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An empirical analysis between insurers’ loss reserve
errors and internal capital market

rhr
T

0

A *% L
s YgE

Song In Jung-Yang Yong Jun

22 2000~20194 77t SO 07 2ai2HsIMe HTLO[E(NAIOS 08310,
2BHIBO| USARAZO ANl XZEHIZ
Siict Maeirt x2 XigFEHE 2 1

RAFE0| EoEF2Ae] 01y =F 1 Fek2 ORI, O {2 FAAX st
Z2HO| HFON UAAE  HE, 5 W ASA 2t MEHANE
UEAZAES E8X|2 MEot0, WRAEAIZE A&tz ot 52 o4 HEls
st 019Yzxd 79 AS fHolRn. =4 Zile Osd 20 AW, BYOE2
JOZX] 2 HEEHIA Hioh XgEHlE A0l JA UEEH. Ol E8IE0|
WNErasl =

St 0|YZF H=He=z UAMA 0t= He e HEXR

AlAfeICE =M, 2208 UWoN MESHAHE Soif WEAZAIZN FHOolH, #

Hotet AGAEE XgZHlg 2XE2 A UERD Ol WREAREAIZN Edste

FlEE Hotll O0| mE MRddds deEiet AgAs, O 2 ASMEH
0

AEzHIZel U =2 Ia HEs S8 0[9=go|l L4d |I0] EBOX|17| H=E0[Ct.

[

* B 3= 20228 JHrel=tolisly WujskEdH]] X ofste] o]FoiR AY
o glolojdisky. A Y st ¥4 (insong@hufs.ac.kr), A1#A;

ok ghmelrolthshal URbeh BIAEY (yjyang@hufs.ac.kr), WAIAAL

=it Fa: 2021 5. 10, =8 HF 9L 2022 1. 7, =2 A 8L 2022. 5. 19



DA =siager mssd mos
l. M2

&N HYDAY] A FEHF(Loss reserve) URFHOE &5l H DALY AR
Welld 7k 231 F83%F BAfgEeR, Agsiglon ok HuEAl o2 AR(
Incurred But Not Reported; IBNR)Z} 248 2 H1E]Q] O} ofz] xjFo] f= =R &
< He ARdof it Aggoelnt. dA AHE AGEHgd) vlEe] s AT B
Ago] YA|oh= Zo] ooy, @A¥ o2 HEAEo| 71X = BT R 9]
A o8 AFSHlE Ao 52 o4 A=Y olgt AFwHlE 23 Loss
reserve error)< 57 7|7t % WA, AF% BF 27]0) A3t AEEHE T
Zo|(Development)E &lA Attt

AlgErlEe] 7R AV #A dAx A2 3 HollA AAol= & vl o= <l
s A o] FefstAY §7] AAo] 4] &= AF, Te A% F=ol 876k 7
A8E-2] 2(Petroni 1992; Nelson 2000; Gaver, Paterson 2004; Grace, Leverty
2012)5 FI8IA AEErlES B4 A™ohe 0|27 (Earnings management)®] -1
o] ZARTE ERE, BFAlo] g HUA HAS BA0 R AGwrlgo] Ha AES 5
3 A} £0l9S Ede AU EAsItHEckles, Halek 2010; Eckles et al.
2011). BH=, Al 2l9]o] B4 0 2 AgwHao] | AP 53l A ol &
olg+ AUE B HHGrace 1990; Graver, Peterson 2001; Grace, Leverty 2012).
o]2jof| = =o]9]9] HE/dE E0l7] fIF HA R gl I 32 T4 A9t
oz2x 0]9S FU3KIncome smoothing)dlel= ©]QzHo] {olw v Hch
(Anderson 1971; Smith 1980; Weiss 1985; Grace 1990; Beaver et al. 2003).
Carson et al.(2016) o213t fR150] &oE F3|Ate] AAA Rl &4 & vle] P4

A HFA7IA HE R, AFMES 4867 A Al AEsrlE 242 W

ol
ol

S H AT ARl SHAA 17] o de] AGARE ol AlHlisk= 2ApE &
Aok HHIFT ABAL glo] shte] T §iQlo R EXfjol= PR FIAIE 2T 4=
Qtt. BYIF9] Aol 1F Wiel WiAREAH Internal Capital Market; ICM)°]
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A5t (Powell et al. 2008) AlGAH TF AEY A 52 B34 A1 olFA7I= T
WEAFRREAPSS o]8ste] 1 W AFAES BHigtHWilliamson 1975; Stein 1997,
Houston et al. 1997; Fier et al. 2013). R ITHFL WHARLAAS o]-&slo] A3}
5 A0 7= AGAI] AHES ol Ao BH B TIFE HA| JHE A7
SFH(Winner picking theory)l) 0] 3¢, AHEE oA AGAR= T 5] 716t
£ 4FS BAHPowell et al. 2008). BIH2 15 oA AF-A7A o] Feketa 9%
ApExgo] Hlgo] 2 AGAE AYst] flsf Atz os ARgEst daska, F
Az gH|go] B2 JA} 59571 % K Cross subsidization theory).2) o213t
FARZAGY] EAle, HYOE0 A= B, A7 2 55 Aolof] AHEB[AS
A 715730 EAstH olQjof i WRAREAIARE s=o]Q]o] & A HAMS] AHE-E £=0]9]
o] FHiA o= HAL &Ao] WAYRE AGAe] o] AXA Al FAadlelEl= o] o

57| % SHHGramlich et al. 2004).

EHEATNE R, XS] I 52 TA AYS B3 o]dxA9 Al
ool 71 {91, 123 WRARZAPGS] EA] offet T20] 884 W aupdo] gt A
T e e#E AT FARA TR e DEe] AP Qo SHAE WRARRAP
T} &S H DALY AgEHlE QAR BAE AF EAF Al oFolAA] sk
o}, SIS RAEAPG o] EAFHE, AGEHlES o83t 0|29 Yok kg
A WRARRAPES ool A 2EsAY S A7 & Jong, WRAEARY

T AFEE 2ARE2 29 AE 7H Zlo g dliddnt &, EaAQAES AEE

e

1) Stein(1997)2, EX(Headquarter)”} 2} AMAE(Division)?] 7|H-AdES 1185l $9
o] B2 AgFF(Losers)ollA =440l &2 AGRE(WinnenE A ol5A7 1= o
o ERX(Winner picking) AHEEEYS =ol= 9L stk S AR

2) WRAHEAIGS Boto] ARAA/go] okt SlAk AFE X420 X|YstH ol UE9
H2F(Subsidization)9] &< Adrt. ol=jgh W= 24 ARGE 7He] ti=iQl EAIE oF
7\AZItHScharfsten, Stein 2000). T3 WRAFEAGS EAGEAA Y] A7 wiES
H B0 7 7] wiZo] tH3KDiversification)d 3JAk= T4t thet A2ag/do] *
o= A= AtHRajan et al. 2000).

3) 7189 APATEL o]AdRA 9] EHX(Measure)ZA AFGEHT &S AMEsto] o]ex
Aol 8ol1S Z= dlof ZHS FHPetroni 1992; Nelson 2000; Gaver, Paterson
2004; Eckles, Halek 2010; Eckles et al. 2011; Grace, Leverty 2012). & =Fojxx
AT AREE o|dxA9 AR AREsle] WRAREAIS] TAE g5t
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9] T T2 Tk AL B 0|2 B LT, PEALAFE ol §5te] &
MO A Gl ARTEE 2% 4 UL Folth
e no it B WRREASS G4 5 9t REIE 134 ¢S ERY
AR} 7h0) AR o] AFEuIF QA2 ofE BAS 2
A A% RS9 TR, olale A7} 20089 6 S71E Asio] of @A) st
A F71H 0% 4% Baslelt. 36 ] ol%, RS AgRulde & o st
A Fg3te] Aot 28379 270 AFEIF 048 BT SARIAY A
2 %olPl1 weBtS Zo= WeEm, olo] mkeh AR oA o]ejxge] chot
) E78M 1 Ggo] F4 T2 ok} Hgie A0R ot
£ =20 2R20 thest ok JA, RYIFS AE Byl vs AFEF

9780] itk A, WFARAE ol §3le] S8 Akt RPIF ) AGAAS
S AFEulF O Eet Aok, ol HYIFL ol 2] EEA AFEF ¢

of & kS 25l QlaL, ofAo] YHRARZAIG T TA A U2 AR A, =
& $771 olFol= AFErE Ake2 A44siit B3t 58 7] olFole AR
M IF W WiFAREAPO] Zds] Fofel AlBARSS AEErls 23kl At
SPARE o= BARICE FOfSHA] edof, &8 $171 ol AEAS S UHRAREAE
o] A FEHFES 551 o] ZxA 9] thtA T-Alternative tool)Z 0] &% I}l Sf4]
S ol
=2 TRt 2ol M E ] k. 280N e Agerle Ak WRAREAES]
42t =& ol dish Aeslal, 3ol ARl dish dustitt. 480l a+
U 7S, SAolAE Ae E AT HEE] dis] R8st oolAls A 24
AIE Aokl 11 oulE AssiAaL, 780 s 2| H AR, 18A % vl
TIHAIE AAISHAT

we]
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XgZEtlg X2 WEAEAE

1. Xig&EHlg X2

AaErlEe] Hd AH2 97 dals ASA FA AL Al d9dS
T3, A A vlEe] HY B Al it o] =S ofetiX
ds| 34, Adche A2 FF HAre] ARdHe B J9EEo A& wdsh=
o, A== H FARE 12]aL ARt v o] H7IAA| ul-e- S5,
G AL TA Weiss(1985)2] RE([Reserve Error)?} Kazenski,
Feldhaus, Schneider(1992)7} A|9tgt KFS RE(Reserve Error)@ &3 %t Weiss2
RE+= B9 AR9] 0 & Xgo] s £AEE) T rled] T4 20w 4
Ho] AFo] ddEe SAEATY oA, mlFe] 4 717t 57t AA AFE Hde
= AHsto] ALttt

=

Weiss RE = Incurred Losses;; — Developed Losses Paid) i, (1)

KFS RE SPA= £ A1 9] 2 &gfjoliof|A] ]2l o] dhi&g|olS Zptsto] AlAlgh
o}, 2 =oAL KFS RE EAHXE AF2H|F 2A8-L AXlsi=t] AM&s19a, &4
717+ 1902 ARSSFATE.

KFS RE = Incurred Losses;; — Incurred Losses; )

F3l AXFE KBS RES 2 A%0] RRE4) 0 & 1}=0i(Scaled by equity) A1EZH]E
QAEE AMEolL, T 52 oA AYE AFerlge] A8 A71E S5 sk
olof] AHigkZ FotSict. o, AAl IAEA Alofl= ALt AFwrlE A8 REEE
s A =E F3) vle Holks A Eeith

4) AEARL IA A2 AEYog, olddods, Z]-_“i__?,’\_@ FEow Lol Qg =}
Eo st A2EuE o1 4K A, AEZA RS Aolsta, AEZT Q)oY
o, o]dYoF)Q] Fo= KFS REFS Wrof *Flﬁ} =g
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Incurred Losses; ; — Incurred Losses; ;. ,
Abs.(RE,,) = ’ ’

®

Policyholders surplus; ,

2. WRXE=AIE

HYIF U] RARAS W, AFEZ, APE, AR 59| FH o] Fol
Ak, WIS ABALS 710] A8 2§ 0] O] W, GRS £ ALAY
A% 2 £42E0] e THE AL AFS BEe e W g
5 AGA 710 Ak heshA e u) whagshe, oju) WEst AlQARs RpaieF

ARE3to] 24 FAIA C = ul=ES R AFS(NAIC)OIA Algshe B 1w W A
ALt FrE AEF RN et ARARE ARt} Aldsiiet.>

Affil. Ceded Premium,, — Af fil. Assumed Premium,

ICM; , = (4)0)

5) WHAIEAGS Boto] AEFAN7E a1, R sl JRFRE F1 Wit
I 27 2o, o] §ig9] 3R 002 4AEE Aot o]RAE ERIS] Yo Fk, F=¢
H AR 470 dAogke H F I AHRIARANA SeE ARARE 3R 7
< WRAEAIRY SHAE ARSSt A4S Aot B3 R AEARE FAMKE
07 Yo} 37] £H(Scaled by total asset) & AN&3SIITH

6) FH(4HY EA= (Affiliated ceded reinsurance premium - Affiliated assumed
reinsurance premium)< Julsty ZFZRo] ARk ©ls £IEIHSIAL RjEdlolH
(NAICYE AH8stoltt.



2afiaiiol xigRuig oxgn texzamol et 4z o [N
. Mo

AgEr] e 53 ololzAe] Tt AT TS o)FolA Uk Ve ATt &
2 78 LS EA GlolA o] ol vie, B ot Lo dIEY 1% | A
AR} 70] EAEA ] T8 A% HAtTT.

1. XigztlE 2=

71& AYPAT= Aerlae A -2 B4 AP 9 AGwHlgoe] SR A
9] o]o]x4 9] == AREE A=A} o]0 thet felE Wol=tl FEIskth. B A9
A2, Aol Foket RS A 02 A0l £ IAERET Al
FHFE HAHHTS B WltHPetroni 1992; Petroni, Beasley 1996: Penalva
1998; Graver, Paterson 2001). £3], Petroni(1992)+= AF-A7/do] FHoket HEALC]
8% RIS HI&2 7NAAZ1AL, s B9 fHAIE S]Hjslr] flsto] Aastlas Ta
APGs= Aol Y22 AZ5HAE Grace, Leverty(2012) GA], AFEAZAJo] Fokst
&3 EABAEC] AF o R AFEHlEE T4 A-cke APl d=2 TAsI U

oJZo] = F=o] 85h= Ao PHIEE Eol7] s £A6k= Aol & =
RCHL WIS, ot ol52 AlaeHlEoe] Ala v 9 Hd ol gt
THAIRE T E o] ekl F=st3ict

Weiss(1985)= =2 1671 @ AFaAt EHEAAE Vo=, AlFErlao] AT
A77go] Fofst EsjEABIAY o]eE QHgst, gt Sk =72 AR ESIES AT
Aog dreWlty. T3 Grace(1990)= ZR1E FE55S tiolohe ol&4Ql X3}
37 Bt ol AaErle @A ARolofl o] AHBATE 2= Wl A

& 501 et 7Hde A8 Nelson(2000)2 ©f%f <ok 7HdE AR5k

r H

7) IRIS(Insurance Regulatory Information System) ratiow= H8 B=°] 2Jslo] AFAXA
o] Fokgt B AFoiES E7g5] flote] Y=Lt SHAIRE Lai, Yi-hsun(2018)
IRIS ratio”} XFgS SFop| At et s HA BRItk ekt TS o]

2 RBC Hl& FA| AFErla He] & B3 I509 AMIEEA JdsiA 2Rgsh,
O“ﬂ'ﬂo] TAHIER ARESE o= vl Esittal F35190T
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FARA AFEN 0] FhAFF Aole] BT FILo] EATL WAL
Sl Aol Rt EARFTIMA ol2fat Felgo] B A BT F

ottt ?HH, Penalva(1998)= ol 9] fRlog Alg EA FE5ta] a4

Kol Fust £ARFL A9, A S BHoR FER|Fe Hrf Yshe 2

Fo| U= ASH o0& Yyl

Beaver, McNichols, Nelson(2003)-2 B3l o] AE o|(AHE £A)S 7| =3t
& HASAOIA AgGERlaE A A-E A-)eke AFHoR Yedozy, A
FeHlFo] o]9]9] Fxet: TAZL ekl Fsdch. E3E, Zhang(2014) AlE<H]
T FALSTE] A0 FESto] FAALS0] 2 SRR )0l AgEHlES Il &
@ A-)ee A5 B4t EN, AgErlgo] FAALSIE WEo] itk 4
ST

o]Q]o|| &= Eckles, Halek(2010)2 i1 Fgxlo] &5 9 4] HUYAZ} 7| wf, A=
SHIF T AYE 39l ol SHeies HHso g ojejxAo] FFxe] At
Hapole WAEo] 25 RIS

2ol AEErle 249 ¥sAdol tigt A7 &S] XY= ]l=H, Carson at
al.(2016)2 SAE A Ao SPX & AgErla LA AREsto] 485572 T
£ ASHoE £4, o& il 9 AV =2 WeWlth T3, Eckles, Halek,
Zhang(2014) AFEHE 2A&9] WE/do] 245, & JAEI0|Y9] Ho| Fadt
TE, AdAoE FE o] ISk RAE Bt AR EH|Eo| S7RITHL g5t
At Rt o]t B]A| K aro]9] 9] A} 4] WIS St AR X EHE Alolofl= WAV
kL Fgsi3iet

