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Bernanke, Gertler(1989)= Z7|#H%50]|4] 28550 A3k viAelgd AEA7|HE
Yo 28 At A7 5= THAZ = 71 A (mechanism)}E EY6HL o1 F871471

(financial accelerator)2kal ©]= Atk o]F Bernanke, Gertler, Gilchrist(1999)=
TAIJIAIA DSGE g 58715718 FAIK = T35t w8715 7IAstox =
717 £ o 7199) AR g (balance sheet)7t 25l A[HA] 7|H 2] 2 F-E01H A
o] Zto}x| 1L ofof| w} 418919 ZL2|u|Qfo] WobA Fxjel Aitol| S4A FdS vIA 71
7FE& JA=, 7] A Alolle SYet 71AP7 SidiE 2Esto] 7] Z1&o] St
o]& Christensen, Dib(2008), Christiano, Motto, Rostagno(2009), Carlstrom,
Fuerst, Paustian(2009), Demirel(2009), Fiore, Tristani(2009), Gilchrist, Ortiz,
Zakrajsek(2009) 50l B3t Ao F5AH7T 37] HEol FF2 vIE 4 e 1Y
< ARsI oL olF K7t 71240 R 719 AR /dH7 A8 meju]do] YFS
A= ®Ajolehks AollA Bernanke, Gertler, Gilchrist(1999)9F 888< 2b=t. =
7R 7199 A 21 7HA|12] dio] 3919ks BSkEAY ol S5k a6 71
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T84 20089 229 w67 e AT EsHAY S8715719 22 FH
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Y| AFEo]Y 730l T 571 A incentive compatibility) £271& 298 %2
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2t} 28715 71Aks of" W7t ot BPMAY WHAol7] whzelth & AFe
Gertler, Karadi(2011)7} 239] 4R S2& &8olo] F871% 71419 2715 4
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St AAA B7THEl 7105k s FH5l Bl olE &3l 5871 71Al
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= BARIA B71HE EA0lu e avt 24 918 DSGE 230l 587+
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271 AFEE B9 28] A710 FF= Rl 3875 71AIE 2ol =Y
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(Figure 1) Data Used for the Estimation

Consumption gap Investment gap
0.05 - - - 0.5

005 : : : _ : : :
2002:4  2007:4 2012:4 2017:4 20024 2007:4  2012:4 2017:4
Bank net capital gap Fim net capital gap
0.2
0f-

02 i i i ; : :
2002:4  2007:4 2012:4 2017:4 20024 2007:4  2012:4 2017:4
Call rate Inflation rate

0.01

20.01 : : : 1 : : :
2002:4  2007:4 2012:4 2017:4 002:4 2007:4  2012:4 2017:4

2. AeH0lMd A =

2g9 Ae= DSGE E¥& B85k 7IE 479 WS met ZA=|HdelAdo] 7hs
T Al ARlEEeldoR I g WA skl UmA| Al HojAd Wilow &
gotirt. A=|Hold A= (Table 1)oll AXSHA. HollA oA e WidHis
o5l Si& A} Hol 3= A2 T W] dAVIH 2 Qlvlshks Aot Aol o

ot v} 71 ghe] AHHPAL 3o Alsiglont B ] Aol dhelale 2 o 41

ol dad oz F7E.

Ni

ol
J



o3 a
o 9 7|

2lo] PR 20| 7S lxl= YE

(Table 1) Parameter Calibrations

Parameters RETETEAER Parame.ter Calibration Methods
Values Explanations
8 0.9950 Timi discount 1/(1+real interest rate/4)
actor
Capital coefficient
«@ 0.3860 of the production 1-labor income share
function
. The value implies the expected
o 0.58 Bank survival rate lifetime of a bank is 50 years.
5 0.0480 Depreciation rate Fixed capital depreciation/Fixed
capital
+ 0.9728 Firm survivial rate | Recited from Christensen, Dib(2008)
Parameter that
e 4.1670 determines Recited from Gertler, Karadi(2011)
mark-up rate
P 12.5 BIS capital ratio of 8%
%/E 1.92 Average of the data
ulk 0.26 Average of the data
cly 0.60 Average of the data
iy 0.40 1—¢c/y
ne /n 0.9980 Recited from Gertler, Karadi(2011)
n"/n 0.0020 1—n'/n
om 0.76 1/e
r 1.0050 1/
o 1.0053 Average of the data
P 1.0103 Average of the data
A 1
z 1.0206
x 1.0206 Computed with the equilibrium
v 0.0052 equations based on the above
; 41984 calibrated parameter values
¢ 0.3411
ilk 0.1040

Note: The variable with bar denotes the steady state value of the variable.
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0]Z 0.98% A3t 232 WA= Gertler, Karadi(2011)9] ¢ 237} 71
o] thAlH BARA 45 ARSI O 0171 A= 2359 BIS A7 |AREH| &) ARSSHe |
He|7] gk ARSI = 229t diggE]e] AolE ol e AAsige e
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(Table 2) Bayesian Estimation Results of the Parameters

Posterior distribution

Parameters | Parameter explanation Prior distribution M 95% confidence
ean interval

o Policy interest rate beta©.7, 0.1) | 0.7127 | [0.6561, 0.7701]
persistence coefficient

o Consumption shock beta(0.8, 0.1) | 0.8944 | [0.8179, 0.9784]
persistence coefficient

h Habit formation gamma(0.3, 0.05) | 0.5247 | [0.4323, 0.6252]

coefficient

Labor income elasticity | 0 276, 0.05)| 0.2485 | [0.1751. 0.3187]

coefficient

ko Taylor rule inflation | (15, 0.1) | 1.0704 | [1.005, 1.1547]
coefficient

Fome Taylor rule marginal | 6125 0.05)| 0.036 | [0.0176, 0.0534]

cost coefficient

7 Investment adjustment | .\ 1 708 0.05)| 1.6624 | [1.584, 1.7435]
coefficient

" Risk premium gamma(0.009, 0.0138 | [0.0064. 0.0206]

sensitivity coefficient 0.005)




o3 3 Jigie) Apiate 50| Zlwsol oixie w3 [N
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Inflation indexation
v .. gamma(0.5, 0.1) 0.6678 | [0.5762, 0.7682]
coefficient
. Margianal cost | 0.024, 0.01)| 0.0078 | [0.0043, 0.011]

coefficent of the NKPC

(Figure 2) Prior and Posterior Distributions of the Parameters
Estimated by Bayesian Method
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(Figure 3) The Impulse Response Functions of the Output Gap
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(Figure 4) The Impulse Response Functions of the Inflation
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(Figure 5) The Impulse Response Functions of the Output Gap to the
Demand Shock Depending on the Financial Acceleration Mechanism Settings
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{Figure 6) Estimated Structural Shocks
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(Figure 7) Historical Variance Decomposition of the Output Gap
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Abstract

This study constructs the model that has two types of financial accelerator
mechanism. The one suggested by Bernanke, Gertler, Gilchrist(1999) works
through the firm and the other suggested by Gertler, Karadi(2011) works
through the bank. The effects of net worth shocks of the firm and the bank on
the business cycle in the Korean economy for the period of 2003-2018 is
investigated with the model. Net worth shocks are estimated with the equity
share data of the money flow table announced by the Bank of Korea. The
firm’s net worth shock shows the significant effect on the business cycle while
the effect of the bank net worth shock is negligible. This implies that the
financial acceleration mechanism of the firm is more essential than that of the

bank when the empirical DSGE model is specified in the Korean economy.

% Key words: Financial Accelerator Mechanism, DSGE, Business Cycle
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2015; Sy, 2008; Pool et al., 2016) $41°]H, o]& Ao+ 97| pension fund)
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A2 A 2E ZEoto] 715 79 ARl At AolE 435It 252 AVIE2

H]gg] A719l A& (industry fund), 3JAFE(corporate fund), 5&(public fund)
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AL 7] A71E91 AmiE(retail fund) 22 FEEHTE 7 A7|E $EC] H|Y
A7ISET A 2%p FE AL UEd=H|, A7 T 78 olfE AMER(IAF
A% 9rA)o] 2l Aisiict. F] A7139] SeEfo| Al (trustee board)= AGEE
A YR F R oz FE7] dizoll 7k3AF o]l A= st fRlo] AL, Al
o] &3t FEIA] F o]E tiHstE = fRlo]l EARH= Aot} Coleman et
al.(2000)2 27 EZ|AFA = WASh= izl Bl8o] A7Is gl n|xl= IF=
Tjotsigiet. 2257 7159 19959 69RH 2002¥ 697H] £7] A=E ARESo] &
A3t Ay, g7 A7]29] 4:0l80] v|dE] A7|2HT} EAFoZ QolsH %2 Aoz
e 7302 FE] 7159 vHE B, BHiAE 4, AsgEolAl BalEA]

i)

Munnell et al.(2015)= 1990~20124 v|=2] EJZ]AGA|Zof| st &S &7
oJH(DB: Defined Benefit)} 4719F(DC: Defined Contribution)2.2 &5
H| SISk & 713 A%+ 7|5H8d 2952 DCAIE7 DBA|=R T} 0.7%p(HE= 7}

SHA D, 0.9%p(AHE 7B ) W2 A= YEhth AA| 1=, A-aTt
B, FARS, 2R 5ol tis St 3 SFEAS Aol DCAE 2E0]
DBA|%= olE R SAA 02 [olsA WA Yetydth ARE2 DC7IIAP Fddh=
HE B pRE QS polEe] Rokl Ao=® Hth 2000~2012¢ A+ 715k
T $9ES DB(4.7%), DC(3.1%), IRA2.2%) <=2 & UElith IRA <=elE°] EAH

