20] S AU 4 glom, of27Wtiqt FET= o F 9] Bapvto s 11 o
3S o A 271828 7(2019)3 ARG 2120160 L+ 73 ©l2] Tttt
FET} Y55 HAES] B 519tk o]Z A ME2 02 tho|Agtd ey IE Y
of27HtjQt FEeH Archimedean Copula) HA], Vine Copulas oJ& 22 S 4 &
A5k Zy A vkedak 4= 1Y) Wl Eof(Kurowicka and Joe 2010), 18 3-ojjA 2 A
o= thAT FrREu BrERE el 22 ARk L& 7HE A8 g 2E S o
21 Vine Copula® ol-&ste] EEH Afo|9] oS ngsfslarat gtk

Ao E 4AEsh] QoM EESEE &UERE 7] &S wHER Vine
Copula THAT &3 HgE Al & 11 &S FEEAIR Fototo] Uehd o
= FYAI=wrt "Q5K}; Nappo and Spizzichino(2009), Embrechts and
Puccetti(2006) ¥ Cousin and Bernardino(2013)= thizo] tist glAg=2x = 5}
LRl thAs VaRE AOlsiqit). ol24 0% v VaRe FAMEIA 02H BARES
b= 7]&0] @ VaRe| Aol dAFolA (d-DAM AAIE Z2b= this glos &4
Ngo g gojdrt. AHAog= 11 A F2olA VaRe| AJ3tgkdt shetghs Aot
F, AlEde)dS B0l 1 AAS &3 BESERE 1 VaRgS 24 o 2 A
TolA= g S EFAL AA| S-S RO = 11, o]F EY|E HHE &5 B2

NS 53 7, o] FEE AETolARt HES o]8sto] 2F2A o8 thHT VaRgke

N

et

ok



Vine Copula Eod()“ 7| EI_ _eoHEo-l |-0| aHOH Eolﬂlj _Z'i m

et S 3tk A4oAl= Vine Copula B3 0185t 9)& 128 Brielal
AEHo)dE 5 T VaRE AHESt §- o1& T VaRe} Hlarsio] 43 vlx]
g A5 gollAe £ 7] 8 W8S 2okt A B ¥ AT AR

1 AollAl= ESfE AL A By FES ASAREY, AREE, 7R, Rl
, 0] 4719] FEOo & RS, Y] By F5 £ojdo] 913o] izt vhisr 2dE RS
T2} gk, ohsk AgHEEE Copula $=E o]-85to] HPskal 5= It Cherubini et
al. 2004). Copula 232 ST 110] &S AdR A2 HHgslo] oE 125
W W5=0] SRERel Hefolo] EAF 4= itk Aol itk I FolAE Vine
Copulats BE 719] o&/do] B4 9ol &xpd o g 1 o9&y Fx3lolo] 34
7FssHAl dh= 57l qdrt.

i)

1. Vine Copula

o

s}
2] o]2o] HPGEAHSchweizer 1991). Sklar F2]= CopulaZl ZgEETRI] O]
AHEEIGT} FHARET ST S FoAH T Copula® €4 7Fssh, 1384
HEE o= Y3 5 Copula® EE 7Fsdth= Zlo|tiJaworski et al. 2010). 2

FRIEIAF Fla,y) = C(F (2), Fy(y)E 2 TALEZL} Copula T 2 &
gJsto], A=t Copulatte] X & ¥V Ato]9] Z3H(Association)s A= 847} Hrt
% Copula= FE HAE=(i= 7 ) ZF SHARES] S 2 Feet 2ot
2, FErE 5o 2R E HHcks IRkl B0 R & s RS &
At o]H3t o]FE Copular &3 (Dependence function)gtal E&7]% it}
wEbA] AR SES SHIFEEER B30k FE4 18-S Copulad] &3 o4

A2

-

Copula® 19599 Sklar(1959)7F Copula®l] i3t F9] U EAS



ojgtal =7k jitt.

Joe(1996)+= Copula % 3F1Q! Vine CopulaE A20= AL, Bedford and
Cooke(2002)2 ol& AlZsksto] Aottt Vine Copulats 4§ Copula 7-%(Pair
Copula Construction; ©J5}, ‘PCC 2} $hE = Bt o] ¥4 7o) Exlst o4
= FAskL 34 7FssHA WHgst] fiote] dolo] WHES 215 Y W Jow
Eofloto] A% B2 E wdyoly]| mjEo|tiTagasovska et al. 2019). Vine Copula &
B9 44 o]&2 Aas et al.(2009) 501l 23f 7iEt=o] & LA k. 71E9] v
& CopulaZt #329] 47 He] i o] o) 25 Whgsfof sh= &6 HlolE ]l
Z-gah= dlofl eA7F 9| WA, Vine Copula® PCC 2@ 2838 of building
blockO & ARES 4= Qli= o]/ Copulal] Algte] i}, wehA] thAsF £322} Copula
£ o F s 8 4= AL 1™ 9moflA] Vine CopulaZt sl & 4= Q1
oF. 9hH, 9] /o] H5T 4= lth= ©ol Atk

Vine Copula©4] thi= £35S £oiet t= thig U 38 207 2359

FHo=Z AHsto] Edl(Recursive decomposition)8t}. 48 Copula £3ll(Pair Copula

T

.

Decomposition; ©[8}, ‘PCD’'gt 8h= W< 4, 4,4y, -, 4, 2] S WEg= f.of oist
Addees 208 Exds Flale,, o2 )% Flole,, o x, )0 Higt %

Copula W= ¢, 5, (- )2 Edfsks 2 L9tk PCD= FEUHH(Vine
tree) VAT HEE= BYF fle FAHES 7, d49 AE U(Nested
trees)2] YA =E A58 4= i}, IR E T 7IA 2 UHEH|, Drawable Vine tree
(oI5, ‘D-Vine tree'gt ghe= B HAHEO] 1704 2709 AZ24S 7HA|1, Canonical
Vine tree(°]3}, ‘C-Vine tree' 2t )= S HAH sh7t 2] A4S 7= +
zolr}. & ALollA= Bedford®?} Cookeo] ATt D-Vine trees ARESITY.

AREAEY, YRS, A7 HY, AT 7+ F5(i)2] Esj A sl SEHS
O] =SS o, 2L ofal ZZto]| it i SEUEg Tt f (o) 2l oA} ohHsF 2

s
—(;)—:]"E“_@"/l\‘ f(up Ugy Ugy Uy )’11__;. Q“% él (1)37’]’ {:}‘0] Z‘l% —/l\‘ 9,1]_4'

f(xp Loy T3, $4) = fi (xl)fQ ($2)f3 (x3)f4(a:4)0(u1, Ugs Uz, U4)~ 1)



Vine Copula 2801 7|uiet 2afsiaintol £510) S2RIAT 5%

A7|A w; = F ;)= SHF Bxg=old, Cluy, uy, ug, uy) = 4214 Copula &
5 9ulgit}. o] Copula = C-Vine ZE2HE, D-Vine IEeho| wet 22 ok
< 4 (22 4] (3) o= FEEh

C(ul’ Uy, Ug, U4) = Cp (Up Uo )613(u1’ U3)C14 (Ulv U4) 2
X Cospy (U2\1v Uy )CQ4II (u2|1, U4|1)

X Caq19 (Ug)19s Ugpa)s

O(u17 Ugy Ug,y U4) = 012 (Ula UQ)C'Q:; (Uza U3)034 (uga U4) (3)
X Crapy (g gy ) Coypz (g, tyg3)
X Cl4\23<“1\237“4|23>'

A7IA wy; = EU (zz;) e 205 d¥zF F3x35o[cth. Vine Copula: B M
Copula®} HEA| H4E sP42] Y&4122 Ajlohks Zo] ofe}, & M| olE x5 1
et & Ao R Aok M40 W 7o) 94 RHgeit) o] C-Vine Copula
9} D-Vine Copula®] W= Z¥2} (Figure 1)9] 945 19, Q22 T8y} gt

(Figure 1) Tree structure of C-Vine Copula (left) and D-Vine Copula (right)

~ 0096

Tree, ‘ €10 | | Ca3 ‘ | €34 |

Tree b= = Tree
3 3
Tree, Treey
C-Vine Copula D-Vine Copula

D-Vine treel= ¥14:9] 747k 79 W, Zkzke] 27— 17)01A] He) 249] o
A ZHerh 2oIAE This VaR SISES ol8sle] AHHS Z4she WHEe



EYISUT M4 A&
2. CHH VaR

Q]
=

rE

rr

F VaRe 574 A=5E cof tioto] L7171 5912 Fof £A47FsH(the worst
loss)S QJulgtcHJorion 2006). F2450] a(=1—c¢)¥ f ojd XTEE| 7} 714
I = £AMY] VaRe the 4] (492} 2ol FolEtHByun and Song 2021).

P(Loss of Portforlio < VaR)=1—a = c. 4

7IR)9] SFERE TolA B thaat At sig ZEET Q9] 71A|of It SEERE
T G QU0 T FEREFRE f(w) Al 5k AR collA] WU REE L
O] 74 @2 71X — W3l VaRes TS 4] (5)5 WE3i 2 VaRe 714 B29] B9
ZQuantile)o]ct.

c= /joW*f(w )dw. 5)

UHTF VaRe ZEETQ 79 992 ot eAte e 4= Qlo g AHaolei=
o] it} ey ANy BEEA) TEEZE]| 0 ofg HAFE T= off] JES =
StEE, ol2et T T EHO] VaRE T S5 &9 tigt VaR=E URtsket d
87} i

Nappo and Spizzichino(2009)2} Embrechts and Puccetti(2006)= 455k VaR
£ AASIT AgetEUrget O JEFRE MY R [0, 1004 Hod Gof
G= 247 FAE o, o] ¥PHL thHek 513K Lower-Orthant; ©lsh, ‘LO’ 2 H)-VaRQl

VaR (G)9} bz 33K Upper-Orthant; ©I3}, ‘UO'2 $D-VaRel VaR, (G)E 2+
ZF o A 0), (D= o3t

VaR (G) = o{z€R’: G(z)2 o, ©)
VaR,(G) = o{z€R": G(z)2 1-a}. @)



Vine Copula 0] 7[H5t AcHEAS| &51l Saf2lAT =Y m

ol f z € RO 0.4 K3 A 9] BAS olnjgict. $1o] Holof whet Akkel chizk

VaRE2 3P| gho] obde} 240 sigdhe Aol AAEol7] wizel, 244 ol
O] 7% AN F7HY] VaRghke 2h=t. ol siaAe] Golatat 2ddolzhe 71&

O] Y VaR 9 = REAIXITH

T1#)A4 Cousin and Bernardino(2013)= R 9] 3t Al z, = max{z, 0} 59
A gy st 9{zeR?: G(z) 2 o} 9 o9{z€R?: Glz)2 1—-a} S U=
Re 09) 27 FAgto R she] thile VaRE HoJshs WS AXIstct 7A1H
o= welA of WL The} Ptk REPS Fob 1 AEES FE AHE Qo)
X = (X}, -, X))o g §95F oM Lla) = {z=R]: F(z)> a}olxL
L) == {z €R} : Flz) < 1-a} 2 v, o] L LO-VaR9} UO-VaRS 27} o}
2 4] (8), (9= Holshet,

B

ot

VaR (X):= EXIXE 0L(a)] = (EXXE oL(a)], ©®)
(E[dei e aga)J
VaR,(X) == EXIXEoL(a)] = {E[Xlx =S aZ(a)]J. )

ElX,X € 0L(a)]

ek o FREZSE: U FJFFRA(egularity  condition)DS  WEESHH

oL(e) = {z€R}: Flz)=a}lE o S|4 F9 gtolar
oL(a) = {z ERL : Flz) = 1-a}E (1—a) $20042] 72| Fgo] €} o] 7
%, 12 TR VaRel ditt 94 (8), (9E 44 ths 4 (10), (1) o] Apgerd
% 9t
VaR (X) = EXIFy(X) = a] = [E[Xlﬁ(x) = a}j, (10)
EX)F(X) = o]
1) BHEDL Flay, -+, 2,)7F RE/ (0, +,0) 004 F7FeRe polT i = 1, -+, do] disto]

E(X) < o Wi QU]@'Q'(Cousin and Bernardino 2013).



W =228%7 m4d s

VaR,(X) = EXIFy(X) =1 al = [E[Xlz_@((x) =1- alj. 1

E[Xd\?X(X) =1—a]

E5] i VaRE AFZH 0= AEsh| Yeiie tha AlEdeld IS =333tk
Feller®] Limit procedure(Feller 1966)E #-&3l1l AR 859 FHXE AlEH0]
Aspd, 4 (10), (11l Z+ iol diste] ol 4] (12), (13)°] "cKCousin and

Bernardino 2013).