3h9] A7k AFEnIFo] ol 2] =R AN 1 L Jer] 9

il

o] 52 TP LB -FEF2005) AFoFHE AR ol o]FE A

5 Aot Aot FoRt 4 EEIAS] B, AFEEE 0185

K
N



2afisiiol xRz oxgn texzamol et as on KK
=L
=

R AlRele(YRiEd, A7|2d, AEAEY) AFErE ARE ol8ste] g7Ikeele

FHFO] HaAYE AL, A7 EAT UrEE
A o2t @4ol Rols UYEIUA| ¢hE2 AT S4Te=A 7 SHER AHIH|
7F gEA YEdS X5 $U94 - F8=(2019)= 20089 &8 1€ AF=E 1|
TS HATA] A FEHE LARES AT 243 58 A7 A% SSEEA] A
Sl AR HEAdS S8, ol @42 ASEtlES AdAHT oY
o] k& 0|9} ROAZF 2 SAPlA L JFUS 85t

O

2. LHEXEEA|Z} XS

PR o] e AT 2 WAL go] AR|E EASHA) ofFe} 12
o] BEH 0 AFaH=A| FHshe o 20| BEolH Ut BE ABATEL A
0% BYIE Wl WRARAGE ZAste], 1 W AGAEA 150 ARA

RSl J3e SyRto R HYIE AHOR B W AupoR AEsn 9l

filo

< YW Gertner et al. 1994; Stein 1997: Houston, James 1997; Maksimovic,
Phillips 2002; Powell, sommer 2007; Powell et al. 2008; Fier et al. 2013). THit,
UWERRZAPTO] a&/dol thofil= AR S 24 23k EARTKShin, Stulz 1998;
Rajan et al. 2000; Powell, Sommer 2007).
Stein(1997)2, HIFL W 4E0] 7|diHe AZ HLosen =28 & 59
o] 7|th=l= AIGAKWinnern) 2 WHAREE Halgto &2/, o B o] 479|713 & 7}
= S5 AASIAtHWinner picking theory). HI2, £ AGAR] AFEARA
of > FoFet F-oll= HHIFONA of ABA] His] WRAREAISS &3 AFAHE
£ 72uig 4= Aot 4519t Cross subsidization theory). ©] 739 ZF AGARS]
A 9 JAL 5ol gt HUER vlgo] WS 4= Qlrt.
Powell et al.(2008)> A EASAE EATE /NEEASAE o] 2451,
WEARZAPES B5to] oF AIQARIA e AGAE YRARE-S Evlisks Y052 1

rLt{m
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22| R HIEYTIF] HIsf 7[H2lEo] & RS ERIskrt. E3E, Niehaus(2016)
= APEAIAE o2 YRAREAS] X =A AQAL 7 YR ARESAKInternal
capital contributions) ¥ AGAF 7t viGF-S ARESlo], BYIE2 Fe S ot
7] S13l HRAREAPSS 2 ds] ARSI A2 AS5A 0= Byt

Hh, WRAREAPGe] mE&Zolx] Feltke 4k EAEC] S4=Hl, Scharfsten,
Stein(2000) ¥ 34+ Wioll AFdE 2ol B9 ZHel HiEl]l EAl(Agency
problems) Y0 & Qlsf Aol vl g-&2 0= Rl 4 Qlrkal Fstolct. E3,
Rajan et al.(2000) 23t & € 7|99 A9ole WREARRAPT o] AFALS HlA
£ 08 FHEEE Frestl ofof wpet B4} aeA SHoA RAREAGET H R
Hog AFH 4 Y2 FE3IGiT

Lee, Park, Shin(2009)2 ¥t AEI5E00 F5510], 1997 obrlot &8 A71E I+
sto] gk A-IIFES] WRAREAPGo] ofBA] HSIi=A] A5 EASIgIE 4] At
19909 2714 QA 15 U WRARRAPSS &9 15 AAlo] AHZ a82os

B O 19974 obXlo} T8 $I7] o], EAHEANGe] ZAw 1 YRAHEA G

olg} o] £FUBEIAY hEAEAGS] FA4) oot 1 HRA, el3 AFEuFS
54+ 0]0]240] §lo] T B AT AWEIP Ot AT 21S oloj2 A
24X 2 AFgSte] WHARATe] BAS Bl A ol2olxA) elgket.

Iv. gtig 2 7K

HATIEE ofg] 7je] ALQARE BERdtaL Qlo] 2/dshd YRAREAPE ol A4 71
o] A}, SPAIRE QYFAREAPGT} vl uf AREFH]E SO B&ZHolX] FAY W
FAREA tigt A= g A A AR, WRARRAES ASEAY EA6T
A = = o BHASAE AFEE AR HEo=H A EAI0e] A
0|1, FF o] g % Al B3t BAHS AASILA . ofTt &

Hir

o
mlm



2aEiaiiol XITRUIZ QAR LISAZAIKO| Het A5 o7

2/gol7] flsf L-dske HRAREAGE ufe- F- 251

UHEARZAPS: HSIAF Hi9] 27 D9 (Division leve) AT EA e QI B
F o2t B Tt ofet A GAN S9I(Firm level)oll A E43 4= itk B
I50] ofd /NEEASIAS] S, AGAL 7l W AREEA FE O] WRAEAR = &
7Fssta, AR, AFGETS Y WEAREANE 7hsstt A4 89 2 Al
ol A et ofof] Hsf RARZAG] izt F2Ado] ot Y IFS IF W A
A0 ZHE B3 AFAAGE FESHL, A4 HlES &5 ¢ 0B E AEEH]
=9 I &2 T4 HYS B o]

o2 B E A vl AFERE 2ARe0] e Ao dEH.

19

o =
B

(o}

1 B 15 TR @S A HEIA Blo) AF ] 23 &0] ¥ Aol

HATIFo| AFEtls 282 Helsh] st WRARRAEE ol 8dkeAl 453t
7] AeiAE Wi AIBAR 7] AEEA AFErlE AT BAIE dotkE 28
7t S0k, WEAREAPEe] @/dske BATES] A, oY 2] #elo] WA By, A
EF5 FAIE e AEEREY I 22 B4 AHE B8 ol 2P HETE ST AF
AA=7F 7] Aol RARRARG] ofste] Ak o WY A oldshr=
(E2 s AU A2 Alsshe) AEIANE AL 7ol Ao F, AL
A ZE AR ARE SO WRARRAIES ol83ke ABAILTS I8A] 92 AR

o AgEE 934go] AL o]tk
TF2: AR EARE F0 PFREA P N QA 8T)--)S] B 7 Hofik

20089 =8 H71E A, 28718e2 A5 TRomiE ARddy oot By
o1l gt A S 7RI o]z U T8 7] A5 HHEA| HleS S40)
I Big Bath®) 5& &3l AHaS Epdos 74, AdshdA dAF s AgEdls

8) Big Bath: A= FJHol AA AR AY 7k B4 RAY 24 Ahet wgslol
BB ABE DAl AAS B9,
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92420] WAL S7Islgich. thik ARko] ALFRA ofeid Ul olMIER Q18] YA
Hog 37 Z71H9E AFEF QAR WEHS PABE Rso] Ak

AR Ge] BolA B, 36 9] A% REIES 4% 9 4 o
SAEAGE B AR AR FoRt 54 AGAE AT ARA olelo] Fxside
Aolx, Webd 3¢ §17] ol vlste] WEAEAge] G oRtEglo st B
Ak, 2PEE 3§ 97] olfol AFEUF OARS FASHES Holx, o] e
7] $1ek ik PR AN HS B AN G] AT okstrghe ol

-

Ol

TF3-1: T RV AR AJFENF LA EL T Aol

T30 TG PV HFE AEFS ES YHAHEAGI A 3L B
= o1 Fo)ch

V. iz 3 S

& =2 2000~201997H4] 2087F wl= ARE S EFSIAE S SAP(Statutory
Accounting Principle)oll wel Au|RIA=AFHS|(NAIC)O] A|ESE ARFHE 1A
(Annual report)?] At=2E 0]-8-31 .9

AFEHlE AR89 7R 19L& A7sIq). ol= B710) AgHla 24
o ZA WA Aolztal odE w, Y= ol = Qlsf WAL AFHlE] FATh
S =AY eeA717] A8 i AR AT E47] o] WRAREA ] Fofsk=A]
TS| ffeteld. B3, Am+= 200849 w8 £171 IS5 25 2kl loH, 3
F&52] AgA0] Aolgt AEASARY ST 7I7F B A= PP E SAk= oA A9

STt oA 53510 ARE W4ES] 712 AT (Table DI 2.

rE W

9) AF=ugo] T3t 8L AXETA schedule P-part 20 Esgt=o] Qlct.



(Table 1) Summary Statistics

sefsaie) XigzHig oxg uerza 26t 45 o [N

Variable Mean Median STDEV Min Max
Abs.(RE) 1.28 1.47 1.66 -7.26 9.13
RE -0.04 -1.27 111.01 -835.65 9286.92
Group 0.11 0.00 0.31 0.00 1.00
Net_Asset 10.07 9.97 1.68 4,52 16.86
ROA 0.02 0.02 0.14 -2.83 11.33
Mutual 0.40 0.00 0.49 0.00 1.00
Public 0.01 0.00 0.07 0.00 1.00
Age 48.98 32.00 46.55 1.00 227.00
Geo-HHI 0.56 0.71 0.44 0.00 1.00
Busi_HHI 0.02 0.00 0.13 0.00 1.00
Longtail 0.02 0.00 0.14 -5.09 1.00
Cat-Risk 0.01 0.00 0.08 0.00 1.00
ICM 0.04 0.00 2.62 -0.15 237.85

Note: This table describes the summary statistics of variables used in the model. The data is
from all property-liability insurers' annual statutory filings of National Association of
Insurance Commissioner's (NAIC) from 2000 to 2019. In total, there are 16,540
observations. Abs.(RE) and Net_Asset variables are log-scaled.

£ =RolAe BEIF oFe} Al
1 )(Sample selection bias)7} EA&k
2THA| FEAH

of digt a4

=

< O]l w
'T‘}}CC

Al

o

& A& TACHDE goke o, A4
7FsAdo] o] o5 B4stalAF Heckman)
& (Heckman’s selection model)10& AR&-sto] £451ct E3E O]
= ZHsy] folo] A=EHAE a4
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Athes oujolH, o]z AFEHEY I &2 A AHE 59 oldx2ge A ke
& Quelt). ols EF0] JIF Uil oljxAe] 4t WekE Held ¢ Qe
it =78 EAotal 9lon ofF o] 83l A2 AR & oAt I HijtE
=T WRARRAPS 53t

9
Group:’yo-l—Z’iji#,/-ﬁ-n,, TY-1) - 124 A8y
j=1

9
Abs(RE,) =By + D 8x:, Te, — BB(1-2) - 224 A=Y
j=1

where
w,;,, X;, = NetAsset;, ROA;. Mutual,, Public;, Age;.,, Geo-HHI,,
Busi-HHI;,, Longtail;, Cat-Risk;.

M4, €4 = €ITOI term

NetAsset= ARt A 2715 Foto] Afo]= 274 & ARESIAAL, ROAE +°1<
& IO R o] ARESIGITE. Mutual> 2AH] Atz FEi(F2 A o H 1,
AlAIH 0, 1 9] HFPweEA(Reciprocal Exchange), RRG(Risk Retension
Group) & H2o|A AL)E Ve, Public 719 37 o714 37171 =of A
o™ 1, IFA] ko™ 0)E HERATE E3E Age= 2021004 7199 AHAE=E A4
Sto] AERE 71 9] Yol s A=A Geo-HHIE #2|2 0= JAe] JeE
Yol gt & FatEo] UeA HEe B, Busi-HHIZ SIAR] B 9
jo] dupt & A= 0] A Uehdis Hsroltt. 212 EA g3 £ HadEol
FEAFE 19 7Pk 32 7). upReto 2| Longtail AFF AYSHA] grot g s
A% 2 teo] BT AFo] diElie IR SRIR(s. AAEYR) ulES o
oJstH, Cat-Riske= A7, S, B} 53 2ol diAlshE BAsh= a5 ¢2d=
(vs. AA A R) vlES 2u|Rtth(Table 2) F=).
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(Table 2) Variable definitions

Variable Definitions
Abs.(RE) 189S EH7ICR oo, AFEHF 2320 ddghs FHsha,
o7le] A 2IE FH Ae|2 2 T AHE
Group site] SIALR FAE0] Jlow 0, o 719 SAREE o]Fo|A
IFFH7 =Y 12 43
Net_Asset &2 A 2OE FH Ate|2 2 & AR
ROA £=0]9](Net income)S AHHAsset) 2.2 o] A4k
Mutual &4 Atold 1, 5+4] dAtold 002 4F
Public 7|4S77F Eojglod 1, 28 o 0oz 43
Age 202140014 APAEE Asto] AME
Geo-HHI Geographical Herfindahl Index& 2Ju|std ul= 5078 =
ERoA =3 HEm ARE AR A4t
Busi_HHI Business Line Herfindahl Index& Jujoty ZF B3 FY
99 (Business Line) THoIA =33 BIR (R E AREst] A4b
Longtail Longtail& Zt+= EPAAES mau|dE A4 =3 Zu|doz
W k. Longtailo] S5 7192 98& 3A &6t UL
9Jm]
Cat-Risk A, i, HE 59 HANE B4t B T ¢HT
zHu|d e ALS
ICM BEBAL YRA A o]Hgt AEFHRNA JEE =3t
ARERE e &, FAALOZ o] Alo]=2 2 T ARE
Crisis 20084 o]&H 1, o]Ho|H 0o H7F

Note: This table defines the variables. The data is from all property-liability insurers' annual
statutory filings of National Association of Insurance Commissioner's (NAIC) from
2000 to 2019.

CHI)E AE5P) SIstel BEIE B ARHAN RS BRARAY] SHA2
A8 3k, Azl QAHgT SRR, o) Siat ByL ofelet o] algl
CHEHQ). Wk AR EE F3 AR AFE0lE 2X180] 200 BAS 2
rh, ol BHAPE HRAEAA ol el B8 o]gste] AFEHlRe B
oloj2 e TSl 9he-S Otk WA} A1e] sole) W Azlo] ofaslo] 24 A
2 AL oSl SEE o, BRs e AFEnR) T AL 5 ololzde
AET 4912 Zhech, ShAg Yol BAstelol 9la 2 7Rs ke et

RS B RS ABANA AL ARG oS0 R A d FAHEe]

of5lg uhg 4 Qlone X FEHI RS T AU Helo] Wolrlek. of, UEAHEA

[-'O

o
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Abs (RE, ) = 3, + Eﬁszxz te T 23(2)
j=1

where
. = NetAsset;,, ROA;,, Mutual;, Public;, Age;., ICM;, Geo-HHI;,,
Busi-HHI,, Longtail;, Cat-Risk;.

€, = errorterm

HEFB)Z 58 7] olF AEAS 57 WFARRASY Aasrle eAkame] B4
£ YolH7| I3t Zolt}. o& fldf 2008F 87| HAFE FHoH:= CrisisE SHH
=2 F7181L, Crisis?F WHRARRASS Qufshs ICME |3t S w2k (Interaction
term)y= F7FI3Ac}. AA| SAEAE 7HE3-13 7H3-25 ASSP| flste] Ao n ARy

AT YA S A, T 7HA] 790 gis] = AAIs9it

filo
oL,
flo

Ol

12
Abs(RE,,) = B+ B, Crisis, , + By ICM, ,* Crisis, , + Y, Bix;, +€,,—2B?)
ji=3

where

= NetAsset;,, ROA;,, Mutual;, Public;, Age;, ICM;, Geo-HHI;.,
Busi-HHI;,, Longtail;, Cat-Risk;,

€+ = errorterm
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(Table 3) Group effect on reserve error using Heckman 2-step method

Abs. (Reserve Error) = 80 + 81*Group + F2*NetAsset + £3"ROA + F4*Mutual +
B5*Public + £6*Age + £7*Geo-HHI + #8*Busi-HHI + £9*Longtail + £10*Cat-Risk + &

Variable Coef. Std.Err z value P>z
Group -0.3284*** 0.0558 -5.89 0.00
NetAsset -0.0201 0.0320 0.63 0.53
ROA -0.5413"* 0.1184 -4.57 0.00
Mutual 0.2415"* 0.0472 5.11 0.00
Public -0.0334 0.2291 -0.15 0.88
Age -0.0108*** 0.0005 -19.98 0.00
Geo-HHI 0.1749** 0.0788 2.22 0.03
Busi-HHI 0.5347** 0.1590 3.36 0.00
Longtail -0.0892 0.1379 -0.65 0.52
Cat-Risk -0.4106* 0.2400 -1.71 0.09
Constant 1.5714 0.4621 3.40 0.00
Inverse Mill's Ratio -0.7661** 0.3370 -2.27 0.02
N 8388

Note: This table presents the regression results. The data is from all property-liability insurers'
annual statutory filings of National Association of Insurance Commissioner's (NAIC)
from 2000 to 2019. The variables are defined in Table 2. * p<0.10, ** p<0.05, *** p<0.01.