2 Ol A 9159] AW BRI T & R el 2 At
Pool et al.(2016)2 P1=2] gFg7]1013 HAAFAER] 401(0E o= 454 H

N(trustee favoritism)7} =A5}1, o2 A5} 7}YA} S=elgo] WolA-& Bt u|=of

il

1

>4¥~

A FERRE SAUERASERAH(Employee Retirement Income Security Act of
1974)8 7147t o]o)e 9jsl 5T ARt k. WA, JEE FH o= 3t {fedHe
SIAKA]: Fidelity, Vanguard §)7F 847t 2 39olle EA=A 7144 ool 9]
3 YEoloF sh= A2} EAAFAIAAZA A4 o]o)e FThstsfiof 5= A4

Q1 Aolof| oJsf s A AT AL KLl o5 AFSIN: ASEA A, At

3) MMF §2} HIE-E IRA 7FIAR= 1%l goh=t] B3| DC7FIRRE 4% F==°lth.
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Az AL BRI Al HE(trustee fund)”7} HIAIE HE(non-trustee fund)ECh
FARFACNA g2 7o) W A os e e Holl Ak SEsiit 7]
A= A7E A2 AGAE HEof| ARikS BRSO BN 3(-)Y] 2HrlES VIS’ A
oF yeiglth ol2gt ik DCAEoIA AREARRL EXATARIARY] HE 2RIY
(line-up)o] 7IYAF TR}l 2782 TS Z=the A= AXRITH

Dahlquist et al.(2016)2 A9N9] F& AFA| =(Premium Pension System)® 7}
AZ Wor BAGIE A0t S 8RR FARRES 92 7RIt
(coordinated investors)2} 18 X] %2 7121xHnon-coordinated investors) 1EC 2
TEsto] = et Alelo]] olE A7t SlEAl A5l 4 2at S e E R
A2 W= 7RI 18R] ok 7R B W2 o5 Hlth RS e TIF
o] B A-FY 1~2%Cl Dohs Fa(fee)7t +21E SHF2] + 8210 = A-E3I9iH

Vanguard(2016+= 40097 7R w]=F DCAIE=C]| 713t 807 7HIAE thiifo2 4=9]
S ZAIGH ASHERS 7HIR] 5 ATt IS 1.7%18] v A95HE-S
T 714RRE 12.2%00 25) 7IE 4E AR 2 A o= UET 7R AEet
HE R B O&EE 3X(managed fund, target date fund)?t B35t 3¢ A5
H Rt A95H RIS ZF AXF7E 1.9%poll B3Rt A 0= LETE o]of] Hs| ZH4lo]
A FARNEES 7 A% FA AR ARR= 11.4%p= =LA =it

= APAT JA| ZIRJIAFTAE AdE E= 7HIA] g0 this ASEAe A=
& AlgtHole}. whA, o]e} fARE SHo] Q= URHHE W ERAFAES] olE
TAE AFE g, 1332014) = FAFHES] a5t ol vAE 93
EA5IGIH A= Rlo] Alget FAFHES] 200149 197H 2012 68974 A7 5
ARE7ER] 50919 o, FE7ITE 2 ol HE F A e tiH] Wl EaTt Ralsh |
(Class C) 4967h& o= sISith. Y1Z7 oo 2ipolES AMgslo] HERR
/gol3t $iglo] Agatol] vjX|= Y= A3t At 2-8HES= 0.6648%, Tl ES
+ 1.41%2 Yehgton, sl 5015 Alojojli= 3(-)9] A EAS3iH o

M od o &

o)

4) 2949 FHAFAIEE B (notional defined contribution)® A HHFAI(PPS:
Premium Pension System)92 oJU3l=|qty. FHEES 18.2%°1H, Fahid] 16%%}
FAAGEE2] 2.5%2 FAAHEY|, PPSE A= o g 7ilo] oFsixo] Q).
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£ HSES BAIBIL 3|74 AaloM T BfjEgrt HEO] S0l BAKoZ &
Q1 ()2 P Fo] WiE7} e HEE TPA] ok HEo] H|5] 9)4o] &
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A 2 93} glo] 5oke P Bt olo vl & 71kt AA FRHEES FHSE
0.41%p 3FH1.4%—0.99%)5k= oI5 Bt A7k= 1 €S Aolst B4 40

2 dgolleh. A FHHE] B9 APgo] 9150l w28 W wijES47} B §)
23t hH, BRI AFHES] B9 Ao 7¥kelr] wiEo] Aol A= o] HAHR
H42Q15} o] 2= R] itk Zlolth. EXAFHES] TRk shsigloy &
HHEO] Hlg] sleh Fo| W A 0= Ut 1 olfEe @ WAt EFAFA
Aa2A F4EE 7H 4 loH, @ BA 7Rse ERAFEEC] oigt -5
(line-up) 9L 5H4, ® 7] 14T oA 5 7IE FHHEC| vig| wujate] 9
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(Table 1) Comparison of Individual Pension Products

Pension insurance products differ in terms of payment method, product type, yield
determination method, business expense method, deposit protection method, and the
type of pension they receive.

. Non-
Bank trust Mutual fund Life insurance o
life insurance
Contribution | Free payment Free payment Regular payment | Regular payment
- Bond type
(Proportion of
-B
ond type bond >= 60%)
- Conservative . o .
Investment type - Mixed type Principal Principal
option (Proportion of | _ g;?i,/lis;;tw guaranteed type |guaranteed type
ity <= 10%
equity < 0) (Proportion of
equity »= 60%)
Rate of Interest-linked | Interest-linked
return Investment-linked | Investment-linked | with minimum |with minimum
guaranteed rate |guaranteed rate
F - F -
Back-end Back-end ron.t end ron.t end
. . loading loading
Fee loading loading
based on based on
based on asset |based on asset . .
contribution contribution
Principal
nneiPal oo ranteed Not guaranteed |Guaranteed Guaranteed
guarantee
Annuity whole-life Certain period
i iod i iod ,
period Certain perio Certain perio certain period |(Max 25 years)
‘Dep osit Insured Not insured Insured Insured
insurance

Source: Financial Supervisory Services(http://fine.fss.or.kr/main/saving/gongsi/pension.isp

(Table 2)+= 20184 3¥ 7I& AFASAE A AHa(3A Z39) 5 F015 o
WEE 25| et Zlont, Ads 11ie R EE+Es )0l 96.22Hd0 =

0) A, 4, Avhesal 9

SA=OIM FE9]

t 93

ASSAEES vl
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7S Eal, AEF 16.82Y, HE 12.62Y <oltt. AA| AFEF tiy] v|5-2 B3 73.9%,
A8 12.9%, HE 9.7% =°ltt. 2014 o]F AAEe] ®4lo] ASFA|A HHZA=
HAE RS Estal, A A= XGE T Qled], o] 453 BT 9

Qe I 73919 oge] AjFE e 71eI3t A0 R Helh

L

(Table 2) Asset size of Individual Pension Products

As of March 2018, the amount of insurance products(life insurance + non-life
insurance) was 96.2 trillion won, bank trust 16.8 trillion won, and mutual fund 12.6
trillion won. The proportion of the total reserve is 73.9% for insurance, 12.9% for
bank trust, and 9.7% for mutual fund.

Year Insurance EEi e ; U] Total
trust fund insurance

2013 67.8 13.7 5.7 2.6 90

2014 76.8 14.5 6.5 3.1 101

(Ag;l; 2015 81.1 153 8.8 3.5 109
irillion) | 2016 88.1 16.1 9.7 4.0 118
2017 94.9 16.8 12.2 4.1 128

2018.3 96.2 16.8 12.6 4.5 130
. 2013 75.5 15.3 6.3 2.9 100.0
Share®) 014 76.1 14.4 6.4 3.1 100.0
2015 74.6 14.1 8.1 3.2 100.0
2016 74.7 13.7 8.2 3.4 100.0
2017 74.1 13.1 9.5 3.2 100.0
2018.3 73.9 12.9 9.7 3.5 100.0

Growth 2014 13.3 5.8 14.0 19.2 12.4
rate(%) 2015 5.6 5.5 35.4 12.9 7.7
2016 8.6 5.2 10.2 14.3 8.5

2017 7.7 43 25.8 2.5 8.6

Source: Financial Supervisory Services(2018.7.22.) and Author’s editing.

7) 20149 o] ZL2AE ALFAE AR} Year Person | Amount | Tax credit
ot AENE TANY AAEH. 2014 | 2346 | 60.3% | 7767
TANSFAY, FTAMAGY) = 2015 2,280 59,551 7,571
L o2 = [o} KA, ZAEAA 2016 2,291 59,066 7,490
B 7). 2017 | 2267 | 56733 | 7.176
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(Table 3) Investment Return Rates by Sales Year(2018.6, total)

Table 3 summarizes the yields of all individual pension savings products (3,136)
announced in the first half of 2018 based on the year of release. The total return is a
simple average rather than a weighted average. Simple average return is -0.61%,
median 1.25%. The fifth and 95th percentiles are -21.59% and 11.82%, respectively.
There is a large difference in performance between individual products.

Year N mean pb p50 p95
2001 84 4.22 2.81 3.97 7.20
2002 14 3.99 2.77 3.94 7.01
2003 33 3.52 2.68 3.49 4.28
2004 14 3.11 2.42 3.25 3.65
2005 35 3.13 2.22 3.14 3.76
2006 41 3.01 1.95 3.13 3.63
2007 41 2.62 1.49 2.33 4.09
2008 36 2.48 0.81 2.42 6.06
2009 114 1.96 0.88 1.93 3.18
2010 48 1.72 0.76 1.58 3.15
2011 43 1.93 0.28 1.26 6.20
2012 78 1.35 -0.43 0.63 5.52
2013 224 2.66 -0.09 1.32 11.28
2014 331 3.80 -0.85 2.57 12.01
2015 530 3.84 -2.44 1.87 17.87
2016 496 1.49 -5.78 0.50 14.69
2017 664 -4.32 -22.99 -2.58 9.73
2018.6 310 -16.62 -52.42 -15.05 10.64
Total 3,136 -0.61 -21.59 1.25 11.82

Note: Authors calculate using the Financial Supervisory Service's disclosure data.