EX|Fy(X) = al =limE[X|a < Fy(X) < at+1/el, (12)

€— o

EIX|Fy(X)=1—a]l=limE[X|1—a—1/e< F¢(X)< 1—al. (13)

€= 00

L
ol
rlu

A € > 0 A WSS FES| 2 2 AT F, Aol AT thie &

2

BN
4z

FOorKE AEH AT A
VaRo[t}. &, eo] ALLE sg 20 WES
olele] 07 ME BFeto] e EPISE = ek o AlPgelds AsAEY

(X7), LEEEH(X,), A7EA(X;), /N XS] EE ESjHEEHS X))ol thsto
kol|4] Z3tAI7] Vine Copula BF O ZHE] k7S A Edo]Adsly, AlEdo]d MEa

B Monte-Carlo 327} Al&do] A thisk
He AlEEoldgto] HojAug, Fadt

HE ok VaRE 793t

Il Xz o 7= 24

E A= HIEA XS] AH| A(Insurance Statistics Consumer Service; INcos)”}
Alsh=(E37E 2022) 20109 11€5E 20209 11€7k4] 1067F AA| £s|=F
ALS] A L &3 ArE ARSRITE EE ESjHE HEA LR Aok A ot
9] ¢ WY& HlolElE oulsl=t, Y sARE SIS = HEY
A=AFAIGAIRIONA et FAlof o8l Se-a=Hol B718 & A&k JFEIlA
S 7jzoz gt of 1 Y olule] 2L Shiol BAUE oIy Axve



Vine Copula Eod()“ 7| EI_ _eoHEo-l |-0| aHOH Eolﬂlj _Z'i m

gl gho 2 AlZ=]7] Wfgol, Aha} g F2zke] RlolE Frote] Fd L Hgts
gt} 123 BEBARIAH| A A Eojd] H7|H97F A ARl £ =Rk
Ex19] gol3t o]siZ 5to] wint A(106KRW) E+= 410] A(109KRW) TR 25t
Epdfich
717te] 1091<1 7] ©lojejo|ng, e &5 dlojejofjA] 7} WE-2] IS AlAT
o} EAAY AHAE7HA4(Consumer Price Index; ©|5}, ‘CPI'E} $HE AF_S
2015919 CPIE 7|%02 7} 9] BVl wigaiA 9 oS 2430t e
=01, BAR A A=< 2015 AHAEZIASE 100012k & v, 20209 1149 CPI
£ 105.45°]t}. 20209 11€¥€9] 7F5A1E 12 AAsHH, 201599 7HSA1E 9F 1.0545
= slo] 20159 Y &l FohaE o 2H BV 9] AlolE A A
BABARIA AL HA LR Al the] 71 Y Eaio HloEE SH, s, &
A5 B, 71%, A9, Aol $8 7IEES, EY, SRy, A7), ARldE, HAR

3, AR, AR R BRslol BTk o] F HlEo] lulgt RaARle A
sk w3k E e Paid 9120207) B BY B3} Bl FBOR 15ai ¥
ARy 9 AUAAGE A 7IkoR Bokg ) Anst Bedsine, i FEES A

2 A2tk £ A7 Yol BY 52 AARY, QY A718E, A

o] 47¢] FEOR HESh|, o] HRE BHATA] EolRY B /RN

9] 202018 THEL. of7]4] QuREHE ARA O BH, o, 83, 71%, A, A,
3, 7|etsE, Ael, sheldngos Taur,

BN WA 7144 AREAS SH SF SHT019)E TR T Lol

BAY SR, SHIRE, ALY, AU P Eofole] 21E Hsto] 7144

0
r°l'

AREAE SHSHON, 2 oA Lsfole] 215 Fele] BAjalc), AukHoR FE
A ) 0] w7, Eofole] 212 Heke A dolHel AT Ik
(Table 1) B#EH2 21daoi(0]5, “Eajoy ofet gl Thet 7125 A%E Lt

Wiet AR slsh 4718, AeldR) 49, Lo BEAA} e e Aow
sol @z sfelo] uliA st &t A WOl BES 27 HoliA) ghe

= &= Uk v, oM, sV, A, A S ofF S5 Edtke SRS A &
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(Table 1) Descriptive statistics of monthly log-losses from four lines of businesses
(unit: log(10°KRW) for min, median, max, mean, and SD)

Line of 1\ | Median | Max | Mean | SD" | cv? | Skew~ | Excess
business ness kurtosis

Cars 6.614 | 6.941 7.300 | 6.957 | 0.131 0.019 | 0.152 -0.448
General | 4.991 6.087 7.029 | 6.092 | 0.322 | 0.053 0.000 1.107
Long
Term
Annuity | 5.522 | 5.925 6.217 5902 | 0.122 | 0.021 | -0.377 0.483

Notes: 1) Standard deviation.
2) Coefficient of variation.

7.663 | 8.143 | 8282 | 8.099 | 0.137 | 0.017 | -1.462 | 1.645

Hr=(Skewness)qi= 2| HIHHE=E Hetll= ARE2H, 1 o] 352 B¢ 9%L
2 FEE B2E 7PAA HolEe] F4o] BF%0 s A9 I B¢ LEXKoR
FEE IS 7HAA HlolE Q] F4o] fFo ' 2|9-A RSk 2& Jr|Ritt (Table
Do By S5E s SHOE 250 Z2E HuHd, AFAEY] F9- 08
% wet FER P, LREF 9 FHe oY, AR AAATY] B 9Fe
2 WL FEE FHE ERArh A Eef, 2Rt vl wsiyl w AFs Ak A
S A=t o A0, ARk o] Fe- Frert A9 Zar, 7 EEHT AAATY] B A
=7hH At

H=(Kurtosis)= 20| FFEE Hehlle AE2H, 1 glo] 300 7R3 s
ofl 7P4aL, 35T S s Fo] BESHL Hej7h gk fazo]w, 3K} 2o,
H AR ET S SRSt 1ejt 4uket B g eI (Table 1)9] 29Hd%E
(Excess kurtosis)& A&, AFgAE AT} 7HAAT2] B¢ 2L N FFHTE

7F AEEet 27 Ape|UA] b= Wi AHtET 7| He o] B SYUT I B2

SHH, B e A 240] oA flen e HYFE 7t oy 2o of

3 AwE davt Stk ofF BEe S5 &S Aelel Vied datle gl



Vine Copula 280]| 7[5t A5HESIAO| A5H ESRIAT =X m

tau(Kendall's tau)@@ 710 E23(Chi-plot)& Bl £4T 4= it o] &2 3 Eofof
A TR ZF=0] Ao st 225 YER7] Yol 55 ARS-HTHCherubini 2004).
(Table 2)= B3 ZEE Ajo|9] AL tauikS YERATE 70AES AQst 25,

= AFARY, DAY, PIRFS AR HD ABBAS 7 W, AjIdEs
B B 2 209 ATWAS s RS B 4 Ut AIFE wTPE I
o 9 7RE AN AFalr] 919 Feke A4 i A49E 42 ) e

)
o,

of, e BRI o] WOl AKLIET) WHH(IEAEE, 3718E)

F2 e Ao HHT 5 ek

(Table 2) Kendall's tau coefficients between four insurance lines’ monthly
log-losses and their p—values (in parenthesis)

ng gl Cars General LongTerm Annuity
business

Cars 1 0.3408 0.6325 -0.1928

(0.0001) (0.0001) (0.0017)

General ~ 1 0.3430 -0.0212

(€0.0001) (0.7301)

~ _ -0.1603

LongTerm 1 (0.0091)
Annuity - - - 1

ALY tau ghol
2 IAS Nz o g YeRd) (Figure 2)= Y| 7F
T}, 7lo|E20] 7fE &l AL 231

B, A7 ghe 2 W9l SOk 2 ghEe] TR0l 4k Wl F9lurt
22 Zke) 310]ckFisher and Switzer 1985). AlR%31 y = 72%0] dlole] Aol
o] T 4 71 S UERick. T 47} o] 4Tho] ke mhs o] g2, 29
o] ke T 9] g gtk BEX|To] e oz 0 7o £t
(v = 0) 3 014 = 97} S oleka shE 4+ QIeKah gt $45 2019).
(Figure 2)0] Lhehll B 35 719] 7ol SRL A, AFAE G F7]2F 4

ol TR el

Hel S5 9] e 9 Ao R Ueiis

BEgksol FHH

SHEAE

B2 SYrERE 7L B

2] 3] &5

R, 71olE%
= o1 7]'4 7]0]2)\& qu*r‘
V2R A2l e

A £3] F950] 7Phe A
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ol ¥ 52 & 4 AUt ASAE AT ARtEY Afo], URIEAT A7) HY Afol= HiF-
w9 Hlolg oA (=1 < A < 1) FH AHBAE 7Y, EF A = —1
E= A= 1)9] SHARL HolH = EAste] BlAdgH AAEAE 7RI 2L 9ol 7
T B HASE IH AR B5gke] A0l we o g, 29 A 22
A WAV EAE BES HAn A€ S0, ARSAEAT I, A71EE

AQIAF Ao] & A9, AL B2z TIAE EYHQ BAS 52 Hole] S5

(Figure 2) Chi-plot of log-losses between different insurance lines. A (horizontal
axis) is the lambda-statistics and x (vertical axis) is the chi-statistics

Cars & General Cars & LongTerm Cars & Annuity
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w | ] W
[=] [=]
o _|E&Tos T T = o @ o oo |
= a1 ____________] = a1 __ o ____] S = M |
2] [T+] [T+]
= = =<7
o | o | a |
w T T T T T T K T T T
05 0.0 05 1.0 05 00 05 -1.0 05 0.0 05 1.0
i & )
General & LongTerm General & Annuity LongTerm & Annuity
o o o
o | a a |
(=} (=} (=}
o _[gemeT T T TTOw o g, TOET iy i e o _|[@7 v T e T T
Ead = Ead A - M Ead S | _ %L o =y o o
(s} wy
<7 T <7
o | = | =2 ]
- T T T A T T T A T T T

-0s 00 05 10 -1.0 05 0.0 05 1.0 -1.0 05 00 05 10

i i I3



Vine Copula @30 7|2tst AafzAle) A5 Seeiaa =5 [N
IV. Vine Copula £l 29| CHHZF VaR E4

1. e FHEL X

o

£ Hojx= A 47] BE 50| L &5 FHEE(Marginal distribution)©]l o
stof ohfst ey BEPE ZN(fi X1t (Table 3)-2 7+ By F50f| tfsf Weibull,
normal, log-normal, gamma, logistic, normal-inverse Gaussian w*%& 235}
T3t AIC(Akaike Information Criterion)#t 232 YeRATE AICY] gfo] Z25E 9
3 2o Aert otrial AT 4 Sl 24 B SEER 7P Aet 2ERg
< o Fell F2 A= eI

ofl

(Table 3) AICs of models fitted to four marginal distributions of the following
insurance lines: Cars, General, LongTerm, and Annuity, respectively. The
numbers in bold indicate the best-fit distribution model

Distribution Cars General LongTerm Annuity
Weibull 1559.06 1573.92 1777.23 1274.57
Normal 1543.57 1572.60 1803.58 1263.03

Log-normal 1538.58 1546.38 1824.83 1265.55
Gamma 1539.66 1549.60 1817.12 1264.04
Logistic 1547.61 1556.43 1795.72 1261.75

NIG 1541.81 1544.55 1773.66

(Figure 3y 7} B9 $80] 22 AgEuo] et Q-Q H£S Lrehiir, AICHo]
7V Ape Baro] thsto] Y Bme} A3 AL duh} APIEAIS Az O HolE
o} 47159S Al AR O A FEe] et Aol APwrt we
Holr], Qb v} Ffeleise] 49 AFHEst Wol Al F7bo] U EAfakct,
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(Figure 3) Q-Q plot of fitted marginal models
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2. C{tH2F D-Vine Copula & Xt

4709 B9 FE(1: ASAEY, 20 GREEY, 3: A7EY, 4 /HIA) Q] ths S
< D-Vine Copula®l] Z§3t 235 (Table 4)9} (Figure 4)°f YERHILE. C-Vine
Copula®] ¢ #2]==(Root node)°]] T2 LE HAFES AZ A2 &S 71
= TEEA, s AdEE HAFSES SA R B HESEEO] o& 7T AT
HhH, D-Vine Copula®] 749- 3 A2 ol 2719 ABAEE 7= 7224, B 1
AZE=O] 17l 2719t HEFET 7= ofE 727 AT SoiE AR HS=
S°0] M= F55H FEsle] EREERE, B4 HdSES $YAoR AHsk= C-Vine
Copula Z@HT} B BASES 55514 B3z D-Vine Copula 230| HFEFE=2]
OJEALzo| ¢ Agoltt. &% A3} A] R package ‘CDVineCopulaConditional & At
gold, g #FIxe] Hio] wEiBevacqua 2017a) WHFRE= BIC(Bayesian
Information Criterion), % Copula 7-%+= AIC(Akaike Information Criterion)& 7%

o7 AESt
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(Table 4) Fitted results of D-Vine Copula models for multivariate log-losses

Tree Edge Copula family Parameter1 Parameter2 Tau
1 3,4 t -0.33 2.00 -0.21
1,3 BB8 6.00 0.81 0.61

5 2,1 t 0.52 2.85 0.35
1,4;3 F -0.31 0.00 -0.03
2,3;1 SBB8 1.86 0.82 0.19
3 2,4,1,3 Tawn2_270 -20.00 0.03 -0.03

(Figure 4) Tree structure of D-Vine Copula models fitted to multivariate

log-losses
Lo ng
e L. M
BB8
Tree, €13 034
| I |
SBB8 E
T?"883 €231 C1413
T?"8€4_ Tawn2 270
C24113
D-Vine Copula

(Table 5)+= & 1217 €%=2] <=5l Hlo|ejof| thsf| 5-fold cross validations 43
5o A2 D-Vine Copula 2E9] 2215 Uepditt. B 372 g 2] H/dE eRish|
Lol Aol W © 2= HdAlEL2*HRoot Mean Square Error; ©|5}, ‘RMSE &}
3He} HHAFAAI 22xHRoot Mean Square Relative Error; ©|5}, ‘RMSRE & $H7} £
ARttt RMSE g4 2H9 o529k AR Y 2lolE e v 2 ARSSh= A3 Bt
HESHE 9 2022), HlolEo] o gAI7F EASHAY A1) 29| vt R /o] AT 7
-+ RMSRE #k2 7|REe2 3= oS e ARSI A 2 2] 2015). HFAIZ1 D-Vine
Copula 23] RMSRE= 0.20~0.35 At0]9] g5 7HAM, 2@ 9 diSgke] vlsh Ah4]
o7 A7} A ¢t} o]7|ARE] Copula: EWHSH Aol ¢l 3 D-Vine CopulaZ
oufsh= A0 gt
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(Table 5) 5-fold cross validation results of D-Vine Copula model
(unit: 109KRW except for RMSRE)

o Data set
Statistic
1-fold 2-fold 3-fold 4—fold 5-fold

Mean of
predicted 1146.29 1281.39 1327.11 1362.57 1329.59
values

Mean of 107907 | 126036 | 134618 | 148665 | 135491

actual values

RMSEY 155.53 214.76 147.27 334.51 249.52
RMSRE? 0.30 0.20 0.21 0.35 0.27

Notes: 1) Root mean square error.
2) Root mean square relative error.