(Table 4) Group effect on reserve error using PSM method

Abs. (Reserve Error) = 80 + 81*Group + £2*NetAsset + £3"ROA + F4*Mutual +
LB5*Public + £6*Age + £7*Geo-HHI +88*Busi-HHI + £9*Longtail + £10*Cat-Risk + &

Nearest Neighbor Kernel Stratification
Matching Matching Matching
Abs(RE) -0.145™* -0.217%* -0.233™*
(0.073) (0.037) (0.051)
N 1212 1212 1212

Note: This table presents the PSM results. The data is from all property-liability insurers'
annual statutory filings of National Association of Insurance Commissioner's (NAIC)
from 2000 to 2019. The variables are defined in Table 2. * p<0.10, ** p<0.05, *** p<0.01.



HHISHT A3 MRS

Heckman®| 207 #EAERFS 53 24 At HH0F o7t Ausrls &
A& 2(=-0.33)9] BAE Hth &, HATIES 194 o2 7R A Hlsh A
THIE 3F80] ARkom, ol= BAIFCRE 1% oA FYsIith7Hd1, (Table 3)
Hx). ol 194 A E oA 4% IMR(Inverse Mills' Ratio) —0.76°=% 2{(-)<]
U2 Uerdlen, SARCR 5% ol Fofsteinh. E3t Avte] 7 dE #0171 9
sto] AFESulAHS F71A o2 AgYst At 37HA] uiA HHE(Nearest neighbor
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(Table 5) Regression results from ICM effect on reserve error

Abs.(Reserve Error) = 80 + £1*NetAsset + £2*ROA + £3*Mutual + £4*Public + £5*Age
+ B6*ICM + F7*Geo-HHI +88*Busi-HHI + £9*Longtail + £10*Cat-Risk + &

Variable Column(1) Column(2) Column(3) Column(4)
NetAsset 0.0770™* 0.0770™ 0.0790™* 0.0790**
(0.0142) (0.0319) (0.0143) (0.0320)
ROA -0.3581 -0.3581 -0.3633* -0.3633
(0.6456) (0.6785) (0.2066) (0.6890)
Mutual 0.3565% 0.3565%" 0.3591** 0.3591%*
(0.0514) (0.1214) (0.0533) 0.1217)
Public 0.1122 0.1122 0.1923 0.1923
(0.2376) (0.2938) (0.22898) (0.3014)
Age -0.0105*"* -0.0105*"* -0.0106*"* -0.0106***
(0.0005) (0.0012) (0.0005) (0.0012)
ICM -2.6294%" -2.6294* -2.6326*" -2.6326™*
(0.7810) (1.0629) (0.6568) (1.0480)
Geo-HHI 0.3432%* 0.3432* 0.3430%*"* 0.3430™*
(0.0732) (0.1704) (0.0651) (0.1707)
Busi-HHI 0.6421%* 0.6421 0.6293™ 0.6293
(0.2087) (0.4487) (0.1789) (0.4508)
Longtail 0.0695 0.0695 0.0942 0.0942
(0.1350) (0.2135) (0.1464) (0.2155)
Cat-Risk -0.6411% -0.6411 -0.6490™* -0.6490
(0.2309) (0.4450) (0.2710) (0.4484)
Constant 0.5303*"* 0.5303 0.6633"* 0.6633*
(0.1763) (0.3967) (0.1879) (0.4011)
Year fixed effect No No Yes Yes
Firm fixed effect No Yes No Yes
Pseudo R? 0.0884 0.0884 0.0915 0.0915
N 5417 5417 5417 5417

Note: This table presents the regression results. The data is from all property-liability
insurers' annual statutory filings of National Association of Insurance Commissioner's
(NAIC) from 2000 to 2019. The variables are defined in Table 2. * p<0.10, ** p<0.05,
% 5¢0.01.
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(Table 6) Regression results from ICM effect on reserve error after crisis

Abs.(Reserve Error) = B0 + 81 * Crisis + B2*ICM*Crisis + 83*NetAsset + A4*ROA +
B5*Mutual + B6*Public + B7*Age +88*ICM + B9*Geo-HHI +810*Busi-HHI +
B11*Longtail + B12*Cat-Risk + ¢

Variable Column(1) Column(2) Column(3)
Crisis -0.1853™** -0.1706*** -0.2335**
(0.0541) (0.0612) (0.1055)
ICM * Crisis -3.2074 -3.1799
(2.2038) (2.2085)
NetAsset 0.0778%** 0.0784** 0.0795**
(0.0142) (0.0319) (0.0320)
ROA -0.3716 -0.3720 -0.3638
(0.6599) (0.6917) (0.6888)
Mutual 0.3589** 0.357 1% 0.3573%**
(0.0514) (0.1216) 0.1217)
Public 0.1482 0.1550 0.1986
(0.2378) (0.2914) (0.2991)
Age -0.0106™** -0.0105%*** -0.0106***
(0.0005) (0.0012) (0.0012)
ICM -2.6560™"* -0.4994 -0.4993
(0.7658) (1.6815) (1.6824)
Geo-HHI 0.3423*** 0.3408** 0.3415™*
(0.0731) (0.1704) (0.1707)
Busi-HHI 0.6372%** 0.6757 0.6676
(0.2079) (0.4484) (0.4499)
Longtail 0.0932 0.0908 0.0918
(0.1348) (0.2133) (0.2149)
Cat-Risk -0.6460™** -0.7073 -0.7098
(0.2318) (0.4488) (0.4509)
Constant 0.6750*** 0.6596* 0.6439*
(0.1794) (0.3934) (0.4005)
Year fixed effect No No Yes
Firm fixed effect No Yes Yes
Pseudo R 0.0904 0.0913 0.0923
N 5417 5417 5417

Note: This table presents the regression results. The data is from all property-liability
insurers' annual statutory filings of National Association of Insurance Commissioner's
(NAIC) from 2000 to 2019. The variables are defined in Table 2. * p<0.10, ** p<0.05,
st

p<0.01.
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Abstract

This study examines the association between the insurers internal capital
markets and loss reserve errors of the U.S. Property and Casualty insurers with
multiple subsidiaries for the period from 2000 to 2019. While previous studies
have mainly focused on the effects of earnings management and motivation
thereof, we use reinsurance transactions as a measure of the internal capital
market to investigate its relation to earnings management through managers'
over- and under-estimation of reserves. Our results are as follows. First,
affiliated group insurers show smaller loss reserve errors implying an
alternative earnings management tool, or internal capital markets. Second,
insurers with greater level of reinsurance transactions have smaller loss reserve
errors. This indicates that insurers that transfer the risk to affiliated reinsurers
have an access to the internal capital markets and therefore have less

incentives to earnings management.

% Key words: Insurance company, Insurance accounting, Loss reserve, Income
adjustment, Earning management, Internal capital market,

Reinsurance
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44) 1bid., p. 930.

45) the motive of the insider, on whether the “insider personally benefited,
directly or indirectly, from his disclosure.”

46) SEC Historical Society, op.cit.

47) New York Times News(2016. 12. 6), “Timeline : A history of Insider Trading”.

48) CNBC News(2020. 11. 28), “Meet Ivan Boesky, the 1980s Wall Street titan who
inspired Hollywood — and ended up in jail’.

49) 19874 SECO| WREAAHE AlQlght. 299 AY9S Bosta, 19 279 H3d& A&
sk, Ao E S Az SA=HAU

50) SEC Insider Trading Policy.
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93] AL SECE 4] 9]
She A95D Z48hiA 8 Aotk

Sefeks 1988, 1. 1. A9 SUANY A105%04 WEAAR FA 3L
AVRITE 1991, 12. 31. Al 6 AN A1882R0lA YEAAg 2AE
T zgow Resln ynAe] Wels TAKoR FAIE ofd @A KA
A174z004 THT Yol Welt el e ¥ &% ARl e
o] EAIEA] QR & A Wele] eto] Q= Aol itk SECE # 99 HEAA
g0l SEA §10(5) % Rule 10b-52 sjafsio] o3t 4 lout ARAAES
Aol W91 Weks] FAst0] H 59 WEAAd ] o] olgrie Bl gtk

ot
tot

ol x} & Aolxl SECe] HskE AA|

2. &AL L XKInsider)2| 242
7} AR AHO]2(Knowing Possession Theory)

INEA B2 AEY &fABI= AEE IMAU AdE Jug 977t e
bg RO Af AT MY TAThs FEARFOIES0] Atk FEA ARl
SMEA 2 FEE st WRA ] AA HdolT

LRt FARAA] SAEA] 2 HEE ASSHAL Al JERE ASRE AJHOIA A

dshd AEo] 7Isto] Aste Aoz HO] AA Wt #bY g2 4 Sl

E. Powell Jr. H5i¥ 501 2J5te] AlQ1olFol22o = At

51) 7} Lewis F. Powell Jr. i@t 22 395 oujgict.
52) S 8H=UGE 8), A A, pp. 46-47.

53) YEARE E20]1 BE ARIE 233t

54) YAAG 19), &9 A, p. 218.
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L}, AlQlo]Fo]lZ(Fiduciary Duty Theory)

Aol 2827 AR Y T Bt 7] AARE i 595
AR o B Zo] AQIoRololks AlglojRolRe T4 HHR-ge]

E3} tfju]oto] 84 o]&(traditional theory, classical theory)2 A A=} 57)

i

1) Chiarella v. United States, 445 U.S. 222 (1980)

A7} Biitoll gt A4A|9 A (takeover bids)E U4lsl7] ¥ste] Pandick press
o} ARZ AZstuct QIFAIMA Aitel Bitd Aee A=A Agkont
Pandick Press®] Q181& Vincent Chiarellats Biite] A4SE FEsto] $41& vlj=s}
R AR AR Y] TN A& 415 v =sto] 39t He] 9 o] o}E FS3itt

ARIAH YL SEC v. Texas Gulf Sulphur Co. 9] FAHARO|Z 7|%35F HH
9] H5{parity of information)®2t} & FHASH HE HZ9 55X (equality of
access to information)ol] <5t 45 A5t oY Lewis F. Powell Jr. 7}
L3t O] v AL o & WSk W RAL HAE SASIt

A HYL FJHIZFEE WoT AlF9 TA(relationship of trust and
confidence)7} = 749 QA== Chiarella® Ajit-Biite] WRAE oflil Bjit=
HH 71" JHE 853t Zo] ofy7lo] ARIYNE FEokA] d=ral sigith vl%
7R A HEE T3] AfH{mere possession of nonpublic market information)s}
+ 745 SEA §10(b)E 28 4= glth= ZolH.

AQIoRe] pRIRE ABHoRE A oAb AHiEE 5ol
Al TEEIAY BFHE A F FLAEE A/ A2 =N, AF
JFF AL U= AL S| A2 YA 7] Sl Qi

gl

&

55) #zoll& Chiarella v. United States ©llA ARESE Hdo| mzt W3} AFQ] $A o]
E(Relationship of Trust and Confidence Theory)2& &34, Dirks v. SEC oA Al
QIolF e HEAS ARESE o]F AlRISjFol&(Fiduciary Duty Theory)2& E¥Ith UA
A 19), 4] A, pp. 221-222. & syt

56) YAAG 19), 9] A, p. 221.

57) Karen Schoen (1999). “Insider Trading : The “Possession Versues Use” Debate”,
University of Pennsylvania Law Review, Vol. 148, p. 243, 239-284.
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2) A1919}E0] 20| Ket

n37NE R ol82 SAF R Ofstolr HHEY. RAPE o] S8
ZHo] gt vERA9 5 (duty of confidentiality)S ¢JHlote] F-&3PH A tiito]

e FEREOIES A nlE7iE g . o8- ARt
FEREoIES 53 m oAt Alftd &= (@F =T AL 7Fs 8
HEE Aol ARSRoRA 85| iRt RS fRlshAY 23E ol 7hs
& F9YEE 11859 o7F glo] K-8 AE YulFitt o) RAPR-8olE RA
7b g ASS HE RS 785k AE o A9E A SRt olger

AR1OJFo| 23} HAR-EO|E2 AT B 7]5-5 gHr}.5960)

3. 3Al 2 XKOutsider)2] zH2!

no] Ale @ FE YHo| et R lstel ASAL @ AP o
o] Splstel ST RS S ]S o]8d AdsAL ® AR g
AN A71H St 52 ARG Ste] HRE SHBHE AT WA 5 Urk6D

7). B7pue] EAAE 24

IrEhe S5EE RollAe Bl HiRt JEY] £E85S o8 AdE
A7) ffsto] B o] 2-8Ert.02)

S7/N(tender offer)= FFolA 42 54 70l 54 7HEos wijg A
= BRche Ao B4 AVHET 2 7142 AARITE Rule 14e-32 374
k= =9l Alsto] WEAA o] tfesk= Sho]c}63) SECE Rule 14e-32 3IAL

58) Stephen J. Crimmins(3 40), op.cit., p. 5.

59) Washington Legal Foundation Legal Pulse(2021. 9. 7), “SEC Takes a Crack at
Expanding Misappropriation Theory to “Shadow” Insider Trading’.

60) dAtAR Lol United States v. Newman 664 F.2d 12(2d C1r 1981) oA #4548
O|EZ 483 v} glou}, AITHYS 19840 FAR-8olES 485t

61) Stephen J. Crimmins(3* 40), op.cit., p. 4.

62) Syt ARAPHE A174% 2804 I7Rulsol gt He 74E& Er

63) Jeff Lobb (1999). “SEC Rule 14e-3 in the Wake of United States v. O'Hagan:
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WEAZE ofd AL 37t HE RS IAeHAY AdE Ddctes 4
T A ARz 64)65)

SECE AoiHde] w2 oo Rule 14e-39] A&A ou7t Z2Hd 7oz B
ottt A=k Ydo] SEC v. Texas Gulf Sulphur Co. 2F Zo] FHAGo|Z0] ulz}
TSP Chiarellaxs BEE 3754 AdE TEsioF SEEE Rule 14e-39] A
A& oJu]7} Qict.66) Chiarella v. United States oA A¥tisgo] W3} A=<
TAE AXRE o]F Rule 14e-3 AAIA oulE 7KXA €. AQIQIFE 8702
SHA] 9= Rule 14e-39] ZH/do] it of&o] A7|=A o, SEC= AdtiRiHo]
SEA §14(e) ¥ Rule 14e-3°] w3t SECO| HIRZ AIZHt 4= Qlryal qcho7) B
w2t WS SRt AR 229 2 olF W FRAPHE AR AR Hie
4 SAL ZE AHE FAISK= Rule 14e-32 Chiarella®] AH{2F AA|gHct.68)

United States v. O’hagan oA AFAH U] Rule 14e-32 AIRISF 9HkS
87102 sk gh= A 52 &A= SECY HgE Hold T HH2lolEal sl
U, o€ SECY] dgt #I9lell &3tehar shich.69)

. B49-80]&(Misappropriation Theory)

2% Dorsey and Whitney2] M3 A} James O'Hagan®| 117§ Grand Metropolitian
PLC7} Pillsbury Company?] A&E-& QI43itl= AME o]870)5t0] J3HE 4o

At AWHEYS United States v. O'Hagan, 521 U.S. 642(1997) oA A&E2 Al

Proper Prophylactic Scope and the Future of Warehousing”, William & Mary
Law Review, Vol. 40, p. 1858, 1853-1884.

64) Samuel N. Allen (1981). “The Scope of the Disclosure Duty under SEC Rule
14e-3", Washington and Lee Law Review, Vol. 38, p. 1059, 1055-1073.