TEATER AT & 98 vwold, (Table £H~(Table 7)3} Zth
(Table 4)%} (Table 5)°l4] Hi= Hie} o] AFHH] Z9 AHHY 5887Y, L2
549710l Foh= AFES] =l go] FAIE0] Qltt. ofF A= AR/ o= Qlel WA
Aol AR} £52Y TF 2015~2018.6 $AEL ()02 YeRf=r| o=
71 27] SRl VIR0 $RE Falohs ARJH] Fat jiAlo] 71R1gH Aotk 201549
o)F EAIE B4 Y] o] FA| AES] theBdt FOEE 3(-) 0= Vet
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(Table 4) Investment Return Rates by Sales Year(2018.6, life insurance)

As shown in <(Table 4) and <Table 5), in case of pension insurance, 588 life insurance
and 549 non-life insurance products are disclosed.Both life and non-life insurers showed
a negative (-) return in 2015 ~ 2018.6 due to the method of imposing a fee based on the
principal amount of the initial payment.Since the number of products launched after
2015 is high, the simple average return of all products is also negative (-).

Year N mean pb p50 p95
2001 26 4.50 3.51 4.30 6.87
2002 8 3.93 3.35 4.01 4.22
2003 16 3.67 2.68 3.73 4.19
2004 7 3.31 2.52 3.39 3.65
2005 20 3.32 2.98 3.31 3.71
2006 25 3.20 2.83 3.21 3.58
2007 7 2.86 2.32 2.85 3.51
2008 13 2.56 2.15 2.59 2.86
2009 44 2.00 1.55 1.99 2.38
2010 19 1.74 1.00 1.73 2.53
2011 6 0.90 0.69 0.89 1.25
2012 43 0.55 0.03 0.49 1.37
2013 45 0.47 -0.13 0.45 1.24
2014 20 0.07 -0.85 -0.14 1.45
2015 86 -1.33 -2.74 -1.39 0.30
2016 104 -3.05 -6.29 -2.77 -0.70
2017 64 -5.65 -10.03 -4.87 -2.15
2018.6 35 -19.36 -34.86 -18.66 -8.04
Total 588 -1.48 -10.96 -0.13 3.90

Note: Authors calculate using the Financial Supervisory Service's disclosure data.
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(Table 5) Investment Return Rates by Sales Year(2018.6, non-life insurance)

year N mean pb p50 p95
2001 23 4.67 3.82 4.33 5.27
2002 6 4.07 2.77 3.68 7.01
2003 15 3.40 2.57 3.44 4.39
2004 3 2.87 2.50 2.79 3.32
2005 13 2.92 2.17 3.00 3.91
2006 15 2.59 1.86 2.55 3.67
2007 21 2.29 1.49 2.31 3.39
2008 17 2.04 0.81 2.08 3.32
2009 54 1.63 0.39 1.57 2.81
2010 25 1.26 0.53 1.27 2.35
2011 27 1.04 0.26 1.18 2.15
2012 26 0.77 -0.49 0.73 2.36
2013 69 1.00 -0.13 0.93 2.22
2014 42 0.40 -0.85 0.36 1.86
2015 65 -1.12 -3.84 -1.04 1.16
2016 71 -2.43 -6.17 -2.22 0.38
2017 35 -3.20 -6.19 -3.23 -0.75
2018.6 22 -16.33 -27.70 -15.44 -6.23
Total 549 -0.20 -6.04 0.83 3.72

Note: Authors calculate using the Financial Supervisory Service's disclosure data.

(Table 6)= 1,963719] SH/AF2EAF FLHEC] gt 8 TARIR |

F29] 450l 20134 olF FFA o= FAHULH, 53] P JSAE B
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(Table 6) Investment Return Rates by Sales Year(2018.6, mutual fund)

(Table 6) shows the return of 1,963 mutual funds for securities / asset management
companies.The simple average return for all products is -0.53% and the median is
1.81%.The fifth and the 95th percentile are -28.13% and 15.14%, respectively. There is
a large difference in performance between individual products.

year N mean pb p50 p95
2001 8 5.39 2.45 4.56 9.94
2003 1 3.44 3.44 3.44 3.44
2007 12 3.10 -0.18 2.33 10.10
2008 6 3.56 -0.27 3.36 7.13
2009 16 2.97 -0.44 2.89 5.90
2010 4 4.47 2.43 4.58 6.30
2011 10 4.97 1.37 4.12 14.41
2012 9 6.89 -0.82 4.35 19.88
2013 110 4.59 0.81 3.44 14.51
2014 269 4.61 -0.79 3.47 15.69
2015 379 5.86 -1.10 3.72 20.05
2016 321 3.83 -2.92 2.29 15.54
2017 565 -4.24 -24.41 -1.95 10.21
2018.6 253 -16.26 -53.35 -14.13 11.22
Total 1,963 -0.53 -28.13 1.81 15.14

Note: Authors calculate using the Financial Supervisory Service's disclosure data.
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(Table 7) Investment Return Rates by Sales Year(2018.6, bank trust)

The yield gap between the 5th percentile (2.31%) and the 95th percentile (4.42%) is
1.11% p, even though it is a stable trust product guaranteed by principal.

year N mean p5 p50 P95
2001 27 3.24 2.59 3.24 3.97
2003 1 2.90 2.90 2.90 2.90
2004 4 2.93 2.42 2.94 3.43
2005 2 2.60 2.35 2.60 2.84
2006 1 4.42 4.42 4.42 4.42
2007 1 2.19 2.19 2.19 2.19
Total 36 3.16 2.31 3.08 4.42

Note: Authors calculate using the Financial Supervisory Service's disclosure data.

R

2018 7] 71% s AR AAS SRR S4 232 2T 3,08071=
FAES AR AR iR 5670 Ak TAIE 5= 2002 2x o] 71
stof 2097t miE FEFABOTHD)S FYsHL, o]F 10d0] AUA Aa e 7Rt
Folth. oA 713t Hie} o] AFASAFE tigt i Fapda]o] Y ds v A
Fot Aga vl $HE FL2E7] dzo] Y5 tH] 2r5&F Rl A+ 29
L] AN} - T tiH] el ARe] At i o AR AR 9] A
He)1DZ BT FASHL Qi) 12u, FAoA HE Soie (FAEE+HFA) 7]
TOo=® S35Y7| dZol AF(EALT ] i 7)) 79 e kol 3
Sit

(Table 8)-%2018.6 71 3AIE 3,08071 AaA1E4E] ol Gd = the] o5
T AWRPE - SFEAUER vt Aotk BE e e B 16.71%, §
FEEE 11.53%, ASHER 3.77%, AOSHELRIG 42.39% <=olvh. FprZHEE 4
10) ZZ@eilo] 2003.7.19 7%, 15W7F9] g oiv] a<pm&2 [P 1587H2003.7.1~

2018.6.30) <er=2] A +11547H2003.7.1~2018.6.30) HUYFS] FAI= AEHct

11) Fzmvfdo] 2003.7.19 A%, 15979 Agg o] $4a&2 1592K2017.7.1~
2018.6.30)°1 ¥t Azt ]+ 1594 T A13(2018.6.30.)9] AHE]o® AHEdrt.
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(Table 8) Fee of Individual Pension Products by Sector(% of paid premium, 2018.6)

(Table 8) compares the level of commission paid to the 3,080 pension savings
products announced as of 2018.6 by the Elapsed period and the financial businesses.
The commission average of all commodities is 16.71%, the median is 11.53%, the 5th
percentile is 3.77%, and the 95th percentile is 42.39%.

Duration Product N mean p5 p50 p95
1 year life 589 6.83 4.00 6.69 9.70
non-life 548 7.23 3.00 6.46 12.55

bank trust 36 0.75 0.57 0.75 0.86

mutual fund 1,907 0.65 0.13 0.59 1.42

total 3,080 3.01 0.17 0.93 9.97

5 years life 589 6.82 4.00 6.69 9.70
non-life 548 7.23 3.00 6.46 12.55

bank trust 36 3.51 2.67 3.34 4.71

mutual fund 1,907 3.10 0.57 2.85 6.41

total 3,080 4.55 0.78 4.00 10.06

10 years life 589 6.30 3.83 6.36 8.49
non-life 548 6.92 3.00 6.44 10.99

bank trust 36 6.10 4.40 5.99 8.68

mutual fund 1,907 6.13 1.13 5.67 12.72

total 3,080 6.31 1.52 5.98 11.73

15 years life 589 5.69 3.68 5.54 7.56
non-life 548 6.12 3.00 5.57 9.56

bank trust 36 7.71 5.48 7.61 10.57

mutual fund 1,907 9.20 1.73 8.53 18.64

total 3,080 7.96 2.25 6.60 17.16
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20 years life 589 5.38 3.50 5.30 6.99
non-life 548 5.72 3.00 5.16 8.87

bank trust 36 9.35 7.12 9.09 12.64

mutual fund 1,907 12.31 2.33 11.37 24.69

total 3,080 9.78 2.85 7.62 22.79

30 years life 589 5.73 3.80 5.59 7.33
non-life 548 6.49 3.28 6.13 9.80

bank trust 36 17.05 12.48 15.92 29.27

mutual fund 1,907 23.03 4.35 21.26 46.30

total 3,080 16.71 3.77 11.53 42.39

Note: Authors calculate using the Financial Supervisory Service's disclosure data.