=

Bevacqua et al.(2017b)9] ¥ag}ES wt oh¥i=F D-Vine Copula ZPCE2HE
1,000,000719] SEF (uy, uy, ug, uy ) E TH FEITE AFEE o= {0.95, 0.99,
0.995} & st AtE A7gsto] EAohH, QoA B2 (uy, uy, uy, u,) AlEHCIA
w5 AR A=) AARE 22D 9ol sigohs thHE SEH] guks
E30}. thHEF VaR AARS] 24 e 0.1%p= A4, £ Atollxe LO-VaRe}
UO-VaR & LO-VaRE o]-83lth.

U VaRE F45P7] Hdide 24Xl Copula o2 HE ol8Rith
(Table 6)°14 (Table 8)7I*x= 22} A=< 0.95, 0.99, 0.9950014 743t 7iE &
& 2329] VaRgl(elsl, ‘uVaR o]z} ehat HEFE 719] o2 aleislo] AR=%t v
& Copula AlEd|0]149] VaR #EZHOIs} ‘mVaR ol2} D& B SHEE Yepdch
7} 3of] LA mVaR @42 A= AR Q3RS Woll &3t Alue] e ghE2] Bt
(Mean) = £95(Median) 02 MESISHe] 282 mVaR_mean, mVaR_median

o= yERfglct.
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(Table 6) VaR estimates from a univariate VaR model (uVaR) and two
multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 95%

confidence level
(unit: 10°KRW)

VaR estimate
Type of VaR
Cars General LongTerm Annuity
uVaR 1302.664 749.355 3848.675 441.065
mVaR_mean 1426.871 914.615 3998.578 481.750
mVaR_median 1430.612 887.427 3992.519 475.720

(Table 7) VaR estimates from a univariate VaR model (uVaR) and two
multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 99%
confidence level

(unit: 10°KRW)

VaR estimate
Type of VaR Cars General LongTerm Annuity
uVaR 1424.010 932.440 4001.203 481.577
mVaR_mean 1573.784 1171.454 4105.854 516.927
mVaR_median 1556.861 1151.494 4099.413 510.319

(Table 8) VaR estimates from a univariate VaR model (uVaR) and two

multivariate Copula VaR models (mVaR_mean and mVaR_median) with a 99.5%
confidence level
(unit: 10°KRW)

VaR estimate
Type of VaR :
Cars General LongTerm Annuity
uVaR 1471.205 1010.122 4052.234 498.712
mVaR_mean 1589.007 1213.293 4159.653 542.861
mVaR_median 1586.399 1176.504 4147.861 537.957
(Figure 5)= Zt AIZI5<E ¢, {0.95, 0.99, 0.9951014 &78% Y] 7H4] Y F&52

mVaR%} uVaR Afo]9] Ajol&
9, P VaR A=)

st o2 HojErh A2 0= WolAH, 4lg|a
HEZ JiE AR VaRel Vine Copulag o]-83F thHEF VaR

ZFe] Aol(‘mVaR - uVaR)E AABH}. oA & 4= Q= AR AH), AE452d,
ASpEEE OEAS Tt el A5 ghat ek Qe SATL gk Alolo] Wk Kol
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7F AT AQld, Ao E wokbd 471 HESE BFolA B HelEdEate] of
/9S HHdet Q] thT VaR AlEdle] Ao g 4RERt gi{mVaR)e] 718 VaR(uVaR)
Hoh ¢ 52 f23%S AXRTHmVaR-uVaR7b 2 3 7. Cousin and
Bernardino= thi&F LO-VaRQl mVaR7} uVaREtH § B-AQ(H )& HoFds=
g, ole}t getdol = Axtolnt.

A, AFAEY, dEEY, FA7|HE ol vl 7HlAF] A=HE Aol
(mVaR-uVaR)7} &t} SpA[gt o= 7iQldae] &89 7] AA7F 22 Zo)A vl
AL &= Qlet. A, thHs VaRe] 74 AR R P AR dIAIZ AlG
e 9 =942 5F thHFF VaR(mVaR _median)7l Hd#o= 5+ chdz
VaR(mVaR_mean)2th uVaRete] Zfo|7} o At} dutzo g gt SAFE S9E
O =)o B 2 S 7] gEQ] Ao g Held,

ook
1o
th

(Figure 5) Difference between mVaR_mean and uVaR (‘copu.mean - indiv’) &
difference between mVaR_median and uVaR (‘copu.median - indiv’), all of
which are evaluated for the following aggregated lines of businesses (c is a
significance level): Cars, General, LongTerm, and Annuity.

(unit: 10°KRW)

120
|

150

100
1

100
80
1

M copu.mean - indiv W copu.mean - indiv
O copu.median - indiv O copu.median - indiv

= |
&
B copu.mean - indiv
O copu.median - indiv
o

Cars  General LongTerm Annuity Cars  General LongTerm Annuity Cars  General LongTerm Annuity

c = 0.95% c = 0.99% ¢ = 0.995%
Note: Blue bar represents the value of ‘Copula VaR (mean) - individual VaR (.e.,
‘mVaR_mean - uVaR’). Gray bar represents the value of ‘Copula VaR (median) -
individual VaR’ (i.e., ‘mVaR_median - uVaR’).
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(Table 92} (Figure 6)+= Y| HHEES 5 -2 A4 £5H9] VaRE H7IRt 23t
E AR Uehdth H|nE ffsto] EA-FEAE VaR(elst, ‘VCovVaR o2t 3hE
F7Fq o= wrfsto] Uehfigliet], o] WAl thigk Eofjie] Exrt AiEns wEct
7P o st HPHo e of7]A] TR 4 Qe AR thaat 2t 3, Copula
mygos 7b B9l o FxE WSt s VaRe] BiEAd ER9 gHelst
‘AmVaR °[g} 9h)o] 7F F31, RS PR 244 VaR Uil VCovVaR2] o]
7P Ak, 7 BRFERS] &afd 7 S 1efehA] 2l 7 VaRghs Tt 2
B9] ZHelsl, ‘SuVaR ol 32 AR 11 & Afe]9] A71E 2=t BA, F2 A=
(95%)°1 vl = A12]=(99.5%)0lA WHEE AnHE9] A7t ATt A, AlEo]
59| SR ARET TS VaR 4RHelsE ‘AmVaR_median’ ]2}t $HE ot B9
CHAZF VaR H4kgHels}, "AmVaR_mean'©]2} 3ho] tha Fth ofi= H2lEar} -59f of
ot FELR WS 7HE Frefgith

olF TYoHH, ¥ RBCY VCovVaR AR AR A S HAB7H 7154
o] 9lom, thizk 513t AmVaR WHAjo] tha B4 0 2 =7 913 245 qt A4 9
EZ2E ¢ & WolE R ol HIF QA 12T P eUt Qe AR

I
-

Hd

(Table 9) Aggregated risk differed by risk measures
(unit: 10°KRW)

: Aggregated Aggregated
Cardece | ST | S | Conis o by | Copie Ve o
VaR (SuVaR) (VCowVaR) (AmVaR_mean) (AmVaR_median)
95% 6311.206 6324.298 6821.814 6786.278
99% 6881.290 6533.849 7368.019 7318.087
99.5% 7124.671 6675.437 7504.814 7448.721

olgfet A= HATE It HIAFH 4TS AT 5 U= AmVaR7F 58S 7
Zgoh= SuVaRou A3 4 S 7Pgohe EA-3EAE VCovVaR B 8HS
o] =7 B7RIE e Hojert 2 d-tollA ARESt Vine Copula B30 Ao}
A2 A Alekol] Fol%hs VCovVaR BT ¥ 719 o) 12E T {dsHA|

r+



HIoIZ 4= QIeRe oA AR BRI o shgekn B % gk webd] 4RHo B
Ak BULYATE ZHT W, A7} 83K A A 7 JTA] thol A0,

2 4] ofele HTHEE 7150] 287 5e} Vine Copuladh 2°] & © 49 2
W2 ugo R et HEH Y A0S AT Bavt ok

(Figure 6) Risk aggregated by different risk measures with the following three
significance levels: 95%, 99%, and 99.5% (from left to right). Horizontal axis is
a significance level and vertical axis is aggregate risk

(unit: 10°KRW)
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EgeAa Wrlolat 974 RBC 29 BRSIAY ZHXIet weide] Qld(@.

#4014 2015), RBC Hl&] Beela B7loo] ufe} gepx)7] wiolch, Aaels
oM B FE 2lAT 710 oEAS Wi ) st TS 7Pgel] W] S

o] mHERE FSotA BH7Iol7] olfth= AI™o] Atk A& 0], o3 =A4E
(2012)7 4=+ 0]4-8(2015)2 RBC HE AF& A] 39 HE71o] AP A AAS 71
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S} Pearson AHAIGREE S 0]-835to] RBCEES A3t} K-1CS #ER P9 F= A
Fog7|EFAoM EHAFHNS AET o, S QRS AES & AR S

AT o 2 SEI9IR 2He] AR S RHgste] IRt (a8 2021).

Vine Copula 2&0]| 7|8tk

%)

H

A3t JEARE ATH o R B £ Zo] §I7] wiZol|, AR EAfcks HEARE vt
o= thpo] HFE 7o) &S 4gs] dlelsto] B AaE HAYY Qv
Bolut IFRS17 3A7IElA AL
ojAY HFA] tiflAl e d

THAIS] sk Qlsf HARe] SRk A SAof tigt ¥l IR EAL = AolA
ZlAF 7Ho] ARAAES 13T 4= )= Copula @2 A& o2 J-8351t} Copula &
S5 o]8sto] F8 A HHTAE ST A 7120] EAH, £l EFAL &5

Hojl Copula HFE& AL 4= 15 Jo]3lct. o]F3]-o]g€(2017)°] Vine
Copula® ol-&sto] 237} FH F2o] A Ad, A8e|Ad, FPRATE FAlshe

AT-E YL v7F 71 S BES ol et A7t of T 73] HlolElE AR

‘ﬁ
=
N
ol
jﬂ

|

Ol

e

£ A7 522 Copula IE 8ol B = 719] 924 S 7|1E AP+
o o fdoHA et EojEEANe] & B AT ES thHRF VaRE B9l £79)
Zolt. whA £ajEEAre] 1087 € 51 Ho]E|2 Vine Copula 28-S 37d5t
o] g2k, Guk, A7), /HAAF 5 719] o9& PR E melet &, AlgHol4de Bl 4
7129] o= VaRE Brbelolch 1 Ad, B BEEEIe] 9g24e nEd
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& A £ASNTS A1 7K5go] S0P, TEF AmVaR FAL AT

= QA mefet Wavt it

B A7 BYAIE ARAQl v AQEEoR MR Wil A2 v 29
HEEIERE ol tha A7 28tk REsiAfe] A4 BeAckomRY 229
EARE Beslo] SRS AU Aol Was 7zoe thid 99e WokithE

2 Zlolth. 244 Copula 2@ 7[¥F VaR 59| 544 2] 9
ZHolojA, Aok 23 9 Copula 2] Bof| whe} VaR B714o] M 4= Qltk=
Aol foj 227} it 183l & =RojA= C-Vine CopulaZ} 283 HYg|AT
eke] Helet C-Vine Copula A S AT 2782 A&k Zo] 9nl7t 3= Ao
H, & A7 VaRE &Rt CTE 5 tet gaaseas H9go] o 27t
o GA Uefh=A]o] tisiA = 248 & 287} Qlet
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Abstract

In measuring the aggregated risk of an insurer's losses, we should consider
the risks from individual lines of business and the dependence structure among
them. The well-known methodologies to measure the aggregated risk of losses
include i) the factor method multiplying the losses by their risk factors and
combining them with correlation coefficients, and ii) the shock method
measuring changes in expected losses due to shocks to risk drivers. However,
this study analyzes the aggregated risk by modeling dependence among
insurance risks via a vine copula function. We collected monthly loss data -
categorized into four business lines - from non-life insurers in Korea, then
estimated a simple sum of univariate value-at-risk (uVaR) called SuVaR and an
aggregated copula-based multivariate value-at-risk (mVaR) called AmVaR. The
result shows that mVaR estimates are greater than uVaR estimates, which
assume independence among business lines. It implies that the copula model is
more suitable than the univariate model for measuring integrated risk since it
reflects the dependence structure more flexibly. Also, the AmVar estimate is
the largest, the variance-covariance VaR is the smallest, and the SuVaR lies
between them. The differences in aggregate losses over different methodologies

increase, as the confidence level changes from low to high.

% Key words: Integrated Risk Measurement, Vine Copula, Multivariate VaR,

Non-Life Insurance, Aggregate Losses
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. Introduction

Since the implementation of the Patient Protection and Affordable Care
Act(ACA), the number of uninsured individuals has been dramatically reduced.
However, twenty-six million people, or eight percent of the entire population,
still do not possess any health insurance in 2019(Keiser-Starkey and Lisa
2020). The ACA, signed into law by president Barak Obama in March 2010
includes a series of reforms regarding health and social welfare policy.?) The
consequences of being uninsured are well documented. As compared to those
who have health insurance, the uninsured are more likely to go without
needed medical care or receive lower quality care, and thereby experience
worse health outcomes(Ayanian et al. 2000; Ayanian et al. 1993; Hadley, 2003;
Osteen et al. 1994; Roetzheim et al. 1999). Lacking health insurance poses a
serious financial threat to people, who are often at risk of incurring a larger
burden of debt from accrued medical expenses(Himmelstein et al. 2005). Once
the elderly individuals over the age of 65 were covered by Medicare, the health
of the previously uninsured individuals improved significantly. By the age of
70, health differences, which refers to different probability of illness, injury, or
mortality between uninsured and insured were reduced by half, emphasizing
the importance of having access to health care services(McWilliams et al.
2017; Quesnel-Vallee 2004).