65) Chiarella v. United States °JA7[|+= FHAFO|Z0] wet JHO AF AAA
A LA WAL HE7] wiEolth

66) Samuel N. Allen(Z 64), op.cit., p. 1059.

67) lbid, p. 1060.

68) SEC Historical Society, op.cit.

69) Jeff Lobb( 63), op.cit., p. 1859.

70) AEel oohr] oot A Azte] 5] =98 EX g 7HsAdS AR
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Qlojol 2ol w2l U] WSS PAHRE0lR] et AR YRR Ithsto]
Ay AR YS3 TEAFRARE vito Wt Al gulsle] At

A Tt AHEAROl 2ot AlR1o1Fo &0 vis) A4 o7t St 7

filo
ot

A

rr

o}, RSP Tippee)2| A

Qe AEAPES A174E BB REAAR o183 A178R2 AR W
UYIE WS FEIt] 2% AniuAe HEAELYR o FAoRe] 4
A7} bl gio] SIS eHerh 7D mlEolAl: o2 85} eRer

WAt AR HE Al A0S SIS, ARSHAE ofF kAL sk

ofof 31w Hxo| T B AN Y RS RyE) 13 JREHAAN

oh 97 RSP JErt RS SpIste] MR iR W] ofy
ok AN WESKe SEAHC] BHS TEE U AT N olng EAshE
BAA] AT 4RE Bt Foln] A Bl
oh 97 RSPt ARE usle] JErt A2E LS QAL Tkl

of SH=A] ST ofgIth 79

fu
ol
e
o))
lo
(o
)
ox

1) Dirks v. SEC, 463 U.S. 646 (1983)

B gt B2 B4 ZFE Algote Ak d€¥Y Raymond Dirkse
Equity Funding of AmericaZ} AR 1o}t AXSIIck= AgS T2, FAF o}
oA Equity Funding of America FA& H-G35F X419} o]& ojsit} Exx}

+ WA Raymond Dirks7} @74 X153 JE-E =73t Aot

71) SEC Historical Society, op.cit.

72) Tt 2002. 1. 25. A3 2000=90 E; 13} HESLHA YRS SFHolal ol 2t
2 ol&st= FHoll 23 FESFAL 71t A THol Y = Stk 13} FESH
2] Aefzh AAEt Y 2009. 12. 10. A3 200856953 T,

73) BABESHAE 12F 97 0|3 9] YF AR St

74) Austin J. Green (2017). “(Beyond) Family Ties: Remote Tippees in a
Post-Salman FEra”, Fordham Law Review, Vol. 85, pp. 2798-2799, 2769-2802.
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SECx WRAPIAl BEE 33 F7EA WEAY] 975 SA(inherin?thal
FAsI o, ARt YRR 71918 o](personal benefite T 571
o] 87ET Y jroEN WHAE Attt 7= Ui AR FoRprt Apust
A Fo A Fst] ofgal eFol yEht APS Gofl ekt A 71
H]3] B8 753t tto] AI3HAQl SEC] RAto] ofzgo] Y71 Zolt}.75)

2) HHE-Xt 210 Z2H0j| CHSH =74
AuigAL I MRS RER o AloRE Rgdls gudg

AmpE YRE USSR Sune] HUe dwAdN gtk WAL S

o] Kl gEKlel Q1A ololg gisiol NS MWL, +HAE olF YA

Stolof S A% RE o &akd £ A tholct

FAEAIRTE JEAZY g7peg AU AFolu 7oA AE(gifnE

18 AgspE ZJRLE olojo] Sk AC B % ek

United States v. Newman, No. 13-1837 (2d Cir. 2014) oA dFAHLS

7 JHA AEE AEE ATt A= AR 347 o] &2 o A4

S}= o]ojo] ZwEojof Fhhal o] Dirks v. SEC oA FA] olgslyion79

Salman v. United States, 580 U.S. (2016) oA AYiHAL A1 oA A

HE A5k 7914 )9S et 4= Jltkal 5tof Dirk v. SEC & A&RIgct.80)

United States v. Blaszczak, No. 18-2811 (2d Cir. 2019) oA HAR= 7]e] H]

75) SEC Historical Society, op.cit.

76) Newman v. United States o4 ti7l= 34 - A3tzo| FA43E FHZo|AY olof 4
S3l= o]¥(exchange that is objective, consequential, and represents at least a
potential gain of a pecuniary or similarly valuable nature)e]ojo} 3tthil it
‘Jon Eisenberg (2017). “Insider Trading Law After Salman”, Harvard Law School
Forum on Corporate Governance 9] W82 Zarsl3ict.

77) Dirks v. SEC ©]%& Z|Ql(acquaintance)< friendZ 1¥E 4 AY O Newman v.
United States oAl E¥35] W& A (meaningfully close personal relationship)2t
1 3o, YARA 82 Al&|(casual or social) TARE FESIA] Lrkal 19Tt Jon
Eisenberg(F+ 76) < #arsioict.

78) Stephen J. Crimmins(3* 40), op.cit., p. 6.

79) Tt SRR Yo] Dirks v. SEC oA ogdt A& oYt}
80) Jon Eisenberg(F 76), op.cit.
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g FHES AEHE fEst] SRHE] AEHA o woA I HHAR|E AH]A
dE AeZ SEA 810b)& Code Title 18 §1343(wire fraud)-§1348(securities
fraudE 7145kl AWFAHYS Code Title 18 7HQIA olelE SHE L7t ¢l
TRl BARICE SEAZF 7HR1A] oo et Uit AE ol82 SAste] ARS] AR
= ZXsp7| 9l APgE Zol2hd Code Title 189 APl B

(embezzlement)ollA 2t Zlo]al, o fftolut 7jQlA o]ejo] HEF FHSH]
Jeittal sfo] 84S Aslst Aol

SECE Code Title 189 W& AAE A< Hdto] it IAkadS =4 o4
= HAl(beyond the reasonable doubt)& AZATH S0 QFEH AT AHHAGEALS]
AH olds FTEYE "QE gt SECF Sdoks WAASS FAY 994
(preponderance of evidence)2. & ZFESIAE 71017 o] FHsfof slHZE WA}
A7} et Beed Atz ojod 4= Qlrk.8L)

ol At Yol WA npr|ohal AYFLHUC R SkEolm 2pHETt82)

Mo
o
I
ol
‘ru
Jl'N

o Ap1A S A4

Q3o A Oleksandr leremenko’} AF1A a7] 714&(deceptive hacking
technique)S ©|-85t] EDGAR8SI| H&slo] F/MEA] 2 2] HRE FE3l0]
AE7E S/ W7 6789 A1 TR 27119 713 FARRRRE S wlsTl A
RS Aol ol8siSirh a4 15770 49 BEE gRlsie] 4107 2 o]9lS
E510ith84) SECSF AdamdS 9] AEO 37 A olF siste] 1 K
7180 At B WEAAARE AT 5 AL siGiH. AlQIS)Fo| @850 7

81) Cleary Gottlieb Article(2020. 1. 13), “Second Circuit: Criminal Fraud Statutes
Do Not Require Prosecutors to Show that Tippers in Insider-Trading Cases
Received a “Personal Benefit™.

82) Blaszczak v. United States, 2021 WL 78043 (Jan. 11, 2021).

83) Flectronic Data Gathering, Analysis, and Retrieval system®& SEC7} 2YFsk= &
Al Aladlolt), fEjuEte] F805Y DART AlAgF FALSHT

84) SEC Press Release(2019. 1. 15), “SEC Brings Charges in EDGAR Hacking Case”.

85) dA7F AL AQIYFEE Fslttal BY|= ofFoh



YA HHZEAT MB3H H2S

F8olzs00] w=w AT 4 GOtk AN A1 He A48T B9 2R
A1 29 A8 4 ek SV B sk gk A wske Eseh
Sfol K2R oFHS ol§SATA A1 Suiolet B Sb gly, Folo] A

251914 Tetsie el

2

Aol

°

uf. WA wele) A4 S Al

SECE WA A dide A&HoR dshes Al 2t SEA §10(b)
% Rule 10b-59 XA AP|EA] £3o=z WRAAARE A5 deol ¥ +9
SEAPo &9l th8o] 7hssith SEA AW BAl 2EA AP|EA 239 FA|
7F BAIEA] 2 SEAPIC] T Hi8o] 7Hssies el Aol WRA HAE
A& gsh= SECY] Hikew= ERRlo] AT 4 fle AHA Hdske A= A=
iAol xke & Qloks At A st ARE FASH sk B3t dth
A WREAZE A7 Eos e 4 vkl AZshE AE ddstA Fof
S Aldo] 2444 Zolch

Ak At Plizer’t TF A& A5 oF= HIo|Q A2k ZJAF Medivations Q148

= JHE ZESE Medivation?] AFA7E 9@ 4% Matthew Panuwat2 34|

Medivation?} IncyteE H|W5FHIL I+ Medivation®] Pfizero] 2145H Incyted
F7PF ASE Zolet wdslth Medivation©] Pfizero]l Q¥ S A%
Incyte?] F7R= 8% 4355t Matthew PanuwatS 119 9] o]olS 3E5}
At Medivatione] WRAFAZ B2 Matthew Panuwat®] JF 3 5 AS53 4
w0l Jlajo] ofugt AEle] FAE Adte 4 YES FHSACL) SECE
Hegolee Hefalol YAt GRA ASe HRol Zjst] e sl 4
806) SiAH7t x| tigt HIEFA TS FEItal )= ofHH.

87) SEC Press Release(2021. 8. 17), “SEC Charges Biopharmaceutical Company Employee

with Insider Trading’.

88) Thomson Reuters(2021. 10. 1), “SEC agreesiveness casts a shadow over corporate
insiders’.
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S A#fgt B$-% SEA §10(b) ¥ Rule 10b-5 9Julo] figstctar weksict,

AlR1o)Fo| 8ol wt WRARS, AHEf-8olEo] wet RAE FfAlsh FHA
o] Bx3t 9 HR7|&0 ¥ o8 Ace T 43 SEA = WA |
N5 ol A0 & -8Rtk

4. HHo| £QM(Materiality)

HWRAARZE sk d A7 F27%8H(material information)E ©1-&3foF
gtk 19609H] FHP7HA= WRAAR ] A A ds, olf= WA AA
ZAMEAS] HDE SHOE =97t o]Fol4 Fa4go] gt == HlwH A
o} Q4L s EXKHreasonable investor)E 7|&0=2 FIE WHEAZ £
UEA] o7 5= Wk 2 0= HAlrh

FARAE iR AAREE #5s] S8l 42 ARt 583 dEe 1A

Helel F7Rt BARte] Bt givol] ek u)d 4 glojok diTk. 1 R AR
249 WAt ¢lu SR F23 OIS AL Zold Fuskt solo] &

3 WS35 719e] Q4 sl Be S2-uae] 2A-EUE 2] w
39910 W7 A28 AEC) £4]- 20 AAgAe] ¥E 52 olujgict89)

240 et et 7128 gitk. SEC: 54 YEE F8sithn L7t ofo}
& 9 7h5Ao] Rl se] 1 Ano] Fe4e sis 4 glod kad Aust
2hE ) AdE s e Aol ehgeitha wheln otk ARol R4S B
et FRke SECS} Mo Q7] whzolct90

24 RS O g B B4 24 aFT A @ ) A Gt FA
olg 7Rsat ol Eiotal mixo] AN WSS AL AOR B & Qi 4}

I3t 7§99 (substantial likelihood)o] 34 ©f F-2/d0] Q1gHct.oD

>~

89) SEC Insider Trading Policy.

90) 2013 Insider trading policy.

91) Joan Macleod Hemingway (2012). ‘Just Do It! Specific Rulemaking on
Materiality Guidance in Insider Trading’, Louisiana Law Review, Vol. 72, p.

1008, 999-1054.
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SEC v. Texas Gulf Sulphur Co. 4 AFAHALS FEO| wfx=F, AA| 7
o 5 AE7} SAEA Lol S84 AR A Z|A(probability) @ F
QX (magnitude)S 34| HAA E-5(totality of the company activity)= &5}k
of gheketttar sl

324 AFHreasonable man)o] Z2FY W F24LS Fol(attach importance)st
A oj5of wt wsi, S0 FFS HIAEAIE 7eo® S

1976 AL HLS TSC Industries, Inc. v. Northway, Inc., 426 U.S. 438
(1976) °IA += AHd(omitted fact)o] BN S dd FAA A ol& 7t
5%t JH(information made available)?] &3to] vl ojof T Algst 7fAAJo] 9lo]
of TP Jitk AtiHe] FET IR s dYH 57 Fasithe

1T £ e BE FENE Jultiths 7ES Aol 9 kg4l A
Aol 27 ol 3lol 3191 #A| B2 e Ao SRS FolsheA] o R
£ 710 & 513tk

Basic Inc. v. Levinson, 485 U.S. 224, 238 (1988) &= £9A42 324 EXxp7}
245AY 519 HA|E AH(withheld or misrepresented information)o] 2j]
(significance}& F-oI5k=A] of o] et Rithal 541 95)

TSC Industries, Inc. v. Northway, Inc., Basic Inc. v. Levinson & $8/49] Tt
71%E AR dAo] 28570 megt Fio] gt i R AR
o] I B2 W82 1A AR BAOl ofEste] wEtdlof stHE F2449] 8st
3 FYE Wele A2 ogrho0 H3E 7S AXlele Ao] HEe B £ 3

92) An omitted fact is material if there is a substantial likelihood that a reasonable
shareholder would consider it important in deciding how to vote... Put another
way, there must be a substantial likelihood that the disclosure of the omitted
fact would have been viewed by the reasonable investor as having significantly
altered the “total mix” of information made available.

93) all facts which a reasonable shareholder might consider important.

94) whether a reasonable man would attach importance to the fact
misrepresented or omitted in determining his course of action.

95) Mark J. Loewenstein (2018). “Thinking Fast and Slow About the Concept of
Materiality”, Colorado Law Scholar Commons, Vol. 71, p. 856, 853-868.

96) Joan MacLeod Hemingway (2003). “Materiality Guidance in the Context of
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<t FAFCR WRAAAE Al=stEe Al et 7IEe AlAsiE Wi A
HE 8 At St e £84L s & Atk 7IEel AUAA
AdAshd yRAe] Hojo] i AFEA @& Aolal, 7IEe] AuRA deiEH
SAKE T ¢ FEE 36k 7H] s RS AAEsH] of#E Aotk

842 Holl BAIZ & Qirth FEIYRr ARAPIHEE TR B4 g F
o IFS vE ¢ Qe FEE P He2 4l AR fsd] |l
B AES 2Hcket $8% 7RIV e AEE Qfuidtial wAR dut
FARPE el 7Hsi #sd 7Hel S 9= TR 5 %e AR
98 2% JHO FHE AR EASHH 23] 7)o ZIEA o= A
He BF WRAPE ol 88 "Hoke AZ #Rlske Zo] "ot I¥val Be A%
< diSsto] mE 289 FEE 99 glo] I otk WA A= F8
g 5 Aol gdthe JEe A4 88 & oAl fEst] E5gtital T
= Adle FEoleE 450 RS FAISk= Aol Eidsit.

5. M&9| 0|Z7H4(Non—Publicity)

T8 A & WA WR A= 1 ZE| 7)ste] F4Z Asisle o |
ot B AEE AES ARte] dosiE=E FEVF INET 4 ARE B &
nj37ido] siaEch HHZA Aup FeHAPEIA-ARIEBA - JERE - Z AR
AR 532 B9 HEZE Aol HuKcalculated to reach the securities
marketplace through recognized channels of distribution)=|1l, FXAF HEE 7
3} 314 A|7Ha reasonable period of time to react to the information)o] 87+
ok 370 WA A Az disiA HECl TFAEEA Qgtont e HEA
4, SECOl 1% & 2 94 Y(business day)e] F1st o] 2kl Hr} 99)

Insider Trading: A Call for Action”, American University Law Review, Vol. 52,
pp. 1152-1153, 1131-1212.
97) lbid., p. 1154.