(Table 9= AHF HH| +r2 52 dWRIE-S54EER Hud 2ol
3,08070 4EY] $RE U Bt 32 0.72% SUREE 0.52%, ASHELe
0.02%, AOSHIERIa= 2.07% soltt. ARtz AduEd, 14, SU7Ale B8
a3 SR SES] e aE0] A, 109 ojFole 2T
271 H ol AAIZ Adg oiv] aeas Facke 23T wRdE=E vl
SPH, AIFET HETF e, A5 Alol9] AR HEAREC] B A o= 23AE9] 4
¢ YIRS R AEY HISol tiFEt Bls AR FA9, AT 5

FAHES Hlgo] ol HE Bk £ 50| B fees Helr,
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(Table 9) Fee of Individual Pension Products by Sector(% of asset, 2018.6)

(Table 9> compares the level of the reserve to the commission level by the elapsed
period and the financial business.The simple averages of commissions for 3,080
commodities are 0.72%, the median 0.52%, the 5th percentile 0.02%, and the 95th
percentile 2.07%.

Duration Product N mean pb p50 p95
1 year life 589 7.24 4.09 7.06 10.54
non-life 548 7.74 3.03 6.76 13.89
bank trust 36 0.74 0.56 0.74 0.85
mutual fund 1,907 0.62 0.02 0.56 1.41
total 3,080 3.09 0.11 0.88 10.77
5 years life 589 1.38 0.78 1.34 1.97
non-life 548 1.45 0.58 1.29 2.57
bank trust 36 1.16 0.81 1.1 1.43
mutual fund 1,907 1.06 0.07 0.95 2.13
total 3,080 1.19 0.19 1.11 2.29
10 years life 589 0.49 0.29 0.45 0.7
non-life 548 0.60 0.27 0.56 1.04
bank trust 36 0.89 0.51 0.885 1.39
mutual fund 1,907 1.06 0.09 0.99 2.18
total 3,080 0.87 0.18 0.69 2.01
15 years life 589 0.26 0.18 0.24 0.35
non-life 548 0.25 0.16 0.22 0.42
bank trust 36 0.65 0.48 0.64 1.09
mutual fund 1,907 1.07 0.09 1 2.21
total 3,080 0.77 0.15 0.51 2.02
20 years life 589 0.19 0.13 0.17 0.25
non-life 548 0.17 0.11 0.16 0.3
bank trust 36 0.67 0.49 0.64 1.1
mutual fund 1,907 1.08 0.09 1 2.22
total 3,080 0.75 0.11 0.51 2.03
30 years life 589 0.05 0.02 0.03 0.05
non-life 548 0.08 0.03 0.04 0.15
bank trust 36 0.68 0.49 0.65 1.12
mutual fund 1,907 1.10 0.09 1.02 2.26
total 3,080 0.72 0.02 0.52 2.07

Note: Authors calculate using the Financial Supervisory Service's disclosure data.
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(Table 10) Net Returns of Mutual Fund by Investment Type(2018.6)

(Table 10) compares the commission rate (at the end of one year) and the level of
return for each investment type of the pension fund as of 2018.6.

(Unit: %)
Type Fees il Number | Share
mean p50
Money Market Fund 0.15 1.42 1.37 39 2.0
Real Estate 0.75 5.49 5.29 11 0.6
Real Estate Derivatives 0.18 2.38 2.38 2 0.1
Fund of Funds Derivatives 0.63 -18.68 -23.49 11 0.6
Fund of Funds 0.47 0.02 1.46 591 30.1
Euity Derivatives 0.62 -9.95 2.50 71 3.6
Euity 0.86 -1.46 2.88 741 37.7
Bond 0.25 1.31 1.60 160 8.2
Special Asset 0.71 2.24 0.74 13 0.7
Special Asset Derivatives 0.71 -9.95 -4.38 7 0.4
Mixed Asset 0.52 3.25 3.74 20 1.0
Mixed Asset Derivatives 0.36 0.94 0.94 1 0.1
Mixed Equity Derivatives 0.73 -2.35 -3.52 22 1.1
Mixed Equity 0.74 1.97 2.60 87 4.4
Mixed Bond Derivatives 0.47 1.22 1.22 2 0.1
Mixed Bond 0.49 2.57 1.90 185 9.4
Total 0.62 -0.53 1.81 1,963 100.0
Note: Fees are based 1 year later charged to asset.
1670 EA39 1,963/ SaASHE AR 19 A A 48 B $52

0.62%017, oI5 ES] 5018 BRES 0.53%2 B, FAGHE i85
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(Table 11) Summary Statistics for Investment Return Rates(2018.6)

The pension products analyzed were 221 sold in 2001-2006.The total number of life
insurance products is 102, and there are 75 non-life insurance products, 9 mutual
funds, and 35 bank trusts.

Variable N mean S.D. p5 P50 p95

Cost 102 7.04 2.10 4.68 6.52 11.09

Life Nominal rate 102 3.69 0.75 2.52 3.53 4.67
Excess rate(deposit) | 102 0.40 0.67 -0.31 0.27 1.18

Excess rate(CPI) 102 1.41 0.77 0.44 1.34 2.35

Cost 75 8.51 1.50 4.79 9.06 9.81

Non- Nominal rate 75 3.57 1.32 1.86 3.41 5.24

life | Excess rate(deposit) | 75 0.26 1.24 -1.16 0.14 1.75
Excess rate(CPI) 75 1.30 1.33 -0.51 1.22 2.92

Cost 9 12.82 7.57 4.32 12.14 23.40

Mutual Nominal rate 9 5.17 2.74 2.45 3.44 9.94
fund | Excess rate(deposit) 9 1.70 2.73 -1.04 0.14 6.45
Excess rate(CPI) 9 2.86 2.74 0.13 1.23 7.62

Cost 35 7.70 1.14 5.35 7.65 10.20

Bank Nominal rate 35 3.19 0.51 2.31 3.11 4.42

trust | Excess rate(deposit) | 35 -0.24 0.51 -0.90 -0.35 0.98
Excess rate(CPI) 35 0.91 0.47 0.27 0.82 1.91
Cost 221 7.88 2.56 4.32 7.47 10.81
Nominal rate 221 3.63 1.13 1.86 3.43 5.23
Excess rate(deposit) | 221 0.30 1.08 -0.82 0.15 1.74
Excess rate(CPI) 221 1.35 1.14 1.67 1.23 2.91

Total

Notes: 1) Excess rate(deposit)=Nominal rate-1 year deposit rate
2) Excess rate(CPI)=Nominal rate-Inflation rate
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(Figure 1) Distribution of Investment Return Rate and Fee by Sector

This is the result of comparing the excess returns (nominal rate of return - 1-year
maturity deposit interest rate) and commission levels compared to the principal
amount paid during 2001 ~ 2006.

(Excess rate) (Fee)

I |

Life Non-life Mutual fund Bank trust Life Non-life Mutual fund Bank trust
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(Table 12) Definition of Variables

Variables Definition
Del_) endent NR Annual rate of return(nominal return rate)
variables
Cost (Total cost for 15 years/Total paid premium for 15

years) x 100

Company group dummy
Sector 1: Non-life insurance company
0: Life insurance company

Independent | Cost X Sector | Intersection term
variables

Year 2001(reference group)

Year 2002(1: 2002, 0: Otherwise)
Year Year 2003(1: 2003, 0: Otherwise)
Year 2004(1: 2004, 0: Otherwise)
Year 2005(1: 2005, 0: Otherwise)
Year 2006(1: 2006, 0: Otherwise)

SRl ARG W] it 7|2 B A= (Table 13)3 it} AFAEAFES] 154
HA 8] Hatgh 3.64%011L, HAFE 1.86%, gk 11.72%= A& 7+ Axpt
3t i QA Hgh2 7.67%014, A 4.68%, Ht 17.84%= A& 7t A7t 2
o} AA 2 F SRS} AEO] AR|SH= HIF- 42%0]h

iz
\
i)
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(Table 13) Summary Statistics

Variable N mean S.D. Min Max

Nominal rate 177 3.64 1.03 1.86 11.72

Cost 177 7.67 2.01 4.68 17.84
Non-life Company 177 0.42 0.50 0 1
Year: 2001 49 0.28 0.50 0 1
Year: 2002 14 0.08 0.50 0 1
Year: 2003 31 0.17 0.50 0 1
Year: 2004 10 0.06 0.50 0 1
Year: 2005 33 0.19 0.50 0 1
Year: 2006 40 0.22 0.50 0 1

. AN

(Table 14)& AZEA0] 8T 72 WSS 7k ol ATASS S4T Aol
Zolg} A1ulE Aolo] D)) BAS k= Aow Uehtor}, EAH0E o8

L gtk 50187 SHLFAE Alololi ()0 WAV EASA, A BAHOE §

{Table 14) Person Correlation

NR Cost Sector Cost X Secto Year
NR 1
Cost 0.0570 1
Sector -0.0563 0.3633™* 1
Cost < Sector | -0.0423 0.7225" 0.8913" 1
Year -0.6020° | -0.3770° | -0.0798 -0.20517 | 1

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

AHaes Al tagAd EAIE ERlslr| ol EARIAHAS(VIF: Variance
Inflation Factor)& 4ottt 1 A3 7 H4=E29] VIFZ} 25 1.6ETH 2HA] UERte
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(Table 15) Regression Results of Investment Return

In all models, a negative (-) relationship is found between nominal returns and
commissions, and statistically significant.