The mechanisms by which health insurance affects health outcomes are

1) One of the primary goal is to expand health insurance coverage to uninsured
individuals. The ACA provides consumers with the right to purchase insurance
coverage whenever they need it. Further, the ACA extends health insurance
coverage by expanding Medicaid, which insures individuals in households with
incomes up to 138% of federal poverty levels. In addition, health insurance
coverage was expanded by allowing young adults to remain on their parents’
insurance plans until their 26™ birthday(Lee 2018).
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diverse. First, easy access to health care and preventive care services is more
likely to prevent and treat disease which can influence health. Medical
interventions, such as medications and treatments, are clearly beneficial for
health status(Sommers et al. 2012; Sommers et al. 2014). Second, health
outcomes can improve with changes in behavioral risk factors which arise
from the utilization of health care services, as individuals who regularly
engage with these services learn how to improve and maintain their health
status from their medical professionals(Dave and Kaestner 2009; Zweifel and
Manning 2000). Improvement in health status from these processes can be
implemented in the long-run perspective. On the other hand, the individual's
health status can improve merely from the use of health care services which in
turn provides the mental security of managing health. Within this context,
health insurance plays an important role by providing easier access to health
care services which will strengthen individuals' assurance in their
health-managing ability. This confidence in effectively managing one's own
health possibly may lead to a positive effect on self-rated health. Whether
being covered by health insurance immediately affects health status needs to
be considered empirically.

To shed light on these questions, I use the Medicare eligibility age of 65 as
an exogenous shock to examine whether obtaining health insurance
influences self-rated health shortly after turning the age of 65. Limiting the
sample to those who have no private health insruance before and after the age
of 65, T also focus on the causal effect of obtaining Medicare. Second, I
examine the effect of health insurance on the utilization of type of access
(health care and preventive care) as potential mechanism for improving
self-rated health. I use the National Health Interview Survey(NHIS) to test

above questions. The main objective of the NHIS is to monitor the health of
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the United States population through the collection and analysis of data on a
broad range of health topics.

This study makes an innovative contribution to the literature. I provide the
first evidence of an effect of obtaining Medicare on self-rated health using RD
research design. Estimating the effect of health insurance on self-rated health
is empirically challenging, as the unobserved individual characteristics which
influence self-rated health may also affect health insurance status. To address
this endogeneity, I use the fact that all elderly individuals who reach the age of
65 are eligible for Medicare, and then I use the Medicare eligibility age of 65
as the cutoff value in a regression discontinuity design. I consider differences
in self-rated health among the elderly people who are newly covered by the

Medicare in a narrow margin around the age of 65.

Il. Literature Review

A large amount of empirical studies has considered the relationship between
health insurance and health outcomes. Previous studies have argued that
health insurance is associated with the utilization of health care services. By
using public health policies that led to exogenous variation in insurance
coverage, such as implementation of the Affordable Care Act, Medicare, and
Medicaid expansion, researchers found that obtaining health insurance
increased health care services, including both inpatient and outpatient
treatments(Anderson et al. 2012; Antwi et al. 2015; Card et al. 2008; Dafny and
Gruber 2005; Finkelstein et al. 2012).

However, results on the health effects of health insurance are mixed.

Sommers et al. (2012) used a difference-in-differences(DD) design to study
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general Medicaid expansions in three states, and they found large mortality
gains in New York, positive but insignificant gains in Arizona, and higher
mortality in Maine. Sommers and other colleagues(2014) found large mortality
gains in Massachusetts following its health insurance expansion in 2007. On
the other hand, in the Oregon randomized health insurance experiment which
also looked at the effect of Medicaid expansion, there were small, statistically
insignificant short-term effects on mortality and other measures of health
status(Allen et al. 2013; Finkelstein et al. 2012). Card et al. (2008) and
Finkelstein and McKnight (2008) exploited the discontinuity in health
insurance coverage at the age of 65, when all U.S. citizens and permanent
residents become Medicare-eligible, in order to assess the impact of health
insurance on mortality, but results showed that neither group of researchers
found evidence of a decline in overall mortality at age 65. In general,
improved mortality from obtaining health insurance is reflected over the
long-term, whereas most researchers on the subject only took the short-term
effects of health insurance coverage on mortality into consideration. Thus,
despite a large volume of previous studies to find an increase in health care
and preventive care services by health insurance, results on health-related
outcomes are limited.

On the other hand, other strand of research found that uninsured cancer
patients usually have poorer outcomes and are more likely to die prematurely
than individuals with insurance because of delayed diagnosis(Lee-Feldstein et al.
2000). Uninsured individuals with chronic disease are less likely to receive
appropriate health care services than individuals with health insurance(Institute
of Medicine 2002). Fasier access to health care services caused by health
insurance may improve health outcomes. Previous studies found that when a

lack of health insurance was associated with not receiving preventive services
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or screenings, this often lead to delays in disease diagnosis and poor health
outcomes(Baker et al. 2001; Goldman et al. 2001). In addition to the long-run
mechanism by which health insurance affects health outcomes through access
to health care services, health insurance can have an immediate impact on
health status, such as self-rated health. I estimate the effect of health
insurance on self-rated health. Self-rated health can improve with medical
treatment, including medication, but the ability to use health care itself may

also provide the chance to improve health.

lll. Data

I obtain information on health care services and self-rated health from the
NHIS data. Estimating the impact of Medicare on health status requires
detailed measures of health insurance status, and the NHIS contains questions
on insurance status which confirm whether respondents are covered by
public(i.e., Medicare or Medicaid) or private health insurances. The NHIS also
has a series of subsets: Family, Person, and Sample Adult data files. I merge
Sample Adult data with Family, and Person data files.

The primary sample in this analysis consists of older and elderly adults who
were between the ages of 60 and 69, and the sample period ranges from 2004
to 2013 for 10 years. I cut the data off at 2014, as it was in the beginning of
that year that the Affordable Care Act required individuals to have health
insurance or pay a potential penalty. Along with this individual requirement,
insurers were barred from refusing to sell insurance to individuals with
preexisting conditions, including mental illnesses and substance abuse

disorders. As a result, the proportion of the population who had no health
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insurance was dramatically reduced to 10.4% in 2014. To prevent it from
influencing the behavior of the elderly before the age of 65, I use the sample
during the periods leading up to 2013.

To focus on the causal effect of obtaining Medicare, I also limit the sample
to those who have no private insurance before and after the age of 65. As a
result, I focus on the effect of being covered by Medicare. Private insurance
can be provided to cover a range of out-of-pocket expenses not covered by
Medicare(Part A and Part B). In 2016, eight in ten beneficiaries in Medicare
had some types of supplemental insurance, such as employer-sponsored
insurance, Medigap, and Medicare Advantage which offer standardized
benefits along with Medicare and are sold by private insurance companies.
However, about 19 percentage in traditional Medicare had no source of
supplemental coverage(Cubanski et al. 2018). The multiple coverage rises at
the age of 65 and that increase is concentrated on better educated or higher
income individuals. Therefore those who are without private health insurance
before the age of 65 are comparable with those who have only traditional
Medicare after the age of 65.

One of the key variables for this study is health insurance status. The
relevant question asks whether the respondents have any type of health
insurance at the time of the interview(private, Medicare, Medicaid or any
other coverage). This variable, Insurance, is a dummy variable that equals 1 if
the respondent reports having any health insurance, and O if the respondent
does not report having any health insurance.

I also focus on self-rated health as the measure of health status, as it is
widely used as a reliable measurement of overall health status and as a
significant independent predictor of morbidity, development of disability and

mortality(DeSalvo et al. 2010; Benyamini et al. 2003).
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Turning to outcome variables, I use three types of outcome variables: health
outcome, health care service, and preventive care. A variable for health
outcome focuses on self-rated health, and the data is gathered from a
question for self-rated health, which asks respondents to rate their health as
“excellent, very good, good, fair, or poor.” I construct a dummy variable that is
equal to 1 if their health are excellent or very good, and 0 otherwise.

Questions regarding health care service centered around four main
questions. The first(second) asks whether the respondent has seen or talked to
a health professional(a medical specialist) within the past 12 months. The
third asks whether respondents were hospitalized overnight at any point
during the past 12 months. The last question asks whether respondents had
any surgery in the past 12 months. I also use questions about preventive care.
The first question asks the respondent whether they had met a general doctor
in two weeks. Though general doctors treat both acute and chronic illnesses,
they focus on preventive care and health education for patients, supporting
the role of medical specialists or health professionals. Measures for preventive
care also include whether respondents had received a flu-shot and testing for
their regular cholesterol or blood pressure in the past 12 months.

Age in months is the key variable in this research, and throughout the
analysis, I limit analysis to individuals who were within around 60 months of
their 65th birthdays. This variable enables me to use the regression
discontinuity(RD) research design based on the knowledge of the rule which

determines health insurance status in this population.
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IV. Descriptive Statistics

The analysis in this study is based on the National Health Interview Survey
data from the period between 2004 and 2013. The sample data set includes
demographic characteristics and outcome variables. Demographic variables
are as follows: age-in-months, gender, race, educational attainments,
employment status, and insurance status. Outcome variables consists of three

groups: health care services, preventive care services, and self-rated health.

(Table 1) Descriptive statistics for variables at baseline
(National Health Interview Survey 2004~2013)

Male
Before Age 65 After Age 65
) 2
A. Demographics
. 3504 4279
Married [4771] [.4948]
5388 5398
Gender 4985 [.4985]
. 4709 4917
White [.4992] [.5000]
. 6454 0693
High school graduate [.4784] [.4705]
2451 1765
Employed [.4302] [.3813]
' 2213 5781
Retirement [4152] [.4939]
Insured 6138 g
[.4869] [.1787]
B. Outcomes
_ 2745 2826
Health Professional [4463] [.4503]
) - 3391 .3834
Medical Specialist [.4734] [.4863]
Inpatient 1373 By
P [3442] 3348
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rgery [.3531] [.3792]

7175 7945

General Doctor [.4503] [.4041]
) 4087 5216
Flu-shot [.4916] [.4996]
7324 8276

Cholesterol [ 4428] [.3778]
8390 9024

Blood Pressure (36761 [.2969]
2744 3771

Self-Rated Health [4462] [.4847]
Observation 6,010 6,992

Note: All statistics are based on a dataset created by Family, Person, and Sample Adult files
from the NHIS for 2004~2013. Entries in each column are means of variables and
standard errors are in brackets. Variables are as follows: Married variable indicates
whether the respondent currently has been married. Gender variable is a dummy
variable that equals 1 if a respondent are a male. White is a dummy variable that
equals 1 if the respondent reports white as a racial ethnicity. High School Graduate
variable is an indicator variable that is equal to 1 if respondents are high school
graduates or above. Employed variable is a proportion of those who were working for
pay. Retirement variable is a proportion of those who have been retired at the time of
interview. [nsured is a dummy variable that equals 1 if the respondent reports having
any health insurance. Health professional (Medical specialist or general doctor)
variable shows whether the respondent has been or talked to a health professional
(Medical specialist or General Doctor). Inpatient variable asks whether respondents
have utilized inpatient health care services. Surgery variable asks whether respondents
have taken surgery. Flu-shor variable indicates whether respondent have had a flu
vaccination during the past 12 months. Blood pressure test variable indicates whether
respondents have been told by a doctor or other health professional that they had
high blood pressure. Self-Rated Health is an indicator variable that equals 1 if
respondents evaluated “Excellent” or “Very Good” for their health.

(Table 1) reports summary statistics by age. I divide the sample into two
groups based on the Medicare cutoff age of 65, with one group consisting of
respondents aged 60 to 64, and the other group consisting of those aged 65 to
69. Predictably, the insured proportion increased across the age of 65. After
age 65, those who are covered by Medicare sharply increases from 61.4% to
96.7%.

Panel B presents the sample proportions for health care and preventive care
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services. Across the age of 65, the proportions of health care service
utilization increase for outpatient services. Generally health care services
increase across the age of 65. Contrary to general pattern, inpatient services
decreases after the age of 65. Panel B also reports the mean proportions on all
types of preventive care services. The elderly individuals, on average, increase
their use of all types of preventive care including visit to general doctor,
receiving flu-shot, cholesterol and blood pressure tests, as they approach the
age of 65. As for preventive care, the elderly individuals after the age of 65
tend to generally utilize preventive care services at a higher rate than before
age 65. Finally, the elderly people, on average, report better self-rated health
than respondents under the age of 65. However, simple comparison between
the sample of individuals aged 60 to 64 and individuals aged 65 to 69 would

not capture the causal effect of Medicare health insurance.

V. Methodology

Estimating the causal effect of health insurance on self-rated health can be
empirically challenging. A wide scope of demographic variables, including
marital status, educational attainment, race, and employment status may
influence self-rated health and insurance status. The two groups, both insured
and uninsured, may differ across those variables. As a result, differences in
observed demographic variables between insured and uninsured can thus lead
to differences in unobserved characteristics. Therefore, the effect of health
insurance is not discernable from effects of unobserved characteristics.
Moreover, if health insurance status is closely correlated with these

unobserved characteristics, these characteristics may be also related with
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health status. For example, those who have health insurance are more likely to
have unobserved risk-averse behaviors, as well as higher incomes or education
level, and all of these characteristics may affect health status. Because of these
unobserved characteristics, health insurance could be both a cause and an
effect of self-rated health or health care services, and these unobserved
characteristics may lead to a biased estimator in an ordinary least squares
regression.

To address omitted variable bias caused by unobserved characteristics, I use
the fact that all adults are eligible for Medicare at the age of 65. I consider
three sets of regressions. First, to show the effect of Medicare eligibility on
health insurance status around age 65, I estimate the regression of reaching
age 65 on health insurance status. Second, I perform the regression of
reaching age 65 on self-rated health. Similar to instrumental variable
regression, the discontinuity in self-rated health is the reduced-form estimate,
and the discontinuity in health insurance status is the first-stage estimate.
Finally, 1 construct a Wald-type estimate to capture the causal effects of
health insurance on self-rated health by dividing the jump in the relationship
between self-rated health and age 65 by the jump in the relationship between
health insurance status and age 65. Within this framework, the instrument
variable is the Medicare eligibility age of 65. I exploit an indicator variable
equaling 1 if the respondent is aged 65 or older as an instrument for health
insurance status to estimate the causal effect of health insurance on self-rated

health, referred to as fuzzy regression discontinuity.