98) T 2017. 1. 12. A1 2016%10313 ¥2 5.
99) SEC Insider Trading Policy.
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Seutet ARAPFHS A A201%] AR B SAS SitE TAE 8
AL TRt JuEAe] WeR FAASe] ASeh HRE ST 4 Wil 2 3
Qo] APV ARG FASK AL ok gk Pl vl ik

e} AP o] AHIA 0 Bl

6. HHo| 0|8 : L5 HHO| 7|gKon the basis of) 2

WEAZE A Aol HEE XE(was aware of)5kal AUACHH Rule 10b5-19]
ofsto] AHo] 7]8f(on the basis of) ARt Ao® FAHN, YA} 2=
(affirmative defense)loiof i}t Rule 10b5-1(b), (09 AFEAHAEES A|=3s}
= A7 AlE Ao UiF BEE ERSHA 29k, A Al iR JEE A5
steEie WRAANE EA] =100 ApdFog ARALS Avd 4 Q= A
L7} Ql2olt AlarshA] il Afshd WRAAH 2 sk 7hsdo] T

AFAARAG HE Adle © A" Al GA WA JERE AFSHA] otoF
St @ A T GAE AW 2T BA(EA daEls- 2O
AABHEAY, WRAFEZE gl A3ARA AHow AEsiAY @ Algo| w2t A
A A7} o] Fo1Aof 5hH, A= AL FAE oA = QF Frt 10D

WEAZE HEE ol8sHA Mt F42 A& Adsid SEARES] 3443
g A=7F AskE & Utk fEuRlE WA ARASAE g =dsto] A
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Abstract

The jurisprudence of insider trading law in the United States is established
through the interpretation by the Securities and Exchange Commission(hereinafter
referred to as ‘SEC’) on §10(b) of the Securities Exchange Act of 1934 and Rule
10b-5 confirmed by the court decision.

The United States Court of Appeals” decision on the SEC v. Texas Gulf Sulphur
Co. declared insider trading a securities fraud in 1968. The Supreme Court’s
decision on the Chiarella v. the United States, Dirks v. SEC, and the United States
v. O'Hagan further developed the jurisprudence of insider trading law. The SEC
continues to expand the legal principles of insider trading to respond to new types
of insider trading.

As of May 2022, the Insider Trading Prohibition Act is pending in the United
States Congress to codify insider trading laws.

I believe that United States legal principles of insider trading are worthy of

reference to restore fairness in the Korean capital market.

% Key words: Securities Fraud, Insider Trading, Non-Face-to-Face
Transactions, Duty to Disclose, Fiduciary Duty Theory,
Misappropriation Theory, Anti-Fraud Provisions, Insider
Trading Prohibition Act, Unfair Securities Trading,

Securities Exchange Act of 1934
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l. Introduction

Innovation encompasses activities that bring about benefits to the firms that
develop them and to competing firms and consumers. According to McKinsey
(2018), the average longevity of S&P 500 firms in the United States was 90
years in 1935, but it decreased to 14 years in the 2010s. Innovation activities
are essential for firms to survive in the midst of a rapidly changing business
environment. However, firms uncertainty about the success of innovation
efforts is a significant stumbling block. Given the amount of capital that is
typically required in undertaking such projects, corporate managers can be
reluctant to pursue innovation. As Bhattacharya and Ritter (1983) note, firms
that invest in innovative projects tend to disclose minimal information about
their projects for fear of a leak of sensitive information. Such a leak would
increase the information asymmetry between insiders and outside investors,
who would then tend to undervalue the firm. Accordingly, the firm often finds
it difficult to raise enough funds to carry out innovation projects.

Early literature on finance and innovation documents the importance of
public equity markets to financing innovation (Brown et al. 2009; Hall and
Lerner 2010). Acharya and Xu (2013) find that publicly traded firms innovate
more through high-quality patents than private firms do, especially in
industries that tend to depend on external financing. This body of research
points against using banks and debt issuance in financing innovation.
However, more recently, evidence that banks play a pivotal role in financing
innovative firms across a broad range of industries is growing (Cornaggia et al.
2015; Hochberg et al. 2018; Mann 2018; Mitkov 2020; Robb and Robinson
2014: Yi 2018). Kerr and Nanda's (2015) review emphasizes the importance of

bank financing of innovation and states that how banks lend and monitor the
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financing of innovation is an important and underexplored area of research.

Given the importance of debt financing for innovative firms and the typical
difficulties in acquiring equity financing, this study focuses on the effect of
firms’ innovation activities on their choice of debt maturities. While extensive
literature has studied the firm-level determinants of debt maturity and the
effect of debt maturity on firms' value, few studies address the empirical
determinants of debt maturity for innovative firms in particular.

We seek to fill this gap in the literature. Using Korean firms that are
required to be audited by an external auditor, we empirically investigate the
relationship between debt maturity and innovation. To our knowledge, this
paper is the first to use innovation metrics based on patent data in Korea to
explain the maturity structure of debt. Our results have implications for
governmental regulatory bodies, financial institutions, and innovative firms.
Supporting innovative firms that are financially constrained in achieving their
optimal growth are important tasks for both government and financial
institutions.

Our study's theoretical underpinning is agency costs, as analyzed by Jensen
and Meckling (1976). If a firm has significant growth opportunities, a moral
hazard problem can arise because the managers have capital at their disposal
and can behave in ways that are not in the best interest of those who supply
the capital. Therefore, the bondholders who supply debt financing for a firm
that invests in projects that have such growth potential can demand a higher
cost of capital. As Myers (1977) points out, in such a case, the firm may reject
an innovative project with a high expected rate of return because most of its
profits will benefit debtholders. A remedy is needed: For example, the
bondholders and the managers (who act in the best interest of shareholders)

can enter into a capital supply contract by which both parties can share the
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benefit of a risky project with large growth opportunities, and using
short-term debt can serve such a goal. Barnea et al. (1980) predict that firms
that have significant growth opportunities will increase the relative weight of
short-term debt because it offers financial flexibility and promotes future
investment opportunities. Barclay and Smith (1995, p. 619) state that “a firm
with more growth options in its investment opportunity set is likely to have
less debt in its capital structure, and the debt it issues is likely to have shorter
average maturity.” Aivazian et al. (2005) find that shorter debt maturity is
associated with more investment for firms with significant growth
opportunities.

Based on these arguments, this study focuses on the underinvestment
problem in the context of agency conflicts between managers and debtholders.
We predict that the more active a firm is in innovation, the more likely its use
of short-term debt. To test this conjecture, we use patents as a proxy for a
firm's growth potential because patents represent the outcome of successful
innovation investments. Specifically, we investigate the relationship between
patents and the maturity structure of debt. Our sample covers all listed
corporations and unlisted private firms whose financial statements were
audited by external auditors in Korea from 1999 to 2014. Our sample is suited
to studying the determinants of debt maturity because it contains a large set of
private Korean firms that rely heavily on bank financing (Kim et al. 2011). We
use patent applications (i.e., filings), patent registrations (i.e., grants), and
patent citation counts.4)

Two-stage regressions, where leverage is determined simultaneously with

debt maturity, reveal that more innovative firms rely more on shorter-term

4) Following the terminology used by the Korean Intellectual Property Office, we
use “patent applications” to refer to patent filings and “patent registrations” to
refer to patents granted.
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debt. Our results are in line with the predictions of theories that focus on the
underinvestment problem and information asymmetry. From the perspective
of the government and financial institutions that want to promote corporate
innovation, our results suggest that providing easier access to short-term debt
markets is more important than improving access to long-term debt markets.
The rest of our paper is organized as follows. Section 2 briefly reviews the
existing literature on the maturity structure of debt and sets up our
hypotheses. Section 3 describes our data and reports on the empirical
relationship between the number of patents held and the maturity structure of

debt. Section 4 concludes the paper.

I1. Hypothesis

Myers (1977) argues that short-term debt can mitigate the underinvestment
problem caused by agency conflicts between debt holders and shareholders.
Firms that have risky outstanding debt can reject new, potentially profitable
projects and underinvest if substantial portions of the projects’ payoffs would
accrue to debtholders. Shortening the debt maturity reduces this
underinvestment problem because it allows debt to be refinanced before the
investment option expires. Myers predicts that, because firms with more
growth opportunities face more underinvestment problems, they have
incentives to use shorter-term debt. Consistent with this prediction, Barclay
and Smith (1995), Guedes and Opler (1996), and Barclay, Marx, and Smith
(2003) document a negative relationship between debt maturity and growth
opportunities.

Titman and Wessels (1988) find that firms that have significant growth
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opportunities tend to employ debt with maturities that are shorter than the
duration of the investments. Repayment of debt before the investment project
is completed can resolve the underinvestment problem. Flannery (1986) also
claims that firms that have more growth opportunities prefer short-term debt
to long-term debt, while firms that have fewer growth opportunities are
characterized by a low degree of information asymmetry and are less sensitive
to the choice between short-term and long-term debt. Flannery (1986) predicts
that firms that do not have growth opportunities will resort to long-term debt.
In summary, then, the literature predicts that innovative firms that have ample
growth opportunities will favor shorter-term debt in an effort to attenuate the
underinvestment problem. Therefore, we hypothesize that innovative firms
prefer short-term debt over long-term debt.

The literature uses two proxies to capture innovation activities: R&D
expenditures and patents (Fang et al. 2014; Lerner et al. 2011; Park 2021; Yim
2021; Seru 2014). The consensus is that patenting activity is a better proxy
than R&D expenditures because patents reflect how effectively a firm has used
its innovation input, while R&D expenditures measure only input activities and
not the quality of innovation. Therefore, we use a firm's patenting activity to
measure its innovation activities.

Firms that have significant growth opportunities prefer short-term debt to
long-term debt, a preference that is likely to be revealed if these firms
anticipate comparatively certain outcomes of their innovations. Therefore,
instead of total patents applied for (i.e., patents filed), we consider the number
of patents registered (i.e., patents granted) and the number of citations per

patent granted as better proxies for a firm's innovation activities.
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lll. Variables for Empirical Tests

1. Dependent variable: Maturity Structure of Debt

To measure debt maturity accurately, we need to collect data on the
maturity of each type of debt a firm issues and calculate a weighted average
maturity of its debt. However, disclosure of information on a firm's debt in
terms of its maturity is not mandatory in Korea, so it is not available. Instead,
we use the proxy variables that allow us to secure the maximum number of
firm-year observations: the ratio of non-current liabilities to total liabilities
(DEBT1) and the ratio of long-term borrowing to total borrowing (DEBT2).
Long-term borrowing is defined as total liabilities minus the items that are not
related to borrowing, such as accounts payable and allowances. Our intention
is to exclude items that are unrelated to borrowed funds that are raised by
debt financing. Although DEBT2 is conceptually a better measure of debt
maturity, using it as the dependent variable costs us a significant number of
observations because of many missing observations, especially of unlisted

firms.

2. Treatment variables: Innovation Activities Variables

Measures that represent innovation activities include R&D investment, the
number of patent applications, and the number of patent registrations.
Although the ratio of R&D investment (expenses) to total assets is the most
widely used gauge of a firm's innovation activities, it does not represent
successful innovation, as high R&D expenditures do not guarantee successful
innovation and do a poor job in measuring innovations quality. If managers

spend too much on R&D without enhancing their innovations’ quality, such
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expenses can hinder innovation. Aghion et al. (2013) propose that
patent-related variables is a better choice for measuring corporate innovation.

Patent registration involves a difficult process. In addition, there is a low
probability of transforming a new invention into a successful product. A
monopolistic market for an innovative product can limit profits when others
mimic or steal its features (Teece 1986). Unlike R&D-related measures,
patent-related measures provide information about the successful outcome of
innovation, so their use is more appropriate in analyses of innovation
activities. However, since patents differ in terms of economic value, we must
also consider the quality of an innovation by examining citation counts and
the country of registration, rather than relying only on the number of patents
registered. For example, Trajtenberg (1990) weights citation counts to
determine patent quality, and Putnam (1996) considers the country in which a
patent application is filed. We employ both quantity- and quality-related
measures of patents: Our measures for the quantity of patents are the number
of domestic patent applications and the number of domestic patent
registrations, and our measures for the quality of patents are the number of
patent applications made in five or more G10 countries outside Korea, the
number of patents registered in five or more G10 countries outside Korea, and
the citation count. Specifically, we construct five variables that measure a
firm's innovative output.5) The first, APATD, is the cumulative number of
patent applications made domestically by each firm from 1999 to the end of a
given year. The second, RPATD, is the cumulative number of registered
patents made domestically from 1999 to the end of each firm-year. The third,
APATD, counts the cumulative number of patent applications made in five or

more G10 countries outside Korea from 1999 to the end of each firm-year.

5) Definitions of these variables are provided in the Appendix.
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The fourth, RPATF, is the cumulative number of registered patents made in
five or more G10 countries from 1999 to the end of each firm-year. The last,
CITED, counts the cumulative number of citations by other patents (i.e.,
non-self-citations received by each patent) from 1999 to the end of each
firm-year. To avoid losing firm-year observations with zero values, we add 1
to the actual values of these variables when calculating the natural logarithm.

Thus, all measures are calculated as /n (I + measure).

3. Control Variables

We use several control variables that have been suggested in the debt

maturity literature.

1) Firm Size

Large firms tend to have stable cash flows and more assets that can be used
as collateral than small firms do, which allows them to carry more debt with
longer maturities. Barclay and Smith (1995) and Stohs and Mauer (1996)
document that debt maturity increases with firm size. Barclay and Smith (1995)
reason that large firms enjoy scale economies in issuing public debt because of
a large fixed component of issuance costs. Small firms tend to choose private
debt because of its lower fixed costs and lower issuance costs. Therefore,
small firms typically choose short-term bank debt over public debt. In
addition, Barclay, Marx, and Smith (2003) find a nonlinear relationship
between debt maturity and firm size. They observe that very large firms
dominate short-term commercial paper issuances because of the large fixed
costs of commercial paper programs. Accordingly, very large firms are likely

to have shorter maturities of debt than those of medium-sized firms. Diamond



HHISAT HI3H M2

(1991) predicts such a nonlinear relationship between debt maturity and firm
size. Therefore, we use both firm size and firm size squared as our control
variables. We use the natural log of total assets, LN(TA), as a proxy for firm
size. The expected sign of the coefficient for firm size is positive, but the

expected sign of the coefficient for firm size squared is negative.

2) Leverage

Diamond (1991) theorizes that the higher the leverage, the larger the
liquidity risk and predicts that firms that have high debt tend to favor
long-term debt. Similarly, Morris (1992) argues that firms that are highly
leveraged tend to issue long-term debt to delay their exposure to bankruptcy
risk. Leland and Toft (1996) predict that optimal leverage depends on debt
maturity, and when a firm relies on short-term debt, its leverage will be
markedly low. In contrast, Dennis et al. (2000) argue that leverage and
maturity should be inversely related to limit the agency costs of
underinvestment, but the relationship between leverage and debt maturity is
uncertain. This study defines “LEVERAGE” as the ratio of total liabilities to
total assets.

In practice, decisions about leverage and debt maturity are made
simultaneously, so both variables are determined endogenously. We address
this endogeneity issue when we investigate the determinants of corporate debt
maturity. We employ a two-step instrumental variable regression approach:
We use return on assets, tangible asset ratio, and firm age as instruments to
estimate leverage in the first stage regression, and the estimated leverage

enters as a control variable in our second-stage debt maturity regressions.



Corporate Innovation and Maturity Structure of Debt

3) Credit Quality

According to signaling theory (Flannery 1986), in a separating equilibrium,
only high-quality firms can issue short-term debt to signal their quality
because they can afford the transaction costs of rolling over short-term debt.
Kale and Noe (1990) and Titman (1992) extend Flannery’s equilibrium theory
in predicting the same inverse relationship between a firm's credit quality and
debt maturity, even without imposing transaction costs in raising short-term
debt. However, Diamond (1991) suggests a non-monotonic relationship
between debt maturity and the firm's credit rating by predicting that firms
with very high and very low credit ratings choose short-term debt, whereas
firms with medium ratings opt for long-term debt. We use Altman Z-score as a
proxy for the quality of a firm's credit such that the higher the Z-score, the

higher the quality of a firm’'s credit.

4) Asset Maturity

Myers (1977) states that firms can reduce default risk by matching asset
maturity with debt maturity and predicts a positive relationship between asset
maturity and debt maturity. Later studies offer supporting empirical evidence
(Barclay et al. 2003; Guedes and Pler 1996; Ozkan 2000; Stohs and Mauer
1996). In a survey of 392 U.S. firms, Graham and Harvey (2001) find that
matching debt maturity with asset maturity plays an important role in
determining whether to issue short- or long-term debt. Therefore, we expect a
positive relationship between debt maturity and asset maturity. Studies
typically use the ratio between fixed assets and depreciation expenses as a
proxy for asset maturity. However, given the lack of depreciation data for

most of the unlisted firms in our sample, we define the “fixed asset ratio”
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(FIXED ASSET) as fixed assets divided by the book value of total assets and use
it as our proxy for asset maturity to compare with our measure of debt

maturity.