Model 1 Model 2 Model 3
Cost -0.105*** -0.096*** -0.074%**
08 (0.0320) (0.035) (0.041)
et -0.086 0.509
ector (0.131) (0.614)
Cost X Sector (_85)7743)
-0.622* -0.623** -0.601**
Year 2002 (0.242) (0.242) 0.187)
-1.138% -1.129% -1.108***
Year 2003 0.185) (0.186) 0.187)
-1.492% -1.499%+ -1.4611%
Year 2004 0.278) (0.279) (0.281)
S1.611% -1.602%* -1.574%
Year 2005 (0.189) (0.190) (0.192)
-1.795%* -1.788"* -1.755%
Year 2006 (0.180) (0.180) 0.183)
Comstant 5,484 5.538% 5. 274
(0.303) (0.315) (0.356)
Number of observation 177 177 177
Adj R-squared 0.4033 0.4251 0.4284
20.82 17.85 15.74
H:alB =0 F
biall ;=0 , F(p) value (0.0000) (0.0000) (0.0000)

Note: 1) *** ** * represent the significance at the 1%, 5%, 10% level, respectively.
2) The numbers in parentheses represent the standard error of the coefficient estimation.
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YAl 2] AARrES Faohe 45 7de I55H
"ot AlARRE&o] 2.62%HE W2 73 TRl 108S Fofshe i, AlAeM|E0]

10.31%5 23 49 H4E FoiokA| G=THIVFP, 2017).

(Table 16) IVFP Aquisition Cost Rating Criteria

Acquisition cost/ Acquisition cost/
Premium Sum Premium Sum
10 point less than 2.62% 4 point 5.61%~5.97%
9 point 2.62%~3.28% 3 point 5.98%~6.64%
8 point 3.29%~3.92% 2 point 6.65%~6.91%
7 point 3.93%~4.53% 1 point 6.92%~10.31%
6 point 4.54%~5.06% 0 point more than 10.31%
5 point 5.07%~5.60%

Source: IVFP(2017).

13) g2EHAF HAE ZIE AFcte Xo2E Y AHlA EF IA(nstitut fir
Service-Qualitit), Franke & Bornberg S°] It}
14) https://www.testsieger-berichte.de
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THAAF 7HY @S Hojg, ol Wi tigh FH= HEO] Ho|RofA AAIE
o}, Soldga} ARG 7S HES] XEEQ FE, R FFo] AAHH,
7M1 olzfet JEE HE A= o] &-851A Hr}. Briiggen and Bohnke(2017)0] w2
H QIR B5= oA 7R HEE WHSks ] 7P o] & AR UE
th.15) THH, Solddge] thet RS woll & Hi= QAN B gof vigehe A
B FARRY] o5 S7|AIA 7R slojg UlE-2 Felshes Rl 2R FY
SAAE QrojA v|5H FAHo|tHCrongyvist et al., 2018).

e o] HEE TElokE Al A4 (Pension Agency)< HE ko] wjet
84H(Fund Administration Fee)Q] YEE 7I4AA FalF+= A=< Price

Reduction model 290 24 71UR}0] g Bk Aslokal Qlct.16)

V. Q9F ol 3kS K|

MAAFASEES g, T 2, AAEE 52 Artshd 1 ggo] #A] gi.
AAISER] P At 7HIRPE A&A o r EASHAL, AaAR oA =(EASE 4
T 7517 IRP—AFAFI) = AAIEIL Q7] w2e] AFASF] tiek FA3H =
< - S851t olo] & =Rolie AlRtE S8 34 ARE B85l daAE
E0 e EAsIg o, 8 AWE Qofehd thaat Atk

A, 20184 AJRE7] 71% il & 12~17d B3 En=221)9 A7I5dES
AT A3}, EE Bk 3.63%= et ole 139w] A7ldiggeiet 44
A=7HdsE v] 0.30%p, 1.35%p ¥ Aot RS HH, HE,E2] A5HE
A 1.86%, A9SHEAT 5.23%2 /J5 Atol2] ARP7E A WrERdT. E3t, B dd

s

15) AEZRAPIA 2317 §5E B9 Wt ZEE Aok Zlo] HE ¥ IS U
3 SEEE HEe & 22%2 UEHTHEE S 7Fe). ol AFAAAKfinancial
advisor) 9F 21%, ARICKE, I+, AFe=m) F 16%ETH =2 FFo|th

16) Sweden Pension Agent(2017).

17) 9345 Atol9] Alfols-2 2001 39EE o1-8F At

18) IRPOIIA AdgAFC R ARolES 201649 6EHEH &=
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Abstract

This paper analyzes the performance of pension savings products by using
the information provided by the Financial Supervisory Service. As a result of
analyzing the long-term returns of the products (n=221) that have passed 12 ~
17 years after the sales in the first half of 2018, the average nominal rate of
return is 3.63%, which is 0.30%p and 1.35%p higher than 1 year deposit rate
and inflation rate, respectively. Regression analysis between commissions and
returns for a similar pension savings insurance product (n=137) showed a
statistically significant negative relationship. This means that information on
commission rate is a very important factor to consumer's investment decision.
In order to improve the performance of pension savings products, regulators
should work to increase the accuracy of data and provide informative
information to decision makers, such as changing disclosure information
based on actual performance. It is also necessary to consider the measures
such as the case of Germany and Sweden to convey understandable

information and guidance to change the product for customers.

% Key words: Individual Pension Product, Investment Return Rate, Fee,
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FOo= T AFELS AR 749 A7t UE wf CEO wAI7F EAgstkaL, WA o]+
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1988; Warner, Watts, and Wruck, 1988). o]=f3t ZAik= HE4JA}F Ao] 2820
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olgo] frofRt A2 A A717F £& AdRolA HSEA &2 A2 HdeY B
B2 719 Ao olekol7t 25t A o= olsiE 4= Uk, ELE olE’t 4
= CEO WA7E 7149 A et 2(-) 9] BAE Holil, E3] 4k 31715 HiARt 7]
A9l =Rt i UE wf CEO wA|9] A8 7hs/do] S71ktth= o84, 454 A%
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TollAlE 7150l CEORIAY] ot gl &, & Aofxie} o] 71574 GAE Al
F 211, A, 7| oz FERt A Hokiy] offal A o] 2R 734
]l siARke AL At B9 SA R IFS82] olE TRl fldl ot 2
< FAH Yol &AL 71E A7OIA A9 HRoIAA] ok olf= Ak Aol
V& ol & Aol s ARLEILA, AE 5 HI AmddE Aot o] Aok
SESIAL Ut AARE S olEold S3Ho] Atk

B =52 that ol g Al TeM e 7158 94 Al 248903 71573
G Aol Z1d7HIel vlRle el tid 71€ A5 ahskal 7HaE AARIT A
IFgelre Eol A% B #iseo] ST} 7128A1E AR Al Ve =
582 2H 80 JI=£5-80] 7147 miAls Y= TEste] AR mAee =

Al VARIAE B2 AAREE AXBIAL w2 TRt

&2 0= CEO A7 A 7199 et 2(-)2 TAE Zeths A2 & e A
Ao|th. 53] CEO A= 7]9do] &3 AR 9 A 821= HiAIskaL CEO 179 BY%
o]l 7]9tsfiof skctal 45 Holmstrom, 1979, 1982; Diamond and Verrecchia,
1982). ]2t CEO wAo] theh &4 Ate B9 Aol AAZ 0|1 a2l 4%
oAl CEO 2AIE olA=]ol] &f3t w-&78A= 7Hgstal o]Fof7l Aol

SEARE AJHjEF7} 71502 o]Foi7l Ao A= ol ZHo] B ol RaskA| ¢k
ok B%°] Perez-Gonzalez(2000)= 71599 & OIS AYsh= Zo] vHA|
20009 =99 FHEYAES] GAE 20209 S8 =7 #E=E Aok A HE HE
Pct= TG AL ol2gt o] 7|gkete] Burkart, Panunzi, and Shleifer

4=

2) David C. Johnston, New York Times(2001. 2. 14), “Dozens of Rich Americans
Join in Fight to Retain the Estate Tax .
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(2003)9] 7I=7140l41 2] BFA SA gt ol 22 A7kl W= A3 A 71574
FAED B 9% 58S Bl 7FERIT of= ZRE7IdollA 9 AR A9 4
8821 A4 T HE aRlof 7IIsAY v At Uk 7hsAdo] EART
= A& Quleit

ufebA] ATt 71EQ1 719E e R gt AolAE B Aele 2F UE
oA AR wAY A8 1l QItHAnderson and Reeb, 2003
Villalonga and Amit, 2006; Maury, 2006). Burkart et al.(2003)°] @t2H X|8j53
W= IS FA(welfare) SHHEISH] 918l 7HEd Yol CEO 21915 &eAl, A
YA AU ARJAIE BRI, 7| M Al 7159 S IS AR
7Hx]2} BA|9] AF4 o|E(private benefits of control) 22 Tt weha] AJujEE
W7h= AFd0] 2 7199 A9 Ad g3 o=H Al AR7IAIE SHiskel 1L
SAU, CEO 21915 E-83to] AR o] 52 FHit #2]2{al & ZlolH.

A2 A A BleL o] 7157 PRk A7 F AR BRolIA S5 S 71
T UARE CEO AYo] =583t ofef=2] o= o|FojR|= 5 7154 A &
o5 A¥Kentrenchment effects), FYH A, 3] 4Y 522 7|94 0] =

HE 4 9= o] YeRE 4= 9t Allen and Panian, 1982; Schulze et al., 2003).
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2xfrdo] ZAY Jge] didt SA1do] 2 AlQARESS 7150] CEOY 7Fs7del 71kt
Oh= 23 AlARI.