The Medicare eligibility structure and data enable me to estimate the causal
effect of Medicare on health status using an RD design. Throughout this study,

the analysis proceeds in two steps. I show smoothed figures to visually
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examine discontinuities at the eligibility thresholds; and then to obtain

estimates for the main causal effects, I follow standard RD methodology.

k k
Yi = ayX;+ 68,1+ Z'Ylj<age{)+ Zfslj(Ti X age])+ ey ey
j=1 i=1
k _ k _
Yio = gy, X; + B9, T, + Z’ng (@9€'§)+ 252]'(Ti Xagef)-i—em, )
i=1

Jj=1

where Y}, is a dummy variable that equals 1 if individual i is covered by
health insurance and Y, is also a dummy variable that equals 1 if individual
i's self-rated health has improved. The vector of observable characteristics,
X;, is the set of demographic control variables, including gender, marital
status, race, education, income level and employment status as well as
interview year and region fixed effect. 7; is an indicator variable of whether
the individual i's age is greater than or equal to 65 years old and age; indicates
the number of months before and after an individual's 65th birthday. Finally,
polynomial functions of age; is a smooth control function of an age profile,
which represents the trend for health insurance status. If polynomial functions
of age; is specified correctly, it will capture the dependence of all outcomes
on all values of age from 60 to 69, and I can use this data to then estimate (1)
and (2). However, there is no reason to believe that the true model is linear.
For more robust results, I use the results in models with quadratic, cubic, and
quartic polynomials in order to show that higher-order polynomial models are
consistent with the results in the linear model.

Another method for estimating the smooth function of the age profile is to
use a nonparametric model. However, if the insured proportion increased
dramatically after an individual's 65th birthday, a boundary problem results in

the overestimating of the treatment effects at age 65. Therefore, I implement a
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local linear regression in order to reduce the bias in kernel regression, using

the bandwidth selection procedures by Imbens and Kalyanaraman (2012) and

Calonico, Cattaneo, and Titiunik (2014). Finally, for evaluating indirect

mechanism to affect self-rated health, I also consider the effect of obtaining

health insurance on health care services or preventive care.

V. Validity of Regression Discontinuity Design

(Figure 1) Observable Characteristics at age 65

A. Marital Status

C. White

7.5

5 65

55

0
Age 65

0
Age 65

F. Retirement

50

0
Age 65

Note: These figures show average ratio of those who are married, male, white, high school
graduates or above, employed and retired in age in months. The markers represent
the averages of variables at one-month intervals. The solid lines represent fitted
regressions from the models that assume a cubic age profile, interacted with a dummy
for age 65 or older.
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(Table 2) Differences in Observed Characteristics between Insured and Uninsured
(National Health Interview Survey 2004 ~ 2013)

Difference Regression
between | p-value for | estimates of| p-value for
insured and | diifference in |discrete jump| difference in
Insured Uninsured | uninsured means at 65 RD
(1 (@) 3) @ (5) 6)
) .3928 .3891 .0037 .0272
Married [4884] | 148761 | L0108] 730 [.0430] 527
.5360 .5529 -.0169 .0386
Sex L4087 | rdo731 | rouol | 24| osaqr | 3%
. .4906 4471 .0435 ot .0169
White [4999] | 149731 | rot1ar | 0% Logas) | 7%
High school 6614 .6454 .0161 125 .0294 487
graduate [.4732] [.4785] [.0105] ' [.0422] '
.1620 .3973 .2353 - .0387
Employed | (36851 | 148041 | rLoos7 | 0% Losso) | 282
. .4563 2367 .2196 o -.0203
Retirement L4o81] | 42511 | roto; | 90 o4 | 038
Observation 10,450 2,552 13,002 13,002 13,002 13,002

Note: All statistics are based on a dataset created by Family, Person, and Sample Adult files
from the NHIS for 2004~2013. Entries in each column are means of variables and
standard errors are in brackets. The control variables are as follows: Married variable
indicates whether the respondent currently has been married. White is a dummy
variable that equals 1 if the respondent reports white as a racial ethnicity. High School
Graduate variable is an indicator variable that is equal to 1 if respondents are high
school graduates or above. Employed variable is a proportion of those who were
working for pay. Retirement variable is a proportion of those who have been retired at
the time of interview. Columns (5) and (6) are regression discontinuity estimates with
quartic polynomials and related p-values.

To evaluate the identification assumption, one common test for the validity
of RD research design is to verify no discontinuities in all other observable
characteristics than health insurance status is implemented by estimating the
main equation (1). I examine whether the demographic variables, including
marital status, proportions of white, high school graduates and retirement.
Columns (1) and (2) in {(Table 2) present the shares of those corresponding to
each observed characteristics among the insured and uninsured. Columns (3)
and (4) show differences in those characteristics between the two groups with

p-values. The results imply that insured and uninsured groups have different
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observed characteristics on average for individuals with and without
limitation. The insured individuals are likely to have different demographic
characteristics from the uninsured individuals. Despite the result that reflect
differences between insured and uninsured, the observed characteristics do
not jump at age 65. Columns (5) and (6) reflect no discrete jump at any of the
observed characteristics. This finding suggests that factors other than health
insurance status do not influence discontinuous changes in self-rated health at
age 65. (Figure 1) shows smooth trends for all observed characteristics at age

of 65 which is consistent with results in (Table 2).

VIl. Results

1. Changes in Health Insurance Status at age 65

(Figure 2) Health Insurance Status at age 65

-50 0 50
Age 65

Note: This figure shows average ratio of those who are covered by public or private insurance
in age in months by gender. The markers represent the averages of variables at
one-month intervals. The solid lines represent fitted regressions from the models that
assume a linear age profile, interacted with a dummy for age 65 or older.
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The first set of regressions pertains to the effect of reaching the Medicare
eligibility age of 65 on health insurance status. This part provides the
first-stage regression and the interpretation of the effect of reaching age 65,
with the main finding revealing that the proportion of the insured individuals
sharply increases due to Medicare.

(Figure 2) presents how the insured proportion varies at around the age of
65. The figure shows the actual and fitted age profiles of health insurance
status from a linear regression model estimated separately on each side of the
cutoff value. The markers in the figure represent averages of the insured
proportion by age in months, and the lines represent fitted regressions from
models with a linear age profile fully interacting with a dummy for age 65 or
older.

The figure implies that health insurance status is substantially affected by
Medicare eligibility. In particular, {Figure 2) shows a sharp increase of about
20 to 30 percentage points in the insured proportions. The figure graphically
demonstrates that Medicare eligibility substantially affects health insurance

status among the elderly around the age of 65.

(Table 3) Change at Age 65 in Insurance Coverage: 1 Stage
(National Health Interview Survey 2004~2013)
Insured
R-squared R-squared
M F q'(es’( @ F qtest
Linear .3155%** 1974 .3204%** .2360
[.0138] 1002.98*** [.0145] 129,94
Quadratic .2889%*** .1979 29227 .2363
[.0215] 603.84™** [.0226] 120.06™***
Triple 23947 .1985 2517 .2368
[.0294] 434.25% [.0309] 112.49%
Quartic 2425 .1988 2767 2373
[.0379] 337.86™** [.0398] 105.20%**
LLR(IK) .2604%* - - -
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[.0257] - - -

LLR(CCT) 2547 - - -

[.0281] - - -

Control - - v -
Observation 13,002 13,002 10,996 10,996

Note: All statistics are based on a dataset created by Family, Person, and Sample Adult files
from the NHIS for 2004 ~ 2013. All the estimates are coefficients on dummy variables
that are equal to one if the respondent is at least 65 years old. The specification
includes control variables: gender, marital status, educational attainment, employment
status, race, region fixed effect and year fixed effect. The linear model includes age
and its interaction with the dummy variable. The quadratic model includes age,
age-squared variables, and their interactions with the dummy variables. The cubic
model includes age, age-squared variables, age-tripled variables, and their
interactions with the dummy variables. The quartic model includes age, age-squared
variables, age-tripled variables, age-quartic variables and their interactions with the
dummy variables. LLRs (Local Linear Regressions) are estimated using the bandwidth
selection procedure proposed by Calonico, Cattaneo and Titiunik (2014) and Imbens
and Kalyanaraman (2012) with an Epanechnikov kernel. Robust standard errors are
presented in brackets. F-statistics indicates result of a test where the null hypothesis
is that all of the regression coefficients are equal to zero. The statistical significance
of each estimate is indicated as follows: *** indicates p < 0.01, ** indicates p < 0.05,
and * indicates p € 0.1. R-sqaures also shows how well the data fit the regression
model.

The marginal effects obtained by estimating equation (1) are presented in
(Table 3). All parametric models (linear, quadratic, triple, and quartic) show
discrete increases in proportions of insured individuals at the age of 65.
Column (2) shows the results of the parametric models with control variables,
which have the same results as in column (1). The nonparametric local linear
models with the bandwidth choice by Imbens and Kalyanaranman (2011) and
Calonico et al. (2014) also show a discrete increase in insured proportions.
The main regression results in columns (1) and (2) in {Table 3) are consistent
with the graphical analysis in (Figure 2). As shown, the insured proportion
increases by 24 to 32 percentage points at the age of 65, depending on

specifications.
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2. Changes in Self-Rated Health at age 65

(Figure 3) Health Outcomes at age 65: Self-Rated Health

T
-50 0 50
Age 65

Note: This figure shows average ratio of those who answer “Excellent” or “Very Good” for
their health status in age in months by gender. The markers represent the averages of
variables at one-month intervals. The solid lines represent fitted regressions from the
models that assume a quadratic age profile, interacted with a dummy for age 65 or
older. A quadratic fit is imposed on either side of the cutoff age 0. Reported health
represents recent reported health status, which is an indicator variable that is equal to
1 if respondents answer “Excellent” or “Very Good”. Otherwise, it is O.
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(Table 4) Change in Self-Rated Health at Age 65: The Reduced Form
(National Health Interview Survey 2004~2013)

Reported Health Status
g e @ et
Linear 0907 .1190 .0583* 1350
[.0163] 53.12%* [.0160] 74.817*
Quadratic .0858™** 1220 .0551** 1306
[.0240] 32.68%* [.0250] 69.30™**
Triple 1120 1231 .0786** 1307
[.0329] 23.63%* [.0334] 64.40%*
Quartic .1033** 1242 .0565 .1308
[.0415] 18.427* [.0424] 60.12%*
LLR(K) .0989*** - - -
[.0257] - - -
LLR(CCT) 1071+ - - -
[.0284] - - -
Control - - v -
Observation 13,002 13,002 10,996 10,996

Note: All statistics are based on a dataset created by Family, Person, and Sample Adult files
from the NHIS for 2004~2013. All the estimates are coefficients of dummy variables
that are equal to one if the respondent is at least 65 years old. Specification in
Columns (2) includes control variables: gender, marital status, educational attainment,
employment status, race, and year fixed effect. The outcome variables are as follows:
Recent Health Status is an indicator variable that equals 1 if respondents evaluated
“Excellent” or “Very Good” for their health. The linear model includes age and its
interaction with the dummy variable. The quadratic model includes age, age-squared
variables, and their interactions with the dummy variables. The cubic model includes
age, age-squared variables, age-tripled variables, and their interactions with the
dummy variables. The quartic model includes age-quartic variables and their
interactions with the dummy variables and variables that are used in the cubic model.
LLRs (Local Linear Regressions) are estimated using the bandwidth selection
procedure suggested by Calonico, Cattaneo and Titiunik (2014) and Imbens and
Kalyanaraman (2012) with an Epanechnikov kernel. Robust standard errors are
presented in brackets. F-statistics indicates result of a test where the null hypothesis is
that all of the regression coefficients are equal to zero. The statistical significance of
each estimate is indicated as follows: *** indicates p € 0.01, ** indicates p € 0.05, and *
indicates p € 0.1. R-sqaures also shows how well the data fit the regression model.
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Focusing on the short-run effects of health insurance, I consider the effect
of obtaining Medicare on self-rated health shortly after the age of 65.
According to health self-efficacy theory, self-assurance in health management
may have a positive effect on self-rated health. Health insurance can provide
this confidence in taking care of health to the elderly persons who are newly
covered by health insurance at the age of 65, as health insurance can allow for
easy access to health care or preventive care services. In this study, the fact
that the elderly individuals can utilize health care services whenever they need
to is one of the hypotheses of health self-efficacy.

(Figure 3) shows that there is a discrete increase in the proportion of
respondents at around age of 65 who self-reported their health as “excellent”
or “very good” at the time of the survey. Before the age of 65, self-reported
health follows a constant trend and hovers around 30 percent, but after age
65, the proportion shows a discrete jump at the age of 65. When the elderly
individuals reach the age of 65, their self-reported health sharply increases.

Consistent with (Figure 3), columns (1) and (2) in {(Table 4) show that the
proportion of those who evaluate their health as “excellent” or “very good”
increases than before by approximately 6 to 11 percentage points at around
the age of 65 in parametric and non-parametric regressions(except for quartic
polynomial parametric model with control variables). However, these results in
reduced forms do not reflect the causal relation between health insurance and

self-rated health.
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3. Results for the Second Stage

(Table 5) The Causal Effects of Medicare on Self-Rated Health: The 2nd Stage
(National Health Interview Survey 2004~2013)

Reported Health Status

M )
1™ Stage 2741 .2652™
[.0228] [.0253]
2™ Stage 3679** 4038
[.1018] [[1172]

Kernel IK CCT
Observation 13,002 13,002

Note: All the estimates are based on a dataset created by the NHIS Sample Person and Adult
files for 2004~2013. All the estimates are coefficients on dummy variables that are
equal to one if the respondent is at least 65 years old. Coefficients (local linear
regressions) are estimated using the bandwidth selection procedure suggested by
Calonico, Cattaneo and Titiunik (2014) and Imbens and Kalyanaraman (2012) with an
Epanechnikov kernel. The statistical significance of each estimate is indicated as
follows: *** indicates p € 0.01, ** indicates p € 0.05, and * indicates p € 0.1.