5) Governance: Managerial Ownership

Datta et al. (2005) and Guney and Ozkan (2005) argue that managerial
ownership has a negative effect on debt maturity based on agency conflicts
between managers and shareholders. If managers level of ownership of the
firm is low, they will prefer long-term debt to avoid frequent monitoring from
outsiders. The higher the level of managerial ownership, the more likely
managers are to embrace short-term debt, as their incentives will be aligned
with those of the shareholders. Because of data availability, we use the level of
ownership of the largest shareholder (LARGE OWNERSHIP) as our measure of
managerial ownership, as we assume that the largest shareholder’s ownership
includes manager’'s ownership in most of the private firms in our sample. For
listed corporations, the largest shareholder’'s ownership reflects the intensity
of monitoring, so it can be a reasonable proxy for the quality of corporate

governance.

6) Debt Tax Shield: Marginal Tax Rate

Kane et al. (1985) show theoretically that optimal debt maturity is
determined by a tradeoff between the debt tax shield and costs that are
associated with debt issuance and bankruptcy. They find a negative
relationship between the debt tax shield (i.e., the effective tax rate) and debt
maturity but also that the cost of debt issuance is positively related to debt

maturity. Hence, tax rates and debt maturity should be inversely related to
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ensure that the tax benefits of debt are not less than the amortized flotation
costs. Because it is difficult to estimate the effective marginal tax rate the

firms in our sample face, we use taxes divided by total assets as our proxy for

the debt tax shields (TAX).0)

4. Data
1) Sample Selection

We obtain general information on patents from the Korean Intellectual
Property Office’s website KIPRIS. The main data items we collect from KIPRIS
are the date of patent application, the date of first disclosure to the public,
the applicant’s and inventor’s names, and the date of patent registration. We
supplement this data with various disclosures released by the Korea Exchange
(KRX) and annual reports of firms. These data provide only general
information about patent applications and registrations, often with missing
observations. To get data on the quality of patents, we use the WISDOMAIN
database, which contains information on citation counts per patent, number
of applications for patents made outside Korea, patent ratings, and name of
agency institutions.

We obtain corporate financial information from the TS2000 database
(KOCOinfo) compiled by the Korea Listed Companies Association, which
covers business reports of listed corporations and unlisted private firms that
Korean law required be audited by external auditors. We also use the
KIS-Value database compiled by NICE Credit Rating Co.

We select sample firms based on four criteria: (1) firms listed on the Korea
Exchange (either on the main board KOSPI or the smaller board KOSDAQ) or

unlisted private firms that Korean law requires be audited by an external

6) This measure is used by Guedes and Opler (1996) and Kim and Kwon (2005).
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auditor during the sample period (1999~2014); (2) manufacturing firms: (3) no
firms that were either merged into other firms or delisted from the Korean
Exchange; and (4) firms whose fiscal year-end is December 31. Our final

sample contains 10,215 firms and 87,912 firm-year observations.

2) Descriptive statistics and correlations among variables

To minimize the effect of outliers, we winsorize all variables at the top and
bottom 5% of each variable’s distribution. Table 1 shows the descriptive
statistics for the dependent and independent variables. Our first measure of
debt maturity is DEBT1 (the ratio of non-current liabilities to total liabilities).
DEBT1 for our sample is low, averaging 32.5 percent, so our sample firms hold
much less long-term debt than short-term debt. Our second proxy for debt
maturity is DEBT2 (the ratio of long-term borrowing to total borrowing).
Although this measure seems to be a better proxy for debt maturity in
principle, lack of data availability poses a significant challenge in empirical
analyses. The data for short-term and long-term borrowing are not available
for smaller firms, biasing the measure toward relatively large firms, as smaller
firms make up about 44.5 percent of our sample and leave only 57,626
firm-year observations. Table 1 shows the mean for DEBT2 is 46 percent,
which indicates that larger firms in our sample hold an average of 54 percent
of their total borrowing as short-term debt. To maintain the maximum size of
the sample given these data limitations, we perform empirical analyses using
DEBT1 as our main proxy for debt maturity and report the results as our main
findings. We also report the results using DEBT2 as a supplementary proxy for
debt maturity, but we caution that they are biased toward the relatively larger

firms in our sample.
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Summary statistics for our main variables that measure patent-related
activities are listed in Table 1. As it is difficult to obtain and maintain patents,
the mean values of all patent-related variables are low and the median values
are all zero. Clearly, the distributions of patent-related variables are
right-skewed. For instance, the 75th percentile of the distributions is at zero
for the two foreign-patent-related variables and citation counts. The first
variable APATD (the cumulative number of patent applications made
domestically) shows a mean value of 0.89. Since this value is calculated as

In(1+measure), it can be converted to a mean value of 1.44 (i.e., measure =

In(1+ measure
e

)~ 1) for raw observations of the measure, implying that on

average, the firms in our final sample have cumulatively applied for 1.44
domestic patents from 1999 to the end of each firm-year. The second variable
RPATD (the cumulative number of patents registered domestically) shows a
mean value of 0.67, implying that on average, our sample firms have 0.95
cumulative domestic patents granted at the end of each firm-year. Similarly,
converting the mean value of 0.20 for APATF, we find the average number of
patents applied for outside Korea (i.e., in more than five G10 countries) is
lower, at 0.22. The average number of patents registered outside Korea is only
0.15 after converting the median value of 0.14 for RPATF. The average citation
count is 0.77 per firm-year after converting the mean value of 0.57 for CITED.
Because the variables that carry patent counts, patents applied for, and
patents registered are highly correlated with each other, we run regressions
using each patent-related variable separately.

Panel C of Table 1 reports the summary statistics for the control variables.
In our sample, the average firm has a leverage of 58 percent and a fixed asset
ratio of 48 percent and has an age of 14.34 years since inception (for unlisted

firms) or IPO date (for listed firms).
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(Table 1) Summary Statistics

This table reports the summary statistics for the debt maturity, innovation measures,
and firm-level variables. The sample consists of 87,912 firm-year observations during
the period from 1999 to 2014. Details of the measurements of all variables are given in
the Appendix.

Obs. Mean SD Per205et:tile Median PerZ:F::tile
Panel A: Debt Maturity
DEBT1 87,912 0.29 0.22 0.11 0.25 0.43
DEBT2 57,626 0.46 0.28 0.22 0.45 0.70

Panel B: Innovation Measures

APATD 87,912 0.89 1.27 0.00 0.00 1.61
RPATD 87,912 0.67 1.10 0.00 0.00 1.10
APATF 87,912 0.20 0.66 0.00 0.00 0.00
RPATF 87,912 0.14 0.54 0.00 0.00 0.00
CITED 87,912 0.57 1.13 0.00 0.00 0.69

Panel C: Firm-Level Characteristics

LEVERAGE 87,912 0.58 0.22 0.43 0.61 0.73
LN(TA) 87,912 23.47 1.43 226 23.33 24.22
Z SCORE 87,912 3.04 4.07 1.82 2.63 3.74
FIXED ASSET 87,912 0.48 0.19 0.35 0.49 0.62
LARGE OWNERSHIP 87,912 0.18 0.27 0.00 0.00 0.34
TAX 87,912 0.02 0.02 0.00 0.01 0.02
ROA 87,912 0.07 0.09 0.02 0.05 0.09

TANGIBILITY 87,912 0.38 0.20 0.23 0.37 0.53
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IV. Empirical Results

1. Baseline Model

To determine whether corporate innovation affects debt maturity, we first
estimate the following fixed-effect OLS (ordinary least squares) regression

model:
Debt Maturity ;, = o, + oy Patents,, + 0 X,, + p, + 7, + €4,
where i is the firm and ¢ is the year.

The dependent variable (Debt Maturity ,, ) is the long-term debt ratio of
firm i in year t. Our main independent variable (Patents;,) captures
corporate innovation and is the natural logarithm of 1 plus the number of
patents filed or granted to firm i. X, is a vector of the control variables firm
size, firm size squared, asset maturity, and tax (a proxy for debt tax shield).
We include industry fixed effects using the variable u; to control for omitted
industry-specific characteristics that are constant over time. The variable 7, is
year fixed effects to account for intertemporal variation that may affect the
relationship between debt maturity and innovation. Standard errors are
clustered at the industry and year levels.

Table 2 reports pooled OLS regression results for our baseline model using
the full sample of 87,912 firm-year observations from 1999 to 2014. We use
two measures of debt maturity (i.e., long-term debt ratio) as the dependent
variable: DEBT1 (the ratio of non-current liabilities to total liabilities) and

DEBT?2 (the ratio of long-term borrowing to total borrowing). Because of many
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missing observations for DEBT2, we have a much smaller sample of 57,626 for
the regressions using DEBT?2 as the dependent variable. For our estimation, we
regress long-term debt ratios on the innovation variable RPATD (the
cumulative number of registered patents awarded domestically), leverage, and
the control variables. We include year and industry fixed effects. The results
from the full sample using DEBT1 and DEBT2 as dependent variables are
provided in Table 2. The coefficients on the cumulative number of registered
patents awarded domestically (RPATD) are negative and statistically significant
in both regressions, suggesting that an increase in innovation activities, as
measured by patents, is associated with a decreased use in long-term debt.
The coefficients on the control variables are generally consistent with existing
empirical studies. The coefficients on firm size, LN(TA), Altman Z-Score, and
asset maturity (FIXED ASSET) are positive and significant, while those on large
ownership and marginal tax rates (TAX) are negative and significant. These
results suggest that larger firms, firms that have a low probability of
bankruptcy, and firms that have longer maturity of assets tend to have longer
maturity of debt. Firms with a high proportion of shares held by the largest
shareholder and firms that are subject to high tax rates are likely to favor
short-term debt.

Next, we investigate differences in the maturity structure of debt between
public and private firms and between firms listed on the main board and the
minor board. Table 2 shows the results for sub-samples grouped according to
the exchanges on which shares are listed and traded. KOSPI, the main board
in Korea, is where stocks of relatively large firms are listed, and KOSDAQ is
the smaller board, where stocks of smaller firms, including those in
high-technology industries, are listed. Table 2 also reports the regression

results for unlisted private firms. Recent studies document that firms that are
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listed in different stock markets may show different investment strategies and
innovation activities (Ha and Kim 2021; Kim and Nam 2019).

Agency theory, as proposed by Jensen and Meckling (1976), proposes that,
on average, private firms suffer from fewer agency problems than larger firms
do because they are often owner-managed or have highly concentrated
ownership. These features motivate their owners to monitor management
closely to maximize their firms long-term value (Bhide 1993; Jensen 1989).
Asker et al’s (2015) empirical study documents that private U.S. firms are
subject to fewer short-term pressures than publicly traded firms are. Their
results show that, compared with private firms, public firms invest much less
and are less responsive to investment opportunities, suggesting that
short-term pressures on public firms can distort investment decisions. We
examine systematic differences in innovation behavior among firms in
different markets by dividing our full sample into three groups: public firms
listed on the main board KOSPI, public firms listed on the minor board
KOSDAQ, and unlisted private firms.

Table 2 shows that the coefficient on the cumulative number of registered
patents (RPATD) is negative but not significant, indicating that, for firms listed
on the main board KOSPI, the relationship between debt maturity and
innovation activities is negative but not statistically significant. Similar results
are found for firms listed in the minor board KOSDAQ, also reported in Table
2, with a negative but insignificant coefficient on RPATD. Finally, Table 2
shows that the results for unlisted firms are consistent with our main results
from the full sample, with a negative and significant coefficient on RPATD.
Thus, our subsample results in Table 2 suggest that our full sample result of a
significant and negative relationship between debt maturity and innovation

are mainly driven by unlisted private firms.
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However, using OLS regressions can be problematic because decisions on
debt maturity and leverage are typically made simultaneously. In addition,
corporate debt maturity affects the relationship between leverage and
corporate growth opportunities (Barclay et al. 2003; Johnson 2003; Kim et al.
2004; Kim and Kwon 2005; Park 2012; Shin 2013). We use a two-stage
regression model to address these features and to control for omitted variables

bias.
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2. Two—-Stage Least Squares Regression

Using unbalanced panel data, we estimate a linear regression model in
which current or cumulative corporate innovation activities shape decisions
related to the maturity of current corporate debt. As Barclay et al. (2003) point
out, OLS estimates for leverage variables are prone to biases caused by
endogeneity if debt maturity and leverage are determined simultaneously.
Anecdotal evidence suggests that firms typically decide on the amount and
maturity of debt at the same time, so the leverage and debt maturity variables
are likely to be determined endogenously. To address the possibility of bias
resulting from endogeneity, we employ the two-stage least squares (2SLS)
regression analysis. In the first stage, we estimate leverage using return on
assets and tangibility of assets as instruments. The instrumental variables are
chosen based on previous research on the determinants of leverage (see, for
example, Johnson 2003; Barclay and Smith 1995).

The essence of the instrumental-variable approach is to find exogeneous
variables that are uncorrelated with corporate patents but strongly correlated
with the capital structure.

One such instrumental variable for leverage is the firm's profitability.
Following Datta et al. (2005), we choose return on assets (ROA) as an
instrumental variable that captures the firm's profitability. According to the
pecking order theory of capital structure by Myers (1984), firms will prefer
retained earnings (internal capital) to external financing. This implies that
more profitable firms will have lower leverage. Therefore, return on assets is
expected to be highly correlated with the leverage.

Our second instrumental variable for leverage is the tangibility of assets

(TANGIBILITY), which is measured as the proportion of the value of property,



Corporate Innovation and Maturity Structure of Debt m

plant, equipment plus the value of inventory in total assets (Barclay et al. 2003;
Johnson 2003; Rajan and Zingales 1995: Stohs and Mauer 1996). Using the
tangibility of assets as an instrumental variable is justifiable in part because
bankruptcy costs are an important determinant of the firm's leverage level,
and tangible assets tend to reduce bankruptcy costs and increase leverage. In
addition, asset tangibility and the maturity of assets are not highly correlated
with the firm's investment opportunities.

In sum, our final choices of explanatory variables in the first stage of
regression are the two instrumental variables (ROA and TANGIBILITY) and the
control variables included in our baseline OLS model. Our choice is driven
mainly by the availability of data items for our sample firms. We use the
leverage ratio estimated in the first stage as an explanatory variable in the
second stage to explain debt maturity.

Table 3 reports the results of the first- and second-stage regression from the
instrumental variable approach with DEBT1 as the dependent variable. Results
in Table 3 using the full sample are followed by three sets of subsample
results. The coefficients estimated in the first-stage regression are significant
in most cases.

The second-stage regressions results show that the coefficient for
cumulative patents registered domestically (RPATD) is negative and significant
at the 1% level in the full sample and in the subsample of unlisted firms.
According to agency theory, firms with many growth options are likely to be
affected by the underinvestment problem because of agency costs, which can
be mitigated using short-term debt. Therefore, our results in this section
support the agency cost hypothesis that debt maturity decreases with growth
options. However, the coefficients for patents in KOSPI- and KOSDAQ-listed

firms are not significant. Therefore the overall evidence appears to be driven
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primarily by unlisted private firms.

Other control variables show coefficients that are similar to those reported
in the earlier OLS analyses, which do not consider the interrelationship
between leverage and debt maturity. As expected, the coefficient for the
predicted leverage is positive and significant in most cases.

The estimated signs of the most of the control variables are in line with the
predicted sign. Our regression results also indicate that the coefficient of
leverage is significantly positive, so Korean firms favor long-term debt as their
leverage ratios increase to avoid the liquidity risks that increase with leverage.
This result is in line with earlier studies predictions, such as those of Diamond
(1991), Flannery (1986), and Leland and Toft (1996).

Firm size is positive and significant at the 1% level in all regression models,
which is consistent with Barnea et al. (1980). From the perspective of agency
costs associated with debt, large firms bankruptcy risk is reduced because of
diversified investments, and agency conflicts are less likely to be severe
because of less information asymmetry between insiders and outside investors.
These factors suggest that the larger a firm is, the greater amount of debt it
can issue. Thus, large firms tend to rely more on long-term debt than on
short-term debt.

The coefficient for asset maturity is positive and significant at the 1% level,
suggesting that firms try to match the maturity of debt with asset maturity to
reduce default risk and mitigate agency cost, which is the key idea behind the
maturity-matching hypothesis.