2 ATe 7IE A7 2] EAYAE AuiEE 211, A, 7IEF IFe® st
£ = 3tk A4E CEOR Agith=
A2 CEOZA Y] 4Gt 7o 77 g4t Z AT A= &8ss AolE g, o
off I 42 FFe ALY HoAY OlEFAE olfR A oR $-Eit 7]
oA Ahd7F CEO= AYE 7isgol 7 IA Wehd Aoz 7IHRitt. wabA M=
582 27 ARl ek thae] 7S AR

]

TH 12 $:9)50] FI £I8le] 32 7| YYFT HTFGH FEHG 55 i
A A5g] 3

2. 7158 EXt A0| J|¥TEx[0l DIXl= Fe

7IER A Y A At A & AtoflAe CEO ZA7H 7197k-0f WA= 9
T2 AR 71E Aol WEH ZIEE FAF Aol Z147EA ol miRlE Y =
of27} k. 3782 SHoA, 7ISE G BT IFARO|ERE A2 GAe] AR

2 4 UcKStein, 1988,
1989; James, 1999). & tHE SHOA 71574 BR HAHTE= 71949 4714
/353 T HIgAA BAAZ Aoekal, 7|dy) thdsto] 855 ol Sk A4
< ¢ @o] E/okal tiKandel and Lazear, 1992; Davis, Schoorman, and
Donaldson, 1997).

SHARE Hj2]Ql o] F, XE5-8, ofeke], B9d SAl Wt B AL IS Y
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B9E BAZE 258 Aot ofF S 71 tiEl A Fdths 5 7197l 2
A 835 v|E 7FsAdo] AthHBurkart et al., 2003; Shleifer and Vishny, 1997;
Villalonga and Amit, 2006). Z[8j5= H G2 A9E 71 3Ll egoks, & A
58 o] W1 whzell AR A AloFste] 7I47Hl g I o
(Perez-Gonzalez, 2006; Schulze et al., 2001; 2003). T3 X|ejFF9] Ay E= 2
Zof| it oletol e 7 Y 71573 FA] it a2 olFEA SiA ZI7HE o
SN 4= YtHSchulze et al., 2003).

71&9] B2 ASATol| W= AR AR FARRE Kot et At AXl= 9
T2 7SI 344 At Bk v, SElueiel o] FARE S} ofstal
27 SE F7PIA= 71574 9Ae] 84 AnprE HalE A Qi

A AT A=S Ve R 7S48 94 384 SHE AXRE A5 vt
2t} Anderson and Reeb(2003)=> S&P500 7%= o2 7154 9ARI 7ol A
FEZ492R1 7140 vl APt o <sltk= 23 2 sttt Villalonga and Amit
(2006)2} Adams, Almeida, and Ferreira(2009)= Fortune 500 7|9& tiilo g2 A
A7} CEOY Wl 7Fx7} =tz AXE AR, Fahlenbrach(2009)= vl=t 719< o
o= YAt CEOY Wl 7FA7F =01, B4 Hal, FAAR A $46Ht= A2
AR Maury(2006)= AFE =719 7198 dieR 71494 7199 et
7RPZE B 945N O WAl AR =7 S FARE Eoot A%t 5710 P et
= S5 AR

o}ge] AFEIMEAE 715 YA T AHANY] A2 TSN, AAre] &
o] CEOY = 7]47Ex7} oltel= A3E AlAlolal JrKVillalonga and Amit,
2006; Fahlenbrach, 2009). Est AUt} 71F4-& thA22 3t Morck, Stangeland, and
Yeung(1998)2 7I54 At 7199 d9/877t o Wrhar B ugick. ghd, AYRte] &
o] FYA= U= ARE tVdom FAAPGOIA FAAR 7SS ARt 7=
T e E2ARIcKSmith and Amoako-Adu, 1999; Perez-Gonzalez, 2006;
Bennedsen, Fan, Jian, and Yeh, 2015).
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57} BAT AR AE B83l0] CEOS A B 49 719710] 584 3%
2 v Ao® ojAEIct. E2ol, Alze] H9E CEO7 el Afel 249 744
A3 A AVge) B 9 OJERIE ol 9 Z|Q Kol 7V $A ST vld R0

2 7o w2hA CEO wAlFF ] 7197HAe] vlAlE F3el didt thae] 7Hde Al

ine)

TH 2 FLGG Y A TG BT APS BED G, 5 HGGNE A

T A2 Y2 FP 7| £ G v]E o)t

Il. 24 Xzt Hey

HI

M =

E A= AL A7 EA (Korea Stock Composite Index, KOSPI) A%+
7193 Z gl IAAE] oA ZADZE HAY(FANE 7S Fx BHHEoR A

3) 2 Sheds d9Y 7IEel wet B4 Aie.g 5%, 25% B)= HRT tiFFo] &4
B g 7IE7|9S FEskL QItHMaury, 2006; Villalonga and Amit, 2006; Andres,
2008). SHAJEE, olEfgt 71&2 t9] AGAE ALd 7|AFHES Bl Al AERte R
A 717 Al BAEE Xl S AEARRS] Ay 727t At} o
A, & dves FYY 7Rl AEARe FaehA AdAER] SAIES HRS A
WPt EAcl:s A5 7IE7192E HogtHAnderson and Reeb, 2003). °l& #Is,
£ e AREIAE Hgo R AEiEFE ettt T, ARJERIAY et |
AALGADCZE HAE A & Rl AETXRE molote] Add BAEE 2= Auis
HELR) HAEE F=3h Fast 3, 719 QgEHHEA, ARV 7E FAAE 5
= gRlsto] oA &35t HHI] FAHAES QA ASTeh AHiEF ke AAGEIAL
ETARICE HAE Bet ofe}, AujFee] AR FAEER, olE9] 4 gkl
gt} F7HdoR tHolA W FAlo] 23 Huie € ESTARIES] A A
HE mjofsio] AZHoR 71271 oRE A HST

4) B At AGE SA ol thFEL lo] tEoAt AuiEe] A WAEE ATt
o] A9 AR & 4 A=7lol gk ==o] A7|1E 4= Sltt. oyl oAk ANV 7]
Al HYYAEA ] gt HFH HIS BEfol] o] g¥sH dxd FHFE AR
AdE 5= o, 7Rt 2 oEEE 7HE AR didEe] =49 A7 ZX dotn o
GE olEek ARE 7GR HHR EoollAE thEOIA WAL el & HIE op|st
= HH ARd(event)Z QAlohH, T AFEL olEfgt ARAE FAoE EAERAY
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Zo] AGAF A Ul =589 Al BE HS
SH=H| 7] whizelet. #4717 2005858 2015W7HA|o]et. AFA#2] v 7hs-d
I A9} Aol g LEolo] 8- HEY 7193 AR 7192 oA Alefsitt. o]
191771 719-A%= 32(6107] 7|9l ASEA 0] &&=t i
oA} Ao #WSF AHL A A ARERIAAE(Korea Investor's Network for
Disclosure System, KINDS)S] ‘QjHoAF M7 TAIE vl o g £ZAE 5o =435t
o & SAlole A A} 59] tiirola} Agrgo] ZtE o] itk & A= 7199 ARlE
A9 iR B SSTAIRI FAAR AR S BiEo R AHiFTet o] 59 AR
S ety of=ek 3ol o, HiFEFTE HAAIGA 928 BEilsE Aol
7199 27725 F2510] AEAQ] A PAboks AiFTE ARt 2Rltich @
AoAR Hold AiF 7HA e e AQEIAY 45 d2AEE HEL
2 7AdS Bl st RS 719 AlAlEeE FATHAS ARIEAAE o]
Eftf|o] A5t EN-GuideolA] S&5lo] E-83lth

A
T

2.

r&

7}. CEO TA|

& e Fol SAIAE 18] o 'HaelAr A FAlol o] FeiFl 7]¥e CEO i
A A FEOZ QAISIY, o|gt FA|of TekE WA Ay} 9] tHo|A}F AAHE A]H|

33 47ke] AEol miA(matching)sto] AEA AL} 7154 G = FEgIth olgt
I4& AA P-F, F-P & Y4HZ] CEO WAE &3t} P-F WA|(P-F turnover_+= A
B4 GANA 7154 G A s E7DE CEO7F WA 719E ou]obH )5 & mAl=

7} AT ookt Folm, WA AR $A9 AEe mells AL AT
1) F80] JJIE o7} S, ARl ARe] Y4k Aol BoRsSiet. oJZIet ol
= $737, cEo WARE B SAS QT AL 2 gl TS Wl

5) QAP ofe] ol ZASR: 71det BAF T ZASHEE, P-F mA e A%
B AR J19elA SIS A 1HolkE 2ot B wA) AYE ASE ol
W2, PP WAL R 1BolekE J1% A9} EAskt nE A% A
Al A9E ojulsit,



ra7ieel azsga et oz [EE

7157394 R0l wht P-F ERIREiES:, P-F CS), P-F AR, P-F child)e}
P-F 7]e} =716 Z=, P-F others) 22 A2 P-F WA= G832 94 A
oA Fagt HBAF AR A9 AFHE QfulstH, o|ES ARSI WA F3 A
olx9] Ao} tEo] 5589 ants FAlo| wrggith F-P WA(F-P turnover)=
71573 QAN AR GAZ CEO7F wAIE 719 ougict. F-P wAl= 4% 39
A} AAA 584 AIA AAQ] o|[9] 3= HEgs) P-P(P-P turnover) =
F-F ZA|(F-F turnover= P-F A9} F-P wA|o] 35| 9= Y] CEO wAI7}
HhAGH 714 QJuighe). SHH, P-Fe} F-P AIS FEgo] 910 (1) HdiFE32t CEO7F
Aol HEE A (2) 10% oV 2771 gl A% (3) ol 2t A 2A], (4)
719 3, (5) 71 CEO AFY 6-2 2561A] QIsleh. o= B3t tiEo] A4l &
AB(AE)E 71Aok AFIAY 71E A GAZ A ] JFES B4 Ao)7] Wioltt, 3
H, W gPgolut 714 B 5 0= CEO7F wAE B9 B Ale] Aso= |
7] ol29] 23olA] gheth. Bl Azl A= T2 {3 tHHOIAF ' FAlo &
et A Hx BAIE HROE RS FESIth ol & A7t ol IAARES] BY
At = Fejrt oS SAIAES] CEO wAo] vl YIRS B4517] wiio] ol=fgt

AL 7V ges] WH9e = Qe AA o= ofsfE = QU0

;

(Table 1) CEO ¥4 ¥ #22] BEZ AARI. CEO IA7F AR 7192

1917742 £4971710] 23] Solat o] glo] #5akA] LIsH| Uehiet.
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(Table 1) Sample Distribution by the Type of CEO Turnover

Year/ Total P-F turnover F-P F-F P-P
Type turn Total P_F CS P_.F P-F turn turn turn
over child others over over over
2005 169 14 5 5 4 16 53 86
2006 176 11 7 2 2 10 66 89
2007 152 6 2 2 2 10 54 82
2008 185 11 8 2 1 15 64 95
2009 183 12 6 4 2 9 73 89
2010 168 14 7 4 3 10 61 83
2011 175 9 5 4 0 19 71 76
2012 168 13 10 2 1 8 68 79
2013 194 11 2 5 4 26 75 82
2014 179 14 10 2 2 19 65 81
2015 168 11 9 2 0 12 51 94
Total 1,917 126 71 34 21 154 701 936

Note: This table shows the sample distribution by the type of CEO turnover in each year.