So far, I have estimated the first stage, which considers the share of older
adults who obtain health insurance at the age of 65, and the reduced form,
which shows the change in self-rated health at age 65. I can identify the
estimates, the causal effect of health insurance on self-rated health, by
dividing the estimates of the first stage by those of the reduced form. This
regression design is analogous to using the Medicare eligibility age of 65, as an
instrumental variable to obtain the causal effect estimates in the second stage,
which are referred to as Wald-type 2SLS estimates.

In the first stage and the reduced form, I used both parametric and
nonparametric approaches, which in fact both need to choose optimal
bandwidth, kernel and polynomial order. Parametric estimators use an infinite
bandwidth, a uniform kernel, and a relatively high-order polynomial, while

nonparametric estimators use a smaller bandwidth, a kernel that places more
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weight near the threshold, and a lower-order polynomial.

Although there is no strict rule which decides which approach works better,
estimates in parametric methods can lead to a bias in that all data far from the
cutoff age are used. Therefore, a more modern approach is to use
nonparametric methods to approximate the left and right-hand limits. However,
when using the nonparametric kernel method, estimates suffer from the
boundary problem, which leads to systematic bias. To overcome the boundary
problem, I use 2SLS local linear regression. This regression is weighted least
squares using observations to the left of the threshold. The linear term in the
model eliminates boundary bias exhibited by local constant estimators.

Coefficients in the 2SLS regression identify the LATE on compliers with
treatment assignment. The results in the second stage show that the
proportion of older adults who reported improved self-rated health increased
at the cutoff age of 65, caused by the change in health insurance status form
uninsured to insured. {(Table 5) presents that for both IK and CCT bandwidth
choices, coefficients in the second stage are positive and statistically
significant in self-rated health. The proportion of those who rate their health
as excellent or very good than before increases from 36.7 to 40.3 percentage
points at the age of 65. In other words, the proportion of those who are
covered by health insurance increases by about 27 percentage points. Among
those who are newly covered by health insurance at the age of 65, self-rated
health improves in 36.7 to 40.3 percent of those individuals; their self-rated
health changed from good, fair, or poor to excellent or very good.

A few previous studies found a positive relationship between health
insurance and health outcomes. However, they did not overcome the
endogeneity problem; differences in unobserved characteristics may lead to

differences in health outcomes. To address the endogeneity, other strand of
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previous studies used a change in exogenous event that led to a change in
health insurance coverage with econometric methods. Card et al. (2008) found
mild improvements in self-rated health and no effect on mortality. Finkelstein
and McKnight (2008) concluded that Medicare have no effect on health of
those newly eligible for it. On the other hand, in this study, Medicare has an
effect on self-rated health. Given that self-rated health improved right after

the age of 65, Medicare significantly affects self-rated health in the short-run.

4. Robustness

(Figure 4) Health Care Services at age 65
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Note: Figures A to D in this figure show average ratio of those who have visited to health
professional and medical specialist in age in months by gender. Figures E to H show
average ratio of those who were hospitalized overnight (had some surgeries) during
the past 12 months by gender. The markers represent the averages of variables at
one-month intervals. The solid lines represent fitted regressions from the models that
assume a linear age profile, interacted with a dummy for age 65 or older. A linear fit is
imposed on either side of the cutoff age 0.
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(Table 6) The Causal Effects of Medicare on Health Care and Preventive Care
Services: The 2™ Stage
(National Health Interview Survey 2004~2013)
Health Frofessional | Medical Specialist Inpatient Surgery
(1) () (3) (4) (5) (6) (7) (8)
1™ Stage |.2808** | .2575% | 2587*** | 2445 | 2001 | 2619™* | 2616™"* |.2463*"*
[.0209] | [.0275] | [.0273] | [.0322] | [.0168] | [.0262] | [.0263] | [.0300]
2 Stage | -.0060 | .0359 -.0599 | -.1381 .0016 | -.0533 | .0003 | -.0015
[.0805] | [.1119] | [.1218] | [.1534] | [.0472] | [.0808] | [.0861] | [.1046]

Kernel IK CCT IK CCT IK CCT IK CCT
Observation| 13,002 | 13,002 | 13,002 | 13,002 | 5,745 5,745 5,745 5,745
General Doctor Flu=shot Cholestero/ HiHh e

Pressure

(1) () (©)) @ (5) (6) ) ®)
1% Stage |.2704% | .2439% | 2797%* | 2527 | 2814™* | 2651 | .2683™** | 2593
[.0236] | [.0333] | [.0214] | [.0286] | [.0349] | [.0449] | [.0415] | [.0481]
2" Stage | .2087** |.3669%* | .1534* 1730 | .2369* | .2383 | .2571% | .2646*
[.0887] | [.1362] | [.0903] | [.1306] | [.1223] | [.1654] | [.1226] | [.1473]
Kernel IK CCT IK CCT IK CCT IK CCT
Observation| 13,002 | 13,002 | 13,002 | 13,002 | 5,745 | 5,745 | 5,745 | 5,745
Note: All the estimates are based on a dataset created by the NHIS Sample Person and Adult
files for 2004 ~ 2013. All the estimates are coefficients on dummy variables that are
equal to one if the respondent is at least 65 years old. Coefficients (local linear
regressions) are estimated using the bandwidth selection procedure suggested by
Calonico, Cattaneo and Titiunik (2014) and Imbens and Kalyanaraman (2012) with an

Epanechnikov kernel. The statistical significance of each estimate is indicated as
follows: *** indicates p € 0.01, ** indicates p € 0.05, and * indicates p € 0.1.

Two main conclusions can be drawn from the previous results. First, among
those who have no private health insurance, when reaching the
Medicare-eligible age of 65, the proportion of insured individuals increased.
Second, the positive effect of Medicare coverage on self-rated health exists;
elderly individuals after age 65 show more clearer improvement in self-rated
health than before age 65.

One potential explanation for these results is that health care or preventive

care services can influence self-rated health. As Medicare allows easier access
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to health care and preventive care services, having Medicare may increase the
utilization of those services, which may in turn may influence health.

In this section, I examine changes in the utilization of those services at the
age of 65 to investigate potential effects on health outcomes. (Figure 4) shows
the actual and fitted age profiles of health care services, such as visits to
health professionals or medical specialists, and utilization of inpatient and
surgery. The markers in the figures represent proportions of those who have
utilized outpatient and inpatient services by age in months, and the lines
represent fitted regression from models with a linear age profile fully
interacted with a dummy for age 65 or older.

In Panel A of <Figure 4), the proportion of male elderly individuals who
visited a health professional does not change and it also does not jump sharply
at age 65. Panel B(Medical Specialist) show a slight different trend before and
after the age of 65, but no clear jump at age 65. As a result, no discrete jump
at age 65 implies that Medicare eligibility has no immediate effect on
outpatient services at the age of 65. As for inpatients or surgery, I also observe
patterns which are similar to that of outpatient service usage, with there being
no discernible difference. Panel C presents the proportion of individuals who
utilized inpatient services in age in months, and the markers are distributed
widely with no pattern. Patterns of markers do not show any clear jump at the
age of 65. Panel D shows the actual and fitted age profiles of whether or not
receiving any surgery in the past 12 months by gender. Although the
proportion of elderly individuals who took surgery increases smoothly across
age 65, overall trends show no discrete jump at the age of 65. Results of Panel
A in (Table 6) shows the coefficients for the 2SLS local linear regression.
Consistent with (Figure 4), no coefficient in <Table 6y shows statistical

significance, which implies that health insurance for elderly individuals does
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not lead to sharp increases in health care service usage at the age of 65.

(Figure 5) Preventive Care at age 65
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Note: This figure A shows average ratio of those who have seen/talked to a general doctor
during the past 12 months in age in months by gender. Others (B,C, and D) show
average ratio of those who have taken flu-shot, cholesterol and blood pressure tests
during the past 12 months in age in months by gender. The markers represent the
averages of variables at one-month intervals. The solid lines represent fitted
regressions from the models that assume a linear age profile, interacted with a dummy
for age 65 or older. A linear fit is imposed on either side of the cutoff age 0.

(Figure 5) shows the actual and fitted age profiles of preventive care,
including visits to the general doctor, receiving flu-shots, and tests for
cholesterol and blood pressure. The results are as follows: first, the proportion
of visits to the general doctor also increases across age 65. Panel A also show a
discrete jump at age 65. This type of pattern holds true for both flu-shots and
tests for cholesterol or high blood pressure. As respondents grow older, the

proportion of receiving flu-shot, testing for cholesterol and blood pressure
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tend to increase. For the elderly individuals, graphically, there exists slight
jumps at the age of 65 for flu-shots and tests for cholesterol and blood
pressure.

Panel B in (Table 6) shows that there is a positive causal effect of health
insurance on preventive care. Coefficients on whether visiting to general
doctor or whether testing high blood pressure are positive and significant in
the first and second stages. For flu-shot status and cholesterol test,
coefficients on models with IK are positive and significant. The utilization of
preventive care services for the elderly individuals are clearly influenced by
obtaining of Medicare at the age of 65.

Becoming 65 leads to Medicare eligibility, which is likely to improve
self-rated health. Despite that there is no discrete change in health care
services including surgery and inpatient, self-rated health improves across the
age of 65. Rather, the elderly individuals increases their use of preventive care
services. Therefore, obtaining health insurance itself seems to increase the
assurance of managing health which shows an discrete increase in preventive

care services at the age of 65 and results in better self-rated health.

V. Discussion and Conclusion

Considering the sample which consists of those who have no private health
insurance before and after the age of 65, I found the proportion of those who
are covered by health insurance increases by about 27 percentage points.
Among those who are newly covered by health insurance at the age of 65,
self-rated health improves in 37 to 41 percent of those individuals. As a result,

I draw the main result from the analysis of this study: the existence of health
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insurance improves self-rated health in the short-run.

The results in this study suggest that improvements in self-rated health are
immediately implemented at the age of 65. However, while preventive care
services increased sharply right after the age of 65, health care services did
not show any discrete jump at the age of 65. Health care services cannot be
attributed to better health in the short run.

Awareness of easily using health care or preventive care services can
improve health in the short-run perspective. Health insurance, which enables
older adults to have easy access to health care or preventive care services, can
increase their assurance in self-managing health, which is a direct predictor of
self-rated health. Despite that there is no discrete change in health care
services including surgery and inpatient, the elderly individuals increases their
use of preventive care services right after the age of 65. Although there are no
direct medications or treatments through preventive care services, self-rated
health improved sharply right after the age of 65. The confidence of
self-managing health can have a positive effect on self-rated health.

To overcome the endogeneity caused by reverse causality or omitted
variable bias, I used the age of 65 as an instrumental variable to examine the
causal effect of health insurance on self-rated health, which is a concept of
the fuzzy RD research design. I use the RD design to investigate some
hypotheses of the potential effects of Medicare on self-rated health. For this
study I test the health self-efficacy theory which hypothesizes that higher
confidence in managing one's own health can improve health outcome, and I
consider Medicare as a measure of this self-assurance due to the manner in
which Medicare gives older adults easy access to health care or preventive
care services.

The important limitations in this study are the following. The estimates of
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the fuzzy RD research design are local in two senses: first they are local to the
cutoff age 65. Estimates are specific to the elderly around the age of 65. While
these estimates are likely to be generalized to the elderly individuals who are
aged sixties or older, other age groups cannot be applied. Second, results
apply only to compliers who become insured upon turning age 65 and these
elderly individuals differ from the typical elderly individual in numerous ways.
Nevertheless, these results will be useful for policy makers, as these results
provide some information on how health insurance improves health status
other than in conventional ways. Finally, estimates show the short-run
response to a change in health insurance due to the Medicare eligibility.
However, this can provide meaningful evidence that health insurance presents
an assurance of managing one's health not in the long-run, but in the
short-run. Results illustrate that the act of being covered by health insurance

is important for health outcomes.
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219] AR a7k A eRdan, 9] 9ol Feikle] e o] e 71%io]
A AT 2 Ao et
olF BAS] THL thet gk 2golAlE B B AR8T 7R U
BSG W75 A1 ] 2 Batof ol 7k sich 34l Balo] A8 %
29 £ mgo] 7o) Aeka B4 AE AN 4goli BRoR dvol A
£ Qofska oo} el hA| ela g AT S AR,

Il. ESG E7t 7I= R A=

1. WPIE

E =72 SHESG7[EY(KCGS)oNA Hatsk= KOSPI AF3719 2 FA51507]1 490
st ESG H7tedS EAREE ARSI SHESG7IEYS AHiER(G)e) 4%
2003 95E 44 9([E) D ARHAFF(9)2] - 201 1E5E FR71A] 7149 5

w2 W7iste] YHSIAL Qlrt. &, KOSPI 719 5 szl 71dsd 227t 113



EsG S22t 7ieiel xext - IR

A 719, gl A7Ideld A HiAE 7
golA Al el

KCGS®] 714l gigt ESG 7k vat 2ol & 39AE 71A A& (20204 3
7F71) 12k 71elA s 2 Aol Wi AFIEAIA O] 31A) 24t 713k BV 7]
ko2 stod, 3grieh Wt 7| ATA A=E LA = 4 - BAske A% 87
< Sl AlF- 87 23l tieh B7HE gAtstol 14 87 AE AkEditt. 24 87t
7 A= SH(EE 715 BSGF -5t 7| 7AE SHsHl A= %271 9l

= 719 ARAS) WA o1 52 A5t W7k B B9 ZAlele] WG Pl
]_

é
2
rr
i)

o
-,

hA

B7EollA AT ARty 33} BellM= 221 IS EUR, B A
= 3 A Aek g7 2Rl sidshe 719 Aol TARt - 5 ESGeE g 744
Rl 719 Ao ARt 3% B7keE= ol 23U, B 124 7FegolA A39iel
&9 9B 7|9S gz AR R Sate] A QIERE MPsia 1 AdE BUhs
A3 23] whgglht}. KCGSY ESG B7t A2 =2 & yehfd oh8at gk

o‘;":‘

(Figure 1) KCGS ESG Evaluation Processes
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7fFEe® FMdEH 2020 71 ESG B7H 32 & 1837101tk &373 (Bl it 8
7k B373 9, BT, oA S 371 oz ofFolA 3o g vl
301 7 =0 ARIKAZE DO tiet B7ke 24, FEAF B 3AA, 2HRE, A AL
3] 472 E5FE0] FrHEAL 9lom Ao vlFo] 7MY &t AL AiTE(G)O] o
S g7k 5 Y BS, o), AP, RS 47 gz FMdE0] 9lem o]
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(Table 1) ESG Questions and Categories

Large Category Middle Category Number of Questions
Environmental Management 27
Environment(E) Environmental Outcome 19
Stakeholder 4
Employee 19
Social(S) Suppliers 14
Consumers 12
Community 7
Shareholders Right 23
Governance(G) Board of Directors 33
Audit Body 14
Information Disclosure 11
Total 11 183

Source: KCGS.