Table 4 shows the results of the second-stage regressions with the ratio of
long-term borrowing to total borrowing (DEBT2) as the dependent variable,
proxying for debt maturity. The 2SLS results using DEBT2 are qualitatively the

same as those obtained with DEBT1 (ratio of non-current liabilities to total
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liabilities). The coefficients for patent activities are negative and significant at
the 1% level for the full sample and the subsample of unlisted firms. Thus, the
evidence supports the hypothesis that, as firms increase their numbers of
patent applications and registrations, their reliance on short-term debt
increases. However, this evidence seems to apply primarily to unlisted private
firms.

Other control variables show coefficients that are similar to those reported
in the previous analyses using DEBT1. The coefficient for leverage is
significant and positive, suggesting that firms prefer long-term debt as their
leverage increases and that firms tend to avoid long-term debt when their
leverage ratios are high for fear of increased liquidity risk.

The coefficient for firm size is positive and significant at 1%, and the
coefficient for the squared term of firm size is negative in all specifications.
These results indicate that the relative reliance on long-term debt increases
with firm size but decreases after firm size exceeds a certain level, after which

the firm prefers short-term debt.
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3. Robustness Tests

1) System GMM Approach

The two-stage least squares regression approach using unbalanced panel
data has benefits because of increased degrees of freedom with a larger
number of observations. However, Hsiao (1985) shows that OLS estimators are
biased and inconsistent if firm-specific unobserved heterogeneity is not
treated properly.

In empirical research on the corporate maturity structure of debt, Ozkan
(2000) and Antoniou et al. (2006) apply a dynamic model known as the System
GMM (generalized method of moments) to address the firm-specific
heterogeneity and endogeneity problems. Employing the System GMM,
Antoniou et al. (2006) find a robust and negative relationship between growth
opportunities and debt maturity. The System GMM estimator Arellano and
Bover (1995) and Blundell and Bond (1998) suggest uses the first differences of
the lagged dependent variable as instrumental variables.

Table 5 reports the results obtained from the System GMM estimator. To
evaluate the validity of instruments for the System GMM estimator, we perform
a specification test (Arellano and Bond 1991) based on AR(2). The p-values of
AR(2) in the System GMM model indicate that we fail to reject the null
hypothesis of no second-order serial correlation in the first differenced
residuals. Therefore, the model appears to be reasonable.

Although we lose a substantial number of observations because of the
requirement that differenced variables should be used, we find that the System
GMM results using the lagged debt maturity variables are consistent with the
2SLS results reported in the previous section; that is, the System GMM results

show that corporate innovation activities are significantly negatively related to
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the weight of long-term borrowing. At the same time, we find that the
coefficients for control variables show predicted signs that are consistent with

signaling, liquidity, maturity matching, and debt tax shield hypotheses.

(Table 5) System GMM regression results explaining debt maturity

This table reports the System GMM estimation results. The patent-related variable is RPATD
(cumulative patents registered domestically). Robust standard errors are in parentheses. ***, **,
and * indicate significance at the 1%, 5%, and 10% levels, respectively. AR(1) and AR(2) are
p-values of Arellano-Bond tests for first-order and second-order serial correlation in the
first-differenced residuals, under the null hypothesis of no serial correlation.

Dependent Variable: DEBT1

Independent Predicted
Variables Sign il KOSPI KOSDAQ  Unlisted
Sample
RPATD - -0.0101™*  0.0006 -0.0213™*  -0.0122***
(0.0025) (0.0053) (0.0073) (0.0030)
LAGGED DEBT1 + 0.6000***  0.3833**  0.5120"**  0.6110*"*
(0.0113) (0.0439) (0.0387) (0.0120)
LEVERAGE +/- 0.1780™*  0.0888 0.1588**  (0.1876**
(0.0170) (0.0762) (0.0474) (0.0178)
LN(TA) + 0.0540 0.1291 0.1770 0.1037
(0.0609) (0.2380) (0.2453) (0.0730)
LN(TA)"2 - -0.0008 -0.0020 -0.0031 -0.0019
(0.0013) (0.0046) (0.0050) (0.0016)
Z-SCORE + 0.0274**  0.0109 0.0174**  0.0296**
(0.0020) (0.0078) (0.0047) (0.0021)
FIXED ASSET + 0.5410%*  0.4074*™*  0.5048**  0.5508**
(0.0120) (0.0524) (0.0418) (0.0126)
LARGE OWNERSHIP - -0.0260"*  -0.0138 -0.0296 -0.0259%*
(0.0044) (0.0193) (0.0226) (0.0046)
TAX - -0.5245"*  -0.7318"*  -0.5764™*  -0.5315"*
0.0717) (0.2539) 0.2142) (0.0790)
CONSTANT -1.1246 -2.1548 -2.6597 -1.7054**
0.7169) (3.1239) (3.0128) (0.8476)
AR(1) Test 0.0000 0.0000 0.0000 0.0000
AR(2) Test 0.5909 0.7337 0.0399 0.4382
Observations 68,964 3,783 5,166 60,015

Number of Firms 9,346 404 679 8,263
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2) Incremental Approach

The previous analyses use the total debt outstanding as the base for our
measure of debt maturity. However, this approach has a few potential
drawbacks. For example, a negative impact of corporate innovation on
long-term debt may be spurious because most firms do not adjust their capital
structure frequently (Leary and Roberts 2005). In addition, financial leverage
and the maturity structure of debt may be the result of past decisions (Dang
and Phan 2016; Tosun and Senbet 2019). Therefore, an incremental approach
that reflects new debt issues may prove a better approach to investigating the
determinants of debt maturity (Guedes and Opler 1996). To address these
issues, we incorporate incremental non-current liabilities in our model to
estimate the relationship between corporate innovation and the maturity of
new debt.9) As in the previous analyses, we use an instrumental variable (IV)
regression model to control for potential endogeneity.

Table 6 shows the results from the second-stage regressions with the
incremental weight of non-current liabilities as the dependent variable. The
coefficients for cumulative patents registered domestically (RPATD) are
negative and significant at the conventional level for the full sample and all
three subsamples. In addition, the coefficient estimates of the control
variables are generally consistent with empirical evidence documented in the
literature. Statistically significant and negative estimates for corporate
innovation activities support the hypothesis that firms' reliance on short-term
debt rather than long-term debt increases with their innovation activities,

proxied by the cumulative number of patents registered domestically.

4) Note that this measure may not be ideal because the incremental non-current
liabilities represent not only new debt issues but also repayments of existing

debt.
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(Table 6) 2SLS regression results explaining debt maturity: Incremental Approach

The table shows the second-stage regressions results from the two-stage least squares regression
model. The dependent variable for the second-stage regression is the lag variable of DEBT1: ADEBT1.
The patent-related variable is RPATD (cumulative patents registered domestically). The predicted
leverage is from the first-stage regressions, where the dependent variable is LEVERAGE (total
liabilities/book value of shareholder equity). The independent variables in the first-stage regressions
are ROA (operating income/total assets), and TANGIBILITY (tangible assets / total assets) in addition
to all control variables used in the second-stage regressions. First-stage regression results are
omitted. The number of observations is based on available data for all variables for 9,845 public and
private firms that Korean law required be audited by external auditors and were listed on KOSPI or
KOSDAQ from 1999 to 2014. The figures in parentheses are firm-year two-way clustered standard
errors. *, ** and ** denote significance at the 1%, 5%, and 10% level, respectively.

Dependent Variable: ADEBT1

Independent Variables Pr%qicted Full .
Ign KOSPI KOSDAQ Unlisted
Sample
RPATD - -0.0088"*  -0.0063™  -0.0084**  -0.0087*"*
(0.0015)  (0.0031)  (0.0037)  (0.0018)
LEVERAGE +/— 0.6577"*  -0.0258 0.5471%*  0.8058"*
(Predicted) (0.0681)  (0.1846)  (0.2001)  (0.0776)
LN(TA) + -0.0241 -0.1629* 0.0131 -0.0467
0.0264)  (0.0869)  (0.0967)  (0.0342)
LN(TA)2 - 0.0010* 0.0035**  0.0001 0.0016**
(0.0006)  (0.0017)  (0.0020)  (0.0007)
Z-SCORE + 0.0315™*  -0.0055 0.0206 0.0449"*
(0.0051) (0.0057)  (0.0130)  (0.0057)
FIXED ASSET + 0.1997*  -0.0268 0.1331%*  0.2353"*
(0.0121) (0.0362)  (0.0305  (0.0132)
LARGE OWNERSHIP - -0.0556**  0.0201 -0.0139 -0.0608***
(0.0037) (0.0185  (0.0243)  (0.0040)
TAX - -0.0030 -0.5181*  -0.1472 -0.0310
(0.0698) (0.2397)  (0.1942)  (0.0756)
g??éic/;NDUSTRY YES YES YES YES
Observations 78,642 4,363 6,276 68,003
R-Squared 0.0253 0.0229 0.0170 0.0273

Number of Firms 9,845 418 710 8,717
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V. Conclusions

If a firm is financed primarily with short-term debt, it can be exposed to
liquidity risk because of the costs incurred in extending the debt’s maturity or
the difficulty in refinancing when the earlier debt matures. However, if a firm
relies heavily on long-term debt, it will be subject to inefficiency in cash
management because of the need to hoard a large amount of excess cash. In
short, debt maturity decisions can incur agency costs and can generate
significant information-signaling effects and tax effects. Therefore, like their
decisions related to the amount of leverage, firms decisions regarding the
maturity of their debt are important financing decisions.

This study begins with the underinvestment problem stipulated by agency
theory. We hypothesize that more innovative firms rely more on short-term
debt than they do on long-term debt and that firms that rely more on
long-term debt will be less engaged in innovation activities. We employ the
number of patents registered and the citation counts of patents as proxies for
a firm's innovation activity because they indicate the successful outcome of
firms” innovation activities and signify future growth opportunities.

Our empirical results show a negative relationship between the weight of
long-term debt and firms patent applications. This suggests that firms with
more patents rely more heavily on short-term debt when compared to other
firms. The results are consistent with the prediction of agency cost theory that
firms with many growth options rely on short-term debt over long-term debt
to mitigate the agency costs that result from managers incentive to
underinvest.

This study contributes to the corporate investment and capital structure literature

by providing insight into the effect of innovative investment on the maturity
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structure of debt. Our findings have implications for the design of managerial
incentives to promote innovation. For example, debt maturity can be used as an
incentive to balance between rewarding success and tolerating failure for risky
projects. From the policy perspective, our results suggest that providing access to
short-term debt markets is more important for promoting innovation than
improving access to long-term debt markets, especially for innovative private firms.

Some caveats must be addressed. To measure debt maturity accurately, we
need data on the maturity of each outstanding debt issue and a weighted
average debt maturity using market values of debt as weights. Compustat
Global Database provides such data for U.S. firms. Unfortunately, however,
such information is not required to be disclosed publicly in Korea and is thus
not available. Therefore, we use a crude measure, the ratio of short-term debt
to total debt, as a proxy for debt maturity.

Agency issues around the cost of debt can occur when shareholders
appropriate wealth from debtholders by transferring risk to debtholders.
Debtholders require a higher risk premium as compensation for the uncertainty
associated with a risky project. Therefore, studies on the maturity structure of
debt reflecting a risk premium may be a fruitful topic for future research.

Corporate financing is affected heavily by external events and changes in
macro-economic conditions. In particular, a financial crisis can impart an external
shock that can change the investment environment and financing patterns.
Studying the maturity structures of debt before and after a pseudo-natural shock
like a financial crisis may also be a fruitful topic for future research. Another
avenue for further study is an investigation of firms' decisions regarding types of
debt and debt maturity from the perspective of innovation activities. Such an
exercise pertains to remedies that would reduce conflicts of interest among claim

holders, as Blackwell and Kidwell (1988) and Whited (1992) point out.
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Appendix

Corporate Innovation and Maturity Structure of Debt m

(Appendix Table 1) Variable Definitions and Sources

This table contains descriptions of the variables used in the analyses to test hypotheses on the

determinants of the maturity structure of debt. These include innovation measures and financial

information. Accounting data are from KOCOinfo (Korea Listed Companies Association), and

patent data are from the KIPRIS (Korea Intellectual Property Rights Information Service) and

WISDOMAIN.
Variables Description Sources
Panel A: Debt Maturity (Long-term Debt Index)
DEBT1 The ratio of non-current liabilities to total liabilities KOCOinfo
DEBT2 The ratio of the long-term borrowing to total borrowing KOCOinfo
Panel B: Innovation Measures
APATD Natural log of 1 plus the cumulative number of patent applications KIPRIS,
made domestically in a given year WISDOMAIN
RPATD Natural log of 1 plus the cumulative number of registered patents KIPRIS,
made domestically in a given year WISDOMAIN
APATF Natural log of 1 plus the cumulative number of patent applications KIPRIS,
made in more than four G10 countries outside Korea in a given year | WISDOMAIN
RPATE Natural log of 1 plus the cumulative number of registered patents KIPRIS,
made in more than four G10 countries outside Korea in a given year | WISDOMAIN
CITED Natural log of 1 plus the cumulative number of citations by other KIPRIS,
patents in a given year WISDOMAIN
Panel C: Firm-level Control Variables
LEVERAGE The ratio of total liabilities to total assets KOCOinfo
LN(TA) Natural log of total assets KOCQinfo
1.2 x (working capital / total assets) + 1.4 X (retained earnings /
total assets) + 3.3 X (earnings before interest and tax / total assets)
Z-SCORE KOCOinfo
+ 0.6 x (market value of equity / total liabilities) + 1.0 x (sales /
total assets)
FIXED ASSET | The ratio of fixed assets to total assets KOCOinfo
LARGE
Equity ownership of the largest shareholder KOCOinfo
OWNERSHIP
TAX The ratio of tax expenses to total assets KOCOinfo
AGE Natural log of the number of years since firm inception KOCQinfo
TANGIBILITY | The ratio of tangible assets to total assets KOCQinfo
ROA The ratio of operating income to total assets KOCOinfo
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£ UEhl, ¢, = 83Pg8 34084 i.i.d N(0,1) EEF wErkal 7Pl

1) 19| BEo= B AtoA ARSH ZEH9 E.:L/}joég}ﬂ(log linearized) 412 AA5}1L
At B A7e] o] gt AAGE A2 lacoviello (2005)& F=xs7|E v
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8 42 AR UHAl d Y S4L EF At 10 A
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S7HA HIE FSAT I 834 22X A Bttt QIEF ol 542 AAAHE
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HP9| ma AES 9I5] th22] oAl 7o) AXMSE ARESte] S T 4
of AR WP 190 A FUFA4L 1919 A4 FI7kAE|, CPI JIZd oL, 3
SaEl(EaE, AYE), 181 Ad FErAASeld. B71E HolHE o8-St
FE77R EVRIERAZ 24202 =9H 20009 1827]%E 20209 2871714
ojeh. EilolA EAHL Sl BE A A oA il 7] ¥ T4 |
B Agol] f1%F A (stationarity)& 7S H@ ol wEhA FAIE 7HAl= 191
T AE FUWSAAL 191T Ad TIkAR] 9 A FETEAR| R A FEE 919 2
A} AZFEEAl(quadratic time trend)E AIASH] ARESHITE BEEY Ams 27T
BN HhE A|As] o851 0, CPI JIEHol4He] 79 2000 o]F A]Ho] u}
2} sk SU2Y A& ol FHE AASH] AA| AEH ol ATt BB =R Ale]9]
Aol5 o] ARE-5HT

4 Al HlolH=RE Aol o]ge B2 | He oo oJEsI3l=T, o] uf Z+
T4 312 (Table 1)l AIAE ZAAH Tacoviello (2005)0l4 2F8-oHct. -2uU=tE o
Aoz gk E3191 Lee and Song (2015) oAM= ER1E W HAMAH| nfay H4eE2
lacoviello (2005)9] @& ARESIFICH, 8 Au|Aof digt 7I5A())= S90S
(2014)°114 FH=9] =H-EA9] FBIR A F FAE AET HIFAE A=Y A7
£ GDPE Wiro] ALRRE 0.213 FAFSIT). A4tglpola o] A2 HlEel uet A7HaE
02 3h=r9] vt ME717HE 43 Hur and Rhee (2020)2F &Usict. E3E FEiH|S:
Hal v=0.03%= $12(2014)0014 ARE gt Zt. $212(2014)7F A4t 7197
2 7HAI9] LTV v&21 0.5¢} v|wshd, Eao49] 7FA| LTV Bl&-2 H]s=oi} 7471
LTV Hl&-2 &4 27850 3= Bl