Total turnover means firms in which the CEOs are replaced in the calendar year. P-F
turnover means firms in which the professional CEOs are replaced to family CEOs
(controlling family). This type of CEO turnover is sub-divided into three types based
on new CEOs’ status within a family. P-F CS means firms in which the professional
CEOs are replaced to a controlling shareholder. P-F child means firms in which the
professional CEOs are replaced to a controlling shareholder’s children. P-F others
means firms in which the professional CEOs are replaced to a controlling
shareholder’s other relatives. F-P turnover means firms in which family CEOs are
replaced to professional CEOs. F-F turnover means firms in which family CEOs are
replaced to other family CEOs. P-P turnover means firms in which professional CEOs
are replaced to other professional CEOs or are not classified to the above types of
CEO turnover.

P-F 2 Al= 12670 7140llA TAet 2o & #aE=d], ol= A4 CEO A9 10%E
sejshe Szzolt 5 WAL AHEAAOlA 3] BT 4= 9l LeAQl Aol ofde

AR, Wb, oleiet WAl Al A7ho] 991 wialsle] AR, SARE

29] @Ak 7170, AR BAL 3470, 7)e Azom

Y AR BRA YA AR ofHS Sfulshs F-P WAV BT

olF 9fu] Sl WMok AT 7hsAol HaE A5+ AUk P-F 1A F 29l
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AEA CEO7F A 7% o159 4 ¥58= 53l AFATE 2askd o2 olsiE
= Qletk SHARE fiRlo] ¥ 7
H(discretion)= LF|s}7] -Bolet &
A 5Azt FAME tiE] B71ec]le] REHAE V1Y 99 thEAE 8]t
(Volatility).

AJeiF A7 F 7H] F2E 551 S48 (control rights) SPARITE A[ulS=
719l AH A& H-{Direct ownership)et AlBARE &3 31420 7 A& HH
(Disparity)7} ZIAE0 o). AA19] 3%- vlig, A2o]|59] vleok= 4124 HAdo] Avts]
7] whzoll 2 Aol =2 7Ihel His] A= aeAdl BITHE A A
(Jensen and Meckling, 1976). ¥, $X}= Al A7ke] S42 HAYI 2%
A IS ZA o, o] SAH FEE 93t Ho)7] whizo] 7H AlEe] =2 7]
ol thsfl A= AHAol5E Sislohe WFe s FPrEdS e 740l
=THLa Porta, Lopez-de-Silanes, and Shleifer, 1999). o]2{gt =CJslojA I=£5-&
9] 3AARI SHo] FZETH, A5 | 2o] 2 7|doA TD 7Rs/do] &t W,

24219l Zulo] Bzpglche, 7k 2| Ho] & 7|golA WAIe 7isAo] ek,

)
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N,
I
o
o8
_\'1>i
o
of
)
19
=
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T

e}

o
2
o,

H

EC

TR FE U0 G 15l i HolH AGR AP BEAL 7K
947 71202 Fgol Rl 7, theiel BAS) WA 7Rs ol e Aol A

= AAFRE Zlofot. Hite] 9 vlag2d] 4 FE 15582 59l dlasite FH= 3
A 2 9l 2 A7 HEld 24 2 Vs3] H8AIR SAME HiBl FAEEolA
o] AFTFOI FAME tiHl G710l e At ol doighks #H3t WrE 811

o= CEO2] AH2J4Q] o] % (earnings management)] 717t S5 Aegdo] 71%3t
APolE: S 7540 =& Aolek= =dof| 71&3tHAlmeida, Park, Subrahmanyam,
and Wolfenzon, 2009).

2 A o8t 71954 HeE 230 110 ] Wol(omitted variable
bias)oll 7123t W/ A4S ARl SARIT 71dFR ] H&A|= SA kol Az 1



£ 5 3 EIITHSize). 019} Betslel v]LA A AL 71U AEA HY
5 2150] AAe Wolsh] Bole Aow ok, AL theAIZ Sk ol

FHAE 83t Leverage). ABIFEFE L71e] 244 AoFsloA BAE 53 AERE

b

T AF5-80l AT 7170l =2 A2 I = Aot 714 A w4
2t I AT 7Hs/do] SARIT. mEtA, ol SAIs] {8l 714 A (firms'
age)oll ARAZTE FT T2 Bl F71RIcHAge). TSI, oln] AR A<%7]10f Hof
< P 714l ek I5-5-80] AT 7hs/del SARI. v, AHEA 7= ]
S B A HEE 3] de AB7IhoIA AolSS 817t 8olstes

ol 71l Hish XZ-5-80] AL 7155 FAlol SARIT

_ =

(Table 2) Definition of Variables

Variables Definition

A dummy variable that takes value of 1 for firms in which
P-F turnover | professional CEOs are replaced to family CEOs (controlling
family).

A dummy variable that takes value of 1 for firms in which

P-FCS professional CEOs are replaced to a controlling shareholder.
A dummy variable that takes value of 1 for firms in which
P-F child professional CEOs are replaced to a controlling shareholder’s
children.
A dummy variable that takes value of 1 for firms in which
P-F others professional CEOs are replaced to a controlling shareholder’s

other relatives.

A dummy variable that takes value of 1 for firms in which family

F-P turnover CEOs are replaced to professional CEOs.

Profitability Operating income/total assets

Industry Industry average profitability based on Korea Standard Industry
profitability Code 3-digit

Standard deviation of ROA (net income/total assets) over past 5

Volatility
years

Direct ownership | Ownership of controlling family

Disparity Ownership of affiliates

Accruals Absolute value of difference between operating cash flow divided
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by total assets and net income divided by total assets
Size Natural log of total assets
Leverage Debt/total assets
Age Natural log of firm’s age (current year-foundation year+1)
Cash Cash and cash equivalents/total assets
Dividend Dividend/total assets
Investment (Capital expenditure+R&D expense)/total assets
Tobin's O (Market value of equity+book value of debt)/book value of total
assets
SD thfui;OCk Standard deviation of monthly stock return over past 5 years

Note: This table shows the definition of variables.

71910 A5 Afege] A2 FAHE o] B o BEE7HES FETHCash). Al
£/ A9JH 2120) AFBE Befet BHo R AP wgolo] B 7|l e =5
o] WA 7Rsgo] A1 4 Sk vhKleto R, F1Q7hRIe) SR A7|Ape] Apgt
210} BA0) RAA0] e 2310 AR Ui HTobin's Q1S T8t 7127t
217} oksfel 7190el 24 A90] Wao] 7158 Aol olefat 7|l WES
go] Wgalehel ofso] tiat FHHQ ATL AR ANl 5 weE B A7
% ) TEQl X580 7|9 Telde BAslol oldE BeE AU
HAS BAfalo] glof A ol widol 2715le] FAHt thu] il (Dividend) 7 %
Apit o] SRS A%} Q77Eu1) A, Investment)}S BFo] ekt

_4—‘

3. 7| E)ﬂEF

(Table 3) ASEA0l 284 W] 7|&BARS AT 94 (Table DI 5
UsHAl CEO WA /3L P-F A, F-P WA WHz] WA= Eelsha, ZH oA W
59| Btk At P-F A 221, ARde} 7]el Fo] AR AYH A=
A} FEste] SARRS AL AR CEO A EE O] 4294 (Profitability)2] H
2 0.02528 YERgoH, Fagt FJAt APGOR o]5-E ofulsh= P-F WA 20| Bt
2 0.0378% HHt. 53], ] =h= M2 o]=et AR o] H} o] 3E5-80] FA]



a7l HESRY Bet o

o] WAJgE P-F 2h4(0.0542)2t P-F 718} 215(0.0455) R34 $=2/d0] Hlwd =7
WaEr= Folvh £3], WHA] CEO A9} P-F A 13 F =2/ 9] &ol= 0.0305
o8 a4 5% oA F2JAQl Fhol ERIHr: of= ME5-8o] HlwA 943t FF4
5 Hol= 7| oA LAk 52 Qugit). F-P wA9] =2l/d Hto] 71 RA| &
ZETh o5 M At AAlSH, FAagt YA AFe] &80 2 Qlsf eldo] o}
Eo] o] MAAZIAF aeF BYA APGOR9] ofdo] TSI ES AARITH
P-P Ei= F-F WA|9] 3¢ A= A4 Aot fARE 2Pt ERlg.