2. KCGS E, S, G ¥ ESG S8 &4

AER(G) 539 A% 200397E A=7F 2SR, SF(E) AF(S) 5g°l o
Sk S5H0°] FoiE 20111 )%, ESG S8°] BF EAck: 719e A dvdez st
.

(Figure 2)2] 5 AZ& B9 SH(E), ARI(S), AHi72(G) 547 27 BsHES)Y]
W=7t 7P A e Ai2RG) 559 49 200349 ol F A&A s 24 o

FSFATL 20119 olF A=l Hisf ZEE 2ARI7I 7H AvHER] 7k 4"
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(Figure 2)9] %= BE2E, S, G 55°ll W= Tobing= &84 7|79 B4t=
Whisker box J1#|ZE E3l AIAISATE Whisker box 1#|Z= 7|2 8AF 5 A=
HES 283k 1291, S 389, gl 57hE IR E B Holes WAoo ax
S9Hgkol gt oftjol] jAJe Qlvtell whet Ahgrt o] E9lof WA skl Qi
et molel 4= Q= G891 HiRlojtt, LS B E, S, G 530 WE 7|47
£ AmE A3} Fotg] 55 Dol e o® CEFETA= B8 o& 7| Q77 &4
UERARE AR E, S, G 580l 2 71959 7197HI7 =4 Es & 5= AT

(Figure 2) E, S, G Grade and Corporate Value

A. E, S, G Grade Distribution B. Corporate Value
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1. A8Xl=

2012¥~2020 717k B2t KCGS B7H1E 5 |-89= ALt 71ds 7k 49
HOE ffoto], B7rd AE(D9] A AE(t-1)oll SAIE ARG A 9] 3]A] ZAE o]
12991 A= Fstgith. D 201192 B7P7F 218 AR si2 B7Md oF7F 24T
$= Jou= A6, 504 olotY] F4E W2 712 B7HA 7171l 2ol
Aot S50l QlolAl I 5=9] Zpo|7} Y= 52 EAI7L Qo] BAolA AlQlstgitt. E
SIE, S, Go& ¥ ESG 5¢5F0] BF EA6h= 71402 B4 tiibe systairt

(Table 2)0llA= AFEA ARGEE S5 9 A, 2|1 SAe] M

%, 4] ul 2% Wy 5 2oFsle] AXSIYLE (Table 2)9] AL AFEAS 912

1) B4 24 Yol 12891 A9 1% W7k Waet 2% Wk S0 Wy A1 st
7 4 APGRAAEE Kjolrk EAfEI olo] Wil 3] 4k o] 1290] oRd AL 1
A W7} 40k 27 Wh A Wb A4 APPUAER ol Wk TRk gk
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z9 w49l KCGSO E, S, G 52 9 ESG Sa527} A18(S)9h Au22(G)2] o}

9 W7l W S EAUE (Table 2)9] BME F2 AZE L A8 Fa
Bausel AR Au 9s U BANSE ASE 25 719 B4 dge] Bole] /)&

o} BAMSE IRt 71910] AR Auk ALY A4t 7]9de] A
Qake BT 7IE A7 9 T 7198 thoR ¢ Bl 472 52 Ausiel 24 7}

719 EA & tiFF(large shareholder)7} 2A5H= 7]19L 3371 7197 H0E =
HAIH, ol $13t 71 AR 9] a&4 v disto] S2
IS YA 4 deHE tieFo AReZ VA7l SAAl A
(“incentive effect”)E 7FItShleifer and Vishny 1997). ©]& £4o] ¥tsr] 2l
Fd FR(Es TSt 22 719899 AF AT 47D A ARES ok,
o] “incentive effect’'E Z4sl7] 5t WHEE ARSSIQLE OE ShHo=Z
entrenchment effectol] s} 5= F PR Ate-S 719719 o UARES] &
AS 7RItk &= 71& AF AIP)E TEsto], A E73t insider_own WO AlF gk
= SAHTE A ARESISIT: (Table 2)0fl AXE 7190 54 ¥4 FnGuide®} ?H=
ARSI |57} 242 Al 5= DataGuide®t TS2000 Hlo]EH|o]AS B3f] 7510
AATBFRA.
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(Table 2) Variables Definition
A. KCGS ESG Evaluation index

Variables Definition

* Annual ESG Grading from 1 to 6, the bigger the better

ESG rating index * Using E, S, G rating and Aggregated ESG rating
S_EMP * KCGS Employee Scores(EMP) in the Social Preliminary Test
S_SUP * KCGS Supplier Scores(SUP) in the Social Preliminary Test
S_CUST + KCGS Consumer Scores(CUST) in the Social Preliminary Test
S_COM + KCGS Community Scores(COM) in the Social Preliminary Test

2) Black et al. (2006); Black et al. (2015); Black et al. (2020)
3) Morck et al. (1988); Stulz (1988); McConnell and Servaes (1990)
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» KCGS Investor Protection Scores((IP)) in the Governance

G_IP Preliminary Test
G _BD * KCGS Board of Directors Scores(BD) in the Governance Preliminary Test
G_AC + KCGS Audit Committee Scores(AC) in the Governance Preliminary Test
G_DC + KCGS Disclosure Scores(DC) in the Governance Preliminary Test
B. Firms' Charateristics
Variables Definition
* Natural logarithm of Tobin's Q from ‘(Debts Value + Preferred
In_Tobing Share Value + Common Share Value) / Total Asset’
* The difference value from industry medium values
In_age * Natural logarithm from the listing date to Settlement date of business report
In_asset * Natural logarithm of total assets
leverage  Adjusting debt ratio of outliers which are top and below 1%

foreign_own

* Foreign shareholder rate

insider_own

* Equity ratio of major shareholder

o 2
insider_own

* A squre value of the equity ratio of major shareholder

export/sales

* Export rate among total sales, extreme values adjusted to upper
and lower 1% values

capex/sales

* Capital expenditure rate among total sales, extreme values
adjusted to upper and lower 1% values

* Capital expenditure is the sum of cash outflows for 19 tangible
assets, such as land, buildings, machinery and facility assets,
out of ‘cash outflows from investing activities' on the cash
flow statement.

R&D/sales

Research and development expenses (R&D) as a percentage of
total sales, R&D expenses are defined as ‘total R&D
expenditures’ for the current period specified in the notes to
the business report or in the audit report. extreme values
adjusted to upper and lower 1% values

advert/sales

Advertising expenses against total sales, extreme values adjusted
to upper and lower 1% values

market_share

¢ Total industry is classified into 25 categories according to
FICS(FnGuide In dusty Classification Standard)®, and sales by
company divided by the sum of sales of KOSPI companies
belonging to the same industry

sales_growth

* The geometric average of the last three fiscal years of the sales
growth rate, extreme values adjusted to the upper and lower
1% values

* If sales data from 3 years ago and 2 years ago are not
available, it is measured using sales data from 2 years ago and
1 year ago, respectively.
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(Table 3)+= (Table 2)°A AAE F8 W] 7| 2EAFS o8] AAGHH.
(Table 3)°] Hid AdllA X KCGSE, S, G 55 X S, G ot9] B7F dge= A5EA
oA 3 FHBH=0, EZHA=1) 2 & ARESISITE =7F F= TR E B7P |3 1HH|w
Aol 2 BESRE FIHRGE ARSSle A0 E HItKDaines et al. 2010; Black
et al. 2012; Black et al. 2020).

i

(Table 3) Discriptive Statistics

A. KCGS ESG Evaluation index

Variables Obs Average ;te?fril:tairoi Min Max

E_rating_index 4,188 2.79 1.17 1

S_rating_index 4,188 2.96 1.07 1

G_rating_index 4,188 2.90 0.89 1
S_EMP 4,188 46.25 22.96 0 130
S_SUP 4,188 13.96 16.67 0 81
S_CUST 4,188 17.29 12.82 0 63
S_COM 4,188 7.16 9.43 0 62
G_IP 4,188 41.53 11.43 5 81
G_BD 4,188 10.35 8.32 0 73
G_AC 4,188 20.18 8.82 3 58
G_DC 4,188 15.17 9.56 0 48

B. Firms’ Charateristics
Variables Obs Average S;i?jg;i Min Max
In_Tobing 4,188 0.06 0.47 -1.64 2.53
In_age 4,188 2.92 0.76 0.00 4.14
In_asset 4,188 19.99 1.53 15.78 26.11
leverage 4,188 0.41 0.21 0.01 0.99
foreign_own 4,188 0.10 0.13 0.00 0.90
4) FICSY] ¥5 AA= & 1070 sector(ClUA, &4, AFAA, A714HA, B5AHA, o=,

=8, IT, BAAHA, fEEE), 257) Adwindustry group) ¥ 627H AE Atdoz
EH3H} o] HuAoA: FICSS 257 AT B& 71&2 *}QOH‘%
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insider_own 4,188 0.24 0.21 0.00 0.86
insider_own2 4,188 0.10 0.13 0.00 0.74
export/sales 4,188 0.09 0.21 0.00 0.97
capex/sales 4,188 0.25 0.95 0.00 11.33
R&D/sales 4,188 0.02 0.03 0.00 0.23
advert/sales 4,188 0.01 0.02 0.00 0.12
market_share 4,188 0.03 0.10 0.00 1.00
sales_growth 4,188 0.05 0.16 -0.50 0.95

ESG SH(ESG, E or S or G 5&)¥ 7199] AF2] 3K Tobing)2] JAIBAE A
H7] 5] tid #E 27| 3]7(Panel Vector Auto Regression; PVAR) 2¥g-& 0|85
At #E A7 SAEG2 Sims (1980) 1% AAGA] &40 de] Z8=UL H4 3t
O] I Aol FF= U= B2 245k ol ARSET AAEATT HEeIA] gl %
o] w2 WS B4k ol 282t WE ¥ME 27| 3172 F2 Holtz-Eakin et
al. (1988)0] 7igsiglon HE 7] SlARFS g A=l ol 8T 4= A=F St
Hgolrt. wid wiEl 2] S|ARFS 2 wid Aol tisiA TAgES ARESHE A
o] FHBAE 31831 VAR(p) EF2 HHE 5 AUtk HolA ¥E 7] SARF T 2
oJ7} ik

Oh2t 22 B35 o831 E, S, G 5u¥ 7149 A4 At Aol 9] JiAIE A
S A 4] ()2 ESG S&°l 7199 A4 s S7H7IeAE A4t 4
(2= AFA 437 52 719901 ESG 8ol #2418 A7geth

Tobing;, = ay+ ZﬁIESG,t i+ Z’YzTObmfI,tferf e A (D)
=0
ESG,;, = ay+ Y3 Tobing;, ,+ ZWIESG‘WIJF Fit€ A1 (2)

=0
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ESG 553 7149 A2 At Ate]2] BAS] QlolA At 719] gho] EA) gl |
P ATl 24 U5o] 59 BES 7Pgotglon, ojeh HHEL lat
A9 gL ERIstAL sl A H& o) Fgeict.