UHA] 2552 H|o|XQKHBayesian) WS o]&3ste] 43519t AFAEE(prior
distribution)?} dlo|E1E Agsto] TAISH AR (posterior distribution)ZF-F 4]
Hold=d, (Table 2)9] &= HARE Al §iA] Gofli= 374 Al ARGt Hp0] APIRIL7}

Aol glor] olet APIREE 315 9 Nl ThoR 3 7| BT Ryshes
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(Table 1) Calibrated Parameters

Metropolis-Hasting algorithm)< ©]-&5}o] 2t H4=0] AlS R 2 HE

Parameter

Calibrated Value

" (households' loan-to-value)

(saving households’ discount factor)
(borrowing households’ discount factor)
(entrepreneurs’ discount factor)

(weight on housing services)

(steady state markup)

(share of capital)

(share of housing)

(depreciation rate)

(entrepreneurs’ loan-to-value)

0.9925
0.97
0.98

0.2
1.15

0.4
0.03
0.025
0.89
0.55
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(Table 2)9] Y] M| GXE] 712 maof thst AL/} B slo] 9Jct. WA wx|u}

2 299l 4] (1) wegslo] E3kga £20] Q1Saol 7l 7Rt Wiolel meo]
S g 2 71E0] Bl Bushe gSu SAH SHt B, o
B 2400 p, & 10 7P ST, ol HRI7E 5 3 o]x-go] At 4

9] 4492 Hol= g4 F]elateka ST Bakge] Edlo) it A7) WS

6,9} o, B 712 27 1.173 0.79% 4lo] o 712+ 59t Bakuto] QI

O HEIAS FAI5] SYston, AE0) WEolE AT 4 WS A0 Lhebith
SolEHo] 3714 0% A% Feiolt /HANA S7H8o) e ve-g Bkt 1Y

So) BAt WAl Yt vigsbl SFEU 59 A Ferihu ARA 37
80l thet Bo9a] kS 150l 6,9 6, 9] AFRIE AR ¥l3) 0of
3l 02 Uehgon, ol Sabgo] g 7I7F Bt ofelet F8WY Wl g

34 Sk 7Rs e AR,

e BajeHo] FHARAY S0l that wge] Xakel mo] Zuke 9lo) A Yol
99k 4548] ThE Ao E BAEglt BakeH BAS Avind Bobg K44 B4l
P, T 9o U AR 10] g, ZHARA o] TRHE B o)Azl
et ¥R S 37 39 v AS 7] chet M-S Bl v Uehiet, o] 4

o] FUAFE FR5t0] JTFS UL AR WEORE Sabeind, ol2ig ol
B 15 O3S AYHOR 279 A ol2lol= THARA WEe HS

3 4= HelE 2HY o e AR Algo] EARM AL & 4=



(Table 2) Prior and Posterior Distributions of the Estimated Parameters

Prior Posterior
Parameter Benchmark q in MP AB in MP B in MP
Dist. Mean Mean Mean Mean Mean
(Std.) [6%, 95%] [6%, 95%] [6%, 95%] [56%, 95%]
h, B 0.7 0.50 0.47 0.49 0.35
(habit) 0.1 [0.40, 0.58] [0.37, 0.57] [0.40, 0.57] [0.27, 0.43]
n G 1.5 1.67 1.72 1.68 1.37
(labor elasticity) 0.5) | [1.09, 2.36] [1.12, 2.42] [1.08, 2.38] [0.87, 2.01]
P N 6 5.54 5.11 5.47 6.38
(capital adj. cost) 1.5) | [3.39, 7.84] [2.71, 7.57] [3.32, 7.79] [3.99, 8.78]
0 B 0.5 0.80 0.80 0.80 0.83
(price stickiness) 0.05) | [0.78, 0.83] [0.78, 0.83] [0.78, 0.83] [0.81, 0.85]
a B 0.65 0.64 0.66 0.63 0.63
(patient HH wage share) 0.05) | [0.56, 0.72] [0.58, 0.74] [0.55, 0.71] [0.54, 0.71]
P, B 0.5 0.99 0.99 0.99 0.99
(MP AR(1)) 0.2 [0.98, 0.99] [0.99, 0.99] [0.98, 0.99] [0.98, 1.00]
[ G 1.5 1.17 1.21 1.21 1.47
(MP inflation) 0.15) | [0.95, 1.42] [0.98, 1.45] [0.98, 1.45] [1.24, 1.72]
®, G 025 0.79 0.85 0.92 0.28
(MP output) 0.13) | [0.53, 1.11] [0.56, 1.19] [0.62, 1.27] [0.09, 0.56]
Pu B 0.5 0.69 0.67 0.67 0.42
(inf. AR(1)) 0.2 [0.57, 0.79] [0.54, 0.78] [0.53, 0.78] [0.26, 0.56]
P B 0.5 0.86 0.91 0.88 0.99
(housing AR(1)) 0.2 [0.75, 0.95] [0.78, 0.99] [0.77, 0.97] [0.99, 1.00]
P B 05 0.34 031 0.37 0.53
(productivity AR(1)) 0.2) | [0.17, 0.49] [0.14, 0.47] [0.21, 0.52] [0.40, 0.66]
P, B 0.5 0.41 0.41 0.40 0.61
(preference AR(1)) 0.2 [0.22, 0.60] [0.24, 0.59] [0.22, 0.58] [0.44, 0.77]
g, 1G 0.5 0.37 0.40 0.39 0.49
(inflation std.) (o) [0.25, 0.54] [0.26, 0.57] [0.26, 0.50] [0.37, 0.64]
2 G 05 19.99 14.60 17.31 3.22
(housing std.) (0o) | [8.60, 34.08] | [4.90, 31.57] | [6.39, 31.59] | [2.52, 4.02]
o, IG 0.5 6.35 6.23 6.13 6.31
(productivity std.) (c0) | [4.08, 9.59] [4.01, 9.34] [3.91, 9.30] [4.10, 9.30]
o, 1G 0.5 0.02 0.02 0.02 0.03
(MP std.) (c0) [0.02, 0.02] [0.02, 0.02] [0.02, 0.02] [0.02, 0.03]
o, 1G 0.5 2.76 2.62 2.73 2.02
(preference std.) (co) | [2.25, 3.38] [2.10, 3.24] [2.24, 3.31] [1.70, 2.41]
®, G 025 0.07
(MP housing price) 0.13) [0.02, 0.13]
Oy G 0.25 0.05
(MP HH debt growth 0.13) [0.02, 0.10]
?, G 0.25 0.28
(MP HH debt level) 0.13) [0.17, 0.42]

Note: B, G, N, and IG denote Beta, Gamma, Normal, and Inverse Gamma distributions, respectively.
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flot 2ol aHE Yl 7 2ol Higt glolE AdeE A5 AsiA Geweke
(1999)7F AIQket modified harmonic mean estimatorg B O2 it $HA| Ho]E]
U (average log marginal data density)& A4ttt (Table 3)oll= 7+ o off
3 AlAkE et oA HlolE Wiert BarEo] Ql=t, £4 At HlolE e US4,
A28} oA ZHAIRA] 2ol W E Bl Ale LB’ B 7P Aeshke Ao
2 YETE 1 thZo g2 HxutER] IS ol AEA ARt ok 2] Hlo]
Bl Zotert 7 WiAlR w3kon, FEvAou THAIRA S71e0] HHgE K2 HlolH
ArgEo] 71 GojA|= Ao BAE I o]&3t A= (Table 2)0l B 0 747t
+ 0,2 04,9 FHATLE X7 UREA 02 DSGE B0l HE F7FrS Hlo]
Bl Aol oMlE BdS Eolt, o] il Bt A tlolE Ui 71 Havt
tlolElE dolet] Eis FA g2 B9 AYEE 2A5H0] slAFIThS) mebA B
B9 skl FEHbely THARA S7keS 7FE 1 s RESE et 0 7t
A Y= A2 oleh T2 HEo] BE 7|7 53] B AS Aok o &

3%] QJthe Eolni, ofi= wobl Hole] A3k ehhs Zolc.

(Table 3) Model Fit

Specification Average Log-marginal Data Density
Benchmark -454.4
Housing price (q) in MP -459.2
Household debt growth (AB) in MP -459.0
Household debt level (B) in MP -433.7

Note: The average log-marginal data density is calculated by using the Geweke's (1999)
modified harmonic mean estimator.

3) oleiat SJulolA] Wit S| dole] Witk BFRA A EGHE FLw0] ool uet vy
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2. H|S2xt EitEolet A Folf

T B3 o R AAGA HEES] HE ofwdt 2FH 8 j10] =83 g
< o= AHE7] o) A& X} EAHLS(forecast error variance decomposition)
2

Eof(historical decomposition)= AAFIALE HA (Figure 1)oll+ ZF W

A& 2} BARS] Avr} A= o Qlct.

(Figure 1) Forecast Error Variance Decomposition
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{Figure 2) Historical Decomposition (2017:Q4~2020:Q2)
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7104 & AAFUFENE e, Y7L t7]9] AL Jujsh=d] 240]A
o] Bro] w2 vy = vV, 7} "k 1 = 29ke3)9] Z7)(medium-term) Q1Z#0]
A Z3E WeEh=t, 7 22 717 51t gt —8—304 EIA|QA 2%2 At

B o] e RRAE U dolle tha 22 HIEH Hde 22 o
ST ARtk
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p= CPIL 1922 UBite ZViesds i, CPL EHolded =k
m =In(p,/p, )3 2L TAE W p, & B7FEIA 1A} 5= Bt
$ES UeR=t], 712 23049} o] uid 29%0] AP Brpso] A%EHE A2
7Py,
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Aet vlwote] HA=7EHA7 7HA= Zold 2 o] & EajuA] o= HlA 7%t
o}, dE Eo], Woodford (2003)& E3¥#9] A7 AAHAS7} 0Bt 2 olxg Has}
(interest-rate smoothing)= T J&Z(history-dependent) F&2] tHHEA dfjo]H, u]
HAFY T 7|HE 7He AFAE 79T ZyolAe] 24 I Qo] S
A 7ol AL Y ol &9l oAke HEIE <o EokE 1A oEd ARl
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$E5 583t Ad79] JdQE= Arias et al. (2020)2F Bernanke et al. 201992 & 4 9
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2 Hiu] A 24 A 7ISAIE Qriit
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(Figure 3) Value of the Quadratic Loss Function Depending on the Weight
(w) and Window Length (k)
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(Figure 4) Observable Variables for Estimation and Their Quadratic Time Trend
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Note: In each panel, thick solid lines display the actual time series used for estimation,
while thin solid lines are their quadratic time trend.
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(Figure 5) Future Macroeconomic Path Depending On the Scenarios
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(Figure 7) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Baseline Scenario
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 8) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Pessimistic Scenario
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(Figure 9) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Optimistic Scenario
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 10) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Baseline Scenario, with Zero Lower Bound
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 11) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Pessimistic Scenario, with Zero Lower Bound
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 12) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Optimistic Scenario, with Zero Lower Bound
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Table 5) Second Moment and Quadratic Loss Function Value, with Zero Lower Bound

Second Moment Quadratic Loss Function
. Nominal
MPSSSDJ[Z:?]WQ Output Inflation In;iizst Homsséebklold Eq (9) (Eg) (E?)
IT 2.52 9.38 0.35 38.94 11.89 | 12.25 | 51.18
PLT 48.05 1.56 0.01 308.04 | 49.61 | 49.62 |357.66
AIT 3.06 7.95 0.18 39.58 11.01 | 11.18 | 50.76
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(Figure 13) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Baseline Scenario, with Monetary Policy Response to
Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 14) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Pessimistic Scenario, with Monetary Policy Response to
Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 15) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Optimistic Scenario, with Monetary Policy Response to
Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.

i
Eﬁ
©
=
5

t}. o] Z3H= (Table 6y 82F=lo] St (Table 4)°] Ao} 3}
0 ThoT B ARG AL 4 9tk WA AET} ASHold L PRo|E WEH &
oA 7|20 Auer Pk, A% WEAS HAsE AL BRPIRIEA L,
QIZFOIH S BSERIAL 7P A WEHS Lehls AAR B4E
o} HEole MEAE 71E9] At fAE0] BAGERHASONA Hast H A
o Uehgtt. AnHORE 4 (O~(11)9 274 £ATS BT BRBIREAT N F

4ofEo], FElEAel 7HARA el gt vke& 18 Al 7MY w2 S 2A5ke AR



152 EErimpicerplvic

W E7FERA| 2 FEE|9Ic). $HE, (Table 4) Z¥}ele] Afo]HE &Ask=d], ol& F
2 7HARA s god TS AR THIRA B4 S B S
THARAZE SRS AT DA o2 7390l vIsl ZotAle g HEAL A
ot ol 7THIFAE AR R Higsie v 270] A&l AE Aot ks

She PR 8Py Do) BN 4 91 Zolehs At R

(Table 6) Second Moment and Quadratic Loss Function Value, with Monetary
Policy Response to Household Debt in the Monetary Policy Rule

Second Moment Quadratic Loss Function
. Nominal
MP Operating : Household
Sy Output Inflation Inézrtist Debt Eqg (9) |Eqg (10)|Eq (11)
IT 3.29 2.57 0.33 49.65 5.86 6.19 | 55.84
PLT 5.34 1.20 0.18 47.08 6.54 6.72 | 53.81
AIT 3.38 2.22 0.26 49.04 5.60 5.86 | 54.91
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(Figure 16) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Baseline Scenario, with Zero Lower Bound and Monetary
Policy Response to Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.

v AuE|Qstollx9] k= (Figure 17)°] AX=O] St 919t v A=
(Figure 11>¥} (Figure 14)9] 792} vlws] HH, WA PHF2 A= Slgre] &4
((Figure 14)219] v|W)+= TS HZE EX © 7|50 wes FA| 3712
2 S QIEH | A5k SHAA LIAAE At AIAERE ZefA|A sk 54

< Uepdch. BHE FEER]o] ZHAIRA Y] ¥hE= 323t ol f((Figure 11)39] Bl)&=



H=8AHT H33H A2

7} 48 uhe Ao QRS ST 2 LAASlOIA AR Whg TS HhA
o= Zlo = Wit

(Figure 17) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Pessimistic Scenario, with Zero Lower Bound and Monetary
Policy Response to Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Figure 18) Future Macroeconomic Path Across Various Monetary Policy
Operating Systems: Optimistic Scenario, with Zero Lower Bound and Monetary
Policy Response to Household Debt in the Monetary Policy Rule
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Notes: 1) In each panel, solid, dashed and dash-dot lines display the future
macroeconomic paths under IT, AIT and PLT, respectively.
2) In each panel, the y-axis measures the percentage deviation from the
quadratic time path of the corresponding variable.
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(Table 7) Second Moment and Quadratic Loss Function Value, with Zero Lower
Bound and Monetary Policy Response to Household Debt in the Monetary Policy Rule

Second Moment Quadrati.c Lo
. Function
MP Operating -
Nominal
Sy Output Inflation Interest Aousahe 1%l il Il
= Id Debt | (9 | (10) | (11
Rate
IT 2.44 10.29 0.72 26.34 12.72 | 13.44 | 39.78
PLT 3798 2.03 003 239.86 | 40.01 | 40.04 273'9
AIT 2.72 8.86 0.48 27.30 11.59 | 12.07 | 39.36
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Appendices
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Abstract

This paper analyzes the effects of monetary policy operating systems
(average inflation targeting (AIT), price level targeting (PLT) and so forth),
which are often considered as alternatives to the inflation targeting (IT) system,
on the macroeconomy and financial stability. A New Keynesian Dynamic
Stochastic General Equilibrium (DSGE) model, which explicitly reflects the
housing market and household debt, is estimated using Korean time series data
from 2000:Q1 to 2020:Q2. I find that monetary policy operating systems have
an important influence on macroeconomy and financial stability. First, when
the zero lower limit of the nominal interest rate is not considered, I find that IT
can achieve higher welfare than the rest of the systems in terms of social
welfare evaluated by the loss function including financial stability. However,
when the zero lower bound of the nominal interest rate is taken into account,
AIT achieves slightly better social welfare than IT, and PLT turns out to be the
worst operating system in terms of welfare by producing a significant level of

output and household debt volatility.

% Key words: Monetary Policy Rule, Alternative Monetary Policy Operating
System, Stabilization Policy, Financial Stability, Zero Lower

Bound