714 Aol TG ASEA Atolld= AUt A (reverse causality) T F2 2
IHsimultaneity), ¥4 AJZHomitted variable) 5 WA EAl(Robert and Whited
2013)°] mE w3 Faslshr] A% YHES AT a7t ok Wintoki et al.
(2012)2 °]AR] 2] F/do] 7192 Adtol] wA]= ol st E45171 S1sh SEi 4] wiid
GMM 21& 28319t Abrigo and Love (2016} SE12] 5'd GMM HH4}g 7|#2.0

o 7jzo
o] $EUSS SR SISk BAS St ok, WHs 52 S5u4

23
& 5}o] 3k W49 $sKshock)7} T2 B4l WA= kel thsliA 4= 219 Q1A
£ 3L = = S AT 2 =72 ASEAE 95l Abrigo and Love

(2016)7F AARE s E-8sto] WARSE 7199 A4 ATt E, S, G 55 @
AR (Table 3)9] siid Boll 3= 719 £4 W45 ©-83531th Andrews and Lu
(20019 A9 AAE A"ok= w4 (Moment and Model Selection Criterias
MMSCO)L & B Hgstlon RF 17] ojdo] HHolegi= AxE AqIch 181 11
WA QA TA HA(Granger causality test)= 53l E, S, G 53°] 7199 AF4 A=}
£ ZdokeA], 183 AFE Ao 2 7I99IA E, S, G 5a°] =A "de=Alol o
S|4 EA519}. niR o 2 FA ¥R83~(Impulse Response Function; IRF)E &3

1 5719 e =AY,

. ESGS} 7|47HA] 24 Azt

7149] 4415 S795k=t Q1o ROAF 22 IAIA k= A2 s Hojr= 59
o] 131 Tobinge 71999 8} & @2 AHike IR AZ[EH 0= S E|o] FARZ 7]
A9 mlgl] +94S F7Isl= &HHo| Itk (Cavaco and Crifo 2013; Surrocal et al 2010).
webs] & QM= E, S, G 55 Tobing= 7% 71971X1efe] /08 AE A g

AEY SeuT GoEE 71979 SAR o= Foln|St JHAIE 7H ¥HA, EF



T SARCR Fojulet A HolA] godth B3 A 719] e Gow 7]
W7RE FAPIE Aoz Heiger ol 1% 28 SAIA fol/de EAH(Table
4y I=). o= Freeman (1984)2] OJSiIAR} 0|22 AAIshz AafolH FAR| &2 Al
oA 7199 ARl E52 7147FAlol jEgshe A SRIe o= s Aol

whe, A 719) 77k SER GEROl Y 93 FE A0 etk
ot 5 23 Rel5E0] 10% $EOE FAK FOL o} shile] Fof wat 9l
o G7] 71 e IASL B 7] S5ET GEgol W ekt 22 53 £

Ut 79SS 7197 =2 A 7199 ARl B2 489 she Zlew
4= 9tk McWilliams and Siegel (20002 71%19] AF8]%] S5-2 ol TARIE TH=EA|
717] 91t At ol A AL okal F5IRAL, ool A5 #4 2 V1Y

(Table 4) E, S, G Grade and Corporate Value = PVAR Results

Tobing E_rating S_rating G_rating
Tobingi1 0.5397** -0.0678 -0.2256* -0.2598*
(0.0455) (0.0916) (0.1176) (0.1353)
E_rating.1 0.0233 0.4868™* 0.2430%** 0.0056
(0.0194) (0.0406) (0.0559) (0.0637)
S_rating.: 0.051 1% -0.05 0.2928*** -0.0455
(0.0144) (0.0307) (0.0385) (0.04406)
G_ratinge1 0.0291%** -0.0402* 0.022 0.3442%
(0.0098) (0.0223) (0.0282) (0.0320)
Obs 4,188 4,188 4,188 4,188
Panel Obs 654 654 654 654

Note: (Table 4> shows a panel vector autoregression analysis model with Tobing, E, S, and G
grades as endogenous variables and ROA as a control variable by adding ROA to the
company characteristic variable described in B in {Table 2) for the period from 2012 to
2020. The report of the results of the control variables other than the KCGS evaluation
grade is omitted, and the standard error is reported in parentheses below the estimated
correlation coefficient. ***** indicate statistical significance in the 10%, 5%, and 1%
intervals, respectively. More details on the analysis method are described in the previous

chapter 3. All eigenvalues appear to be less than 1, satisfying the stability condition.
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(Table Y= F, S, G 533} 71971 k0] 1914 ATFAE Wald restdt 2748 1
AT E, S, G5F 7hetl 59 G5Eo] &8 7190] the 7] 7177} e Ao 1
et 71909 ASle B 7|97kAIeh TAA QnkArE RIS B et wi W)
QakgA] QoA 717} B 719 719le] A181H BEL gHe ugow

294 QlskEA 24

(Table 5) E, S, G Grade and Corporate Value — Granger Causality Test Results

Shock Response Chi? p-value
E_raing 1.435 0.231
S_rating Tobing 12.526 0
G_Rating 8.672 0.003

Tobing 0.548 0.459
S_rating E_rating 2.639 0.104
G_rating 3.265 0.071

Tobing 3.682 0.055
E_rating S_rating 18.892 0
G_rating 0.609 0.435

Tobing 3.684 0.055
E_rating G_rating 0.008 0.929
S_rating 1.043 0.307

Note: (Table 5) shows the Granger causal relationship between E, S, and G grades and
enterprise value (Tobinq) during the period from 2012 to 2020. The null hypothesis
(HO) states that the shock variable does not cause Granger causation of the response
variable.

(Figure 3)= E, S, G 53T 7|97HA] 7t S4RS =& Wl dxdAle] 3
I 2715 B E52 0= 7|9 A 719 gl 71 9= wol Hor SoF GeE
O 71 717 1E AT AeE UEtt:. 7P 8% SRS o H A
719] SsHol 71979 7HE 2 9F= FL GoEE ¥T= F= W Eea=2 71971
Aol &= FA L. ofE 2HELE S A 719 7197EA7E S9F GsEell
TR 9T Fe AS TEL 5 o 95% A=FHte] WAl 223kl Ae2 S5l

AR Freldol B4 ghee EAE = 3k
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(Figure 3) E, S, G Grade and Corporate Value - Impulse Response Function
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Note: <Figure 3) shows the response of the variable on the right to the shock of the variable
on the left, and the gray shading represents the 95% confidence interval obtained
through 1,000 Monte Carlo simulations.

o} S} G AR A B As

P #4004 714710l F3kE mizl H
TS A= FE= PEs] Al 24

(Table 6)= AR] 71 B7} w2 95k 470 ohel B7F ¥l 224 geA 4
37 AHRE A HALS] Z2bo] diste], - 7|A7IRIet wid WE 27| S At
£ HojFal Sk 44 AL A GARS] Fmo] % 7|A7IRIE A e Ao
UEhgt o S2AF BE2 7|97 9k SAA O RojRt JHIAIE HolA] it
ol= Z2ZKEdman 2011; Faleye and Trahan 2006; Greening and Turban 2000)
oF THAH o] 7|J7HAE FHAXITh= 71E sfjQ] At Zafe} wito] Aok 1]

719714l g

I:IO

ZO

I FYAL o] BAA Fo48E 7L Ak £ A2 UET olF Bl A o
EYQl ZgAet #E WR olsiiAIRKLee and Choi 2021)0] thet ALS14 Ea0] 7]

Q7o A AL T A0 AT % ek
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(Table 6) Social Details and Corporate Value - PVAR Results

Tobing Employee Suppliers Consumers Community
Tobing:-1 0.5346™** -0.1763 -0.0166 -0.2869* -0.0680
(0.0463) (0.1080) (0.0825) (0.1600) (0.0995)
Employee- 0.0071 0.4231%* 0.0356 0.3052%* 0.0319
(0.0137) (0.0363) (0.0297) (0.0527) (0.0359)
Suppliers:-1 0.0649™** 0.0096 0.4507*** 0.2766*** 0.0255
(0.0223) (0.0597) (0.0520) (0.0923) (0.0601)
Consumers:-1 0.0167* 0.0343* 0.0447** 0.3561%** 0.0327
(0.0093) (0.0206) (0.0170) (0.0318) (0.0206)

Communityi-1 0.0305™* 0.0220 0.0635™* 0.0870 0.4314™**
(0.0128) (0.0339) (0.0291) (0.0535) (0.03606)

Obs 4,188 4,188 4,188 4,188 4,188
Panel Obs 654 654 654 654 654

Note: {Table 6) shows a panel vector autoregression analysis model with Tobing, E, S, and G
grades as endogenous variables and ROA as a control variable by adding ROA to the
company characteristic variable described in B in (Table 2 for the period from 2012
to 2020. The report of the results of the control variables other than the KCGS
evaluation grade is omitted, and the standard error is reported in parentheses below
the estimated correlation coefficient. *,**** indicate statistical significance in the
10%, 5%, and 1% intervals, respectively. More details on the analysis method are
described in the previous chapter 3. All eigenvalues appear to be less than 1, satisfying
the stability condition.

(Table 7)°lMe 719AHEIFZ(G) 712 B7t £33 FHd5k= 471 skl B7F H5d
T U Ho-olAkg]-SA - AR Rlet 71 47HA] 2] IFRIAE wid HE Ap7] &
Angoz BAg AnE HojF Qlrk (Table 7)) ()G AAIE 2HE B,
Uz B8} ojAlS]= 7|47 BAPE /LA, AARIEIet SA] Bt A5 3 7]
7Hx 9} QIEEHAZE s AR U'siTh ol TARIYI]9] Adte] 7|97 sl &
83k Hoj5r, Naseem et al. (2017)9] 23} X3k T3t 7149 FA] 0] &
oW 7477} ok 7129 Aok Aok Zato|tMurray et al. 2006; De
Klerk et al. 2015). Z18]aL AR 3 5 FA|, o|ARR] 4, Atz 5 He B
3, ojAlR] EA}, YRAH A 7Rl SAI7E 7HE 583 84918 4%t Black et al.
(2020)9] Aot YX|ol= Atolct.

t

N 2
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(Table 7) Governance Details and Corporate Value - PVAR Results

Tobing Shareholders Board Audit Disclosure
Tobinge: 0.4810** -0.0502 0.1205 0.0727 -0.0485
(0.0622) (0.2058) (0.1922) (0.1299) (0.1437)
Shareholdersi 0.0299 0.2804** -0.1942™* -0.0134 0.0082
(0.0276) (0.0916) (0.0952) (0.0589) (0.0690)
Board:-1 0.1618 -0.6691* -0.2969 -0.0590 -0.0043
(0.1047) (0.3543) (0.3692) (0.2312) (0.2701)
Audit 0.0893** -0.2528*" -0.1879 0.4769" -0.0735
(0.0355) (0.1214) (0.1198) (0.0807) (0.0891)

Disclosurei-; | 0.0760** -0.2217* -0.2173* -0.0561 0.4274%
(0.0337) (0.1137) (0.1148) (0.0738) (0.0854)

Obs 4,188 4,188 4,188 4,188 4,188
Panel Obs 654 654 654 654 654

Note: In {Table 7), from 2012 to 2020, Tobinqg and the standardized variables of the basic
evaluation scores of the four subcategories of the governance index were standardized
by adding ROA to the endogenous variable and the company characteristic variable
described in B of (Table 3). The results of the panel vector autoregression model with
one control variable are presented. The report of the results of the control variables
other than the KCGS evaluation grade is omitted, and the standard error is reported in
parentheses below the estimated correlation coefficient. ***** indicate statistical
significance in the 10%, 5%, and 1% intervals, respectively. More details on the
analysis method are described in the previous chapter 3. All eigenvalues appear to be
less than 1, satisfying the stability condition.

ASEA ATE Q9 E, S, GeHH ESG 5857 119 1xkHA E4olA= E7t
Soll 37841 7, G7H Eoll F782A% FFS = AC=E ZRIFIE E, S, Goat 7]
WK Eoag= AlLstaL A9 AMiHER(G) S50l £2H thE 719 714717}
&5k A2 UERT (CSR— CFP). 1213l 7|7FA17F &2 TR 7ol Al5]4] &
5ol 84 dFS F= Ao=m YEow SAE e W2 Aos UERHd
(CFP— CSR).

SeF GO A5 o] = FRolA= AR FEo] WX o] H=A vehd=t,
ALR] Q] B9 5Hel I 7He-Hl= FEA gt &5 Bol Sh= A9t 7]
9] Z7147Hxoll 7P & ¥ 1 ol= 359 T (supply chain management)®] &
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a4 SRIsks Aafolet. delm AMHTRG)IAE Aol BA7} 71971
ke FE A0 ekt

V. 22

71909] S5 BAA FEETt ofyet ARlA] 123 SR 02w whe RS T

A HBg 7199] ESG &5l tigt 8= 7Skl Qlet. wieF ESG &50] 7|7 IS
SHAZIE A7 ATHE ALS] 34 SHi9E 7147 SHE A0l 88T 4= b= Ao]
CF. qheF Z12lX] QFthd, ofof thet A& g 9 A¢A viele
HERA, A olg a2 A9 F2 02 A= 7190l ESG E50] A2 o= ofmet
FEFE MIA=A FEE B8] Sl

5 =RoIAE KCGSollA] mid HHsH=E, S, G 553 7199 A4 Adztete] Q1
TAE A5 A2 AR Y (9T AHiHR(G) Swol £ th 719] 7]
Q77T At A& YERGTHCSR—~ CFP). BHH, B4 |94 10% $&02
A= YokoH ol Aol 7|77t woH the: Ak ARl gl Rl 3
Fo] 1S &= = A0 F YERGTE (CFP— CSR). S9F G2 A% o] F= JgoA=
ARJAAZE D99 3t B 7hedle FEAlel titt 52 Wol sh= Bt
9] 71479l 7H3 2 92 FH o|E 59l 35 #=(supply chain management)
9] S84S5 FRIsirh AMITR(G)2] AFFE 7Rt AARIESIE FAI7 71971
o 3AARI S F= AR U] vh, £ =79 E4oA= SH(E) 55271
F7He Y mIXIths SAE 22 7 I3tk A 7199 2 E- E50] 71

T U=E AR ik v W SH, & e EEol it A
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o zx A sjAof A5 B o7} ek KCGSOlA 2 ARERTE, S, Goas w40l

g8eto e Amrt 7149 ARlA A EEe AEs| jtgstoieAlel didt 45 A

o] At F2 A AT Hart o

TF AT IAREE, S, G 55 B8olo] AFH e} ESG 5+ e ITEAE
ATE7IZZ IFE S, G 58501 L 719 oM B 24T = 3=

o)

Hl, 2+ 55 2t LAk Y k(consistency)oll T A5 FF o8Al H=Alof wet
A AA] MeP=]ofof 3 Zolek. B FAE, S, G 570l £ A= ST 55
Bisp7t 71999] ARA Aute] vjAE A RN B 2 IAl 7199 BY WIS

ke e 2 5 Arke AolA vl Y A7t E 4= 9 Aol
olefdt FAF ESHARE & A ESGOll thiet Fa/do] BRE T Yk et A
HsjollA BSG o] 7199 AT Adatel] mjAe GRS o] 719 AAR ESG &
B2 A& Whs Zl0] 7Rs e 211A] 1#]aL A5-0] ESGol thet A ¢ ojw gt w3k

o] Elojok & ZRIA|e thet A= AlFTTH FHA 7197
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Abstract

We analyze the causal relationship between a company's ESG rating and
financial performance. We find a statistically significant positive correlation
between the company's financial performance and ratings in the S and the G.
On the other hand, when the company's financial performance was good in
the previous year, the company's rating in the S went down. Looking at the
detailed items in the S, companies with active supply chain management
showed high financial performance. In the G, companies with high scores in
audit committee activity and corporate information disclosure showed strong

financial performance.

% Key words: ESG, Financial Performance, Supply Chain Management,

Audit