3, 41 =21 d(Industry profitability)9] ¢l /g3 tAl = FARE wigo]
SRIFE:. YA CEO A9} P-F A 7 7 4k =244 2 Alol= 0.0156°= F4

5% ol F21AQ ghol T nRIVIRR, FE5-80] A} 940] =& 71
ol sk Qli=tl, ol AiFS7t AR Fxolof w5sle] F%5-80] 943t BAT
& 7SS A5 /RIS Hhdsict. v, F-P wA|2] A9 Ay eldo] 7 WA
W=, ol B84 BIA AFS B8R AT B9 Bds
< AR 7199] 918 (Volatility) 2] 749, 2156-80] 'TA8E 7ol 78 RA &
ZE3 Uk, ok, ofEf CEO A #-87He] Apol= o] 2{ofA] .

AeisF A7ke] AR H8XE HA], A3 AE(Direct ownership)?] B2
0.2098% THHTh P-F WA B2 0.2583°02 H|w A A Tt oy %5
89 A% Al 2Rlo] BAYES Egt A9t S Aol7h WA etk F-P 2A|
+ HAIZ P-F wA2 fARE SAXZ . AGALE 535 1 AR(Disparity) 2]
B2 0.16952 ERIEIt P-F 7]8f 31£0] B9 & #49] Hato] 0.2183°0% H|w A
7 WA=, ol Ao} 379 ZRsAge] gt SHE A7 IRttt tiE|lEAS] o
84]9] 0]9]24 9] F7](Accruals)?] B2 0.07852 HEF . 125-89] AL v Z
32 BAAZE WEEE, ol 71E AR dERIEAE TEARE 7570l R3ol

T a7kl wA RS o B, Hat APAF Ao 29| oo Hlae A PEE
ERdITE F-P 2AoA= o] 2] 2717t Hlw ] #A] SRlEEt, ol= ae4 HeAt
AP0 29] o]do] 7154 At HlaeA Rl A e ol 7191 4= 2= omgith

olet 7| AEA R 7| ATE(Size)Q] Bk 19.9016°02 HEHct A 5-89] B¢

>4
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HI A Api 7] GollA] WAYsk, 71er 2% 5-82] 739 et 71ollA EA¥skaL ok
S BRI 4 Qlrk. Al E(Leverage)®] Bt 0.47828 UERITE FAHE HA| X
U 589 A% vl A @2 SAAL, 71E A% -89 B8 =2 FAA E”IEt 7
A (Age)?] AAEEL] HHL 3.41428 PEE YoM, BF HAH(Cash)] HFS
0.0533°0% uehdth XE5-83 YA 5382 CEO wAee] ol B ApEdS &
A=A =t} v A(Dividend)?} FAFAE(Investment)?] B> ZZF 0.0075,
0.0313°0.2 FHHh 7]97H]2] th841Q1 Tobin's Q2] Bt 1.12560.2 A=,
X558 A% vlnd =2 FAA7E Rl

(Table 4= ASEA0] &84 ¥ 2t AAASE ARSI P-F WAl 94
(Profitability) Ztolli= RoZR1 JTTA7E ERI=A] goket. BHH, P-F 14 & AR 29
WA|(P-F ApA)gto] S/t 5141 QH+)2] AP} sl A0 kTt o
£01, At 9" d(Industry profitability) ¥ P-F 2hd ZHol|e f-212Q1 (+)2] 324
A ERI=|GI o= 719 79 S22l =AW, AFdAo] ¥R 7o) digt B

TS A2 2hjof] ol sk ofelre] A T EA0IA A A[oke= Aol

_— 4=
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1. XIZE=R0| AXQOI

P =T1O0 0

# 7= CEO 24| #2 5 (1) P-F 24, (2) P-F 2RIAHFF), (3) P-F A4, (4)
P-F 7]e} =, (5) F-P wA7F 2485 710l 19] gk Folgt HnisE A5t o]
& Z-gRlt). wiebA, 7 FEHPE B87t B39 EAEY dig wA| &
Bt YA 1A 799 SR 1 Aol & BHdsHA| Hr. ol2iRt A2 FIA A
o] 255 7Hdsto] 13 71 719540l 71&3t A B4 719 AlelE H|wSh= Zo] &
A9 F5 FFo]7] wigolth. 23], 2 7+ FgAlS] Aole 24 789 CEO A
of] YIS vIX= 71952 afe) Aol s oufjith
2 A50] 8 W49l CEO A o= A4 B2 wtgshe ol4tg ¥ax(discrete
variable)o| 22, o|2et Fee] SL5HrE EA517] 91t 7= Probit 23 &8
Qttt. CEO A= oA SJA|AE9] B dxe} 719570l 7|2l WAsh= 2o d44]
ojt}. WA, HE SHHPE 171(t-1) oH9] A5 E83ith 7-Ak HiE3 AR
ol et FAE o] R4 A Vel wet ATl eF A Vg aH
ot 714429 clustered standard errorg 53l SA% A4S HSSHHPetersen,
2009). ?HH, CEO A9] F=o]9} sl o] 4] 7t A}olE SAIsH] fIsf AtdTina
(Industry effect, )5 2Pl F7I3tc}. BEo], ALAR o7, A71H5Y] JF2 A
ol arfsh7] P8 A=rlulHa(Year effect, »)&= 2Fo] F7RIt of 4] ()2 A
£5-89] 244 8%0S 245 SIet HES UERith

FA
0_1

_E

=
=

s

P(CEO turnovery)=@(ap+a:*Profitabilityu-i1+a2*Industry profitabilityi-i
+a3*Volatilityy-1+as"Direct ownershipy-1+as*Disparityu-1
+as " Accrualsy-1+a7*Sizey-1+as*Leverage;-1+ao Agen-1

+a10"Cashi-1#+@1,*Tobin’s Qu-1+Arty+éw) )

o714, CEO turnover = P-F turnover, P-F CS, P-F child, P-F others¥} F-P
turnover / i= 719, =AY, t= IAAEE Qu|gitt
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(Table 5)+= %1558 248219 EAZINE ARt 2E (1) P-F ZA|(P-F
turnover), 23 (2= P-F ERI(P-F CS), =& (3)2 P-F ARA(P-F child),8 Z¥ (D)=
P-F 7]et ZIZ(P-F others)® 28 (5)= F-P ZA|(F-P turnover) S 217 &858 &
8ot 24 Aotk Y (1)9] 4= (Profitability) o] F8A= 5% <=0l Frofet &
(9] k& 2= 2108 W) ol &84 AYA Aol Bast IR Ao R

oj%o] okt /g H= [lsh W] ke 23] Pt B9 HE 2= 714l o

o] 2 Folo] 2 7] WYL OJulic. of= WEA theiglolEslolH e

291 APHEE Kol AGAl gt F&az= A Gt Ago] Asetths 43t #iA]

Stk B8], o3t F¥9] CEO WA= ¢4t F¥ede 4% 7IE A2 AE HE
AZ1AL IZZ Qlulelr] mZof ofef AdiFEe] RE ST 7Fs o] EAtE AR
2 (D] A <=(Industry profitability)9] F787= 5% oA el HH
o] gho] B k. 7173 9AR2] o] 2 Adgo] ¥ ARdellA sl a2
ojuRlt}. "R R, & W40 A= P-F AAUE SEHFE 83 Y (3)°1A]
T oA Q1 RS gho] TEH. ol= Ak Adgol B2 7199] g AhelAl ol
FozH ol52] BIeHS Alesly] ffet 2z SiAE = o, e i) At

LapgERITh AF Avgo] ofFe AJRolA 115582 S5 AUAY=S ottt
< PO B Pels AHA R BEER] B2 AR 7149 917
(Volatility)2] F8AkFr= 23 Q)M F22Q1 ()9 gro= WaHt of= fidol
ot ] AFEE distr] Golet 7192 S AhofA oldst:

al
e}, ek, 558, 53] A= A o2 F= o] AU o] W

N

8) & A9l EAHEE(1,9177) F P-F nA| FE 3472 Yepdr}. o= 3&5HRI olF
H0] grol 0o] TshA ol ¥l wE(zero-inflated) #4149 @77 44T 7+
573 At olHst EAEES AR Yol XFUollA King and Zeng(2001)011A4]
AIRKeE rare events logit analysis& AARE 23}, A= B Al fARE 23t
=] FdE 1T 4= IStk
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(Table 5) Determinants of Nepotism

Model(1) | Model@ | Model(3 | Modeld) | Model()

Va,\r/llizss/ Dependent variable (t)
P-F turnover| P-F CS P-F child | P-F others |F-P turnover
Intercept -4.8167% | -4.3738™* | -5.9623™* | -7.2435"* | -6.6172%*
[-5.58] [-3.48] [-5.51] [-19.43] [-8.22]
2.3262** . . e .032 -1.
Profiabily (-1 | )% Ten | oo o | tis
Industry 4.4160** 3.3487 8.8951*** -0.8608 2.2715
profitability (t-1) [2.10] [1.39] [2.68] [-0.19] [1.19]
vowaiy 0| 5| Tt | T | Cods | ioos)
Direct ownership | 0.8200™** 0.9685** 0.4351 0.6039 0.8384™**
(t-1) [2.60] [2.40] [0.92] [1.31] (3.12]
Disparity (t-1) 0.4052 0.3780 0.1224 0.6755 0.7336*
[1.28] [0.91] [0.29] [1.32] [2.65]
Accruals (t-1) -1.0442* -1.6532** 0.9122 -1.7256 -0.2782
[-1.67] [-2.23] [1.06] [-1.30] [-0.51]
Size (t-1) -0.1091*** | -0.1396*** | -0.1189** 0.0342 0.0167
[-3.05] [-2.61] [-2.306] [0.63] [0.51]
Leverage (t-1) 0.6430™* 0.4837 0.7539* 0.7179 0.0190
[2.38] [1.42] [1.69] [1.55] [0.08]
Age (-1) 0.1580* 0.0677 0.2977 0.1072 0.1387
[1.75] [0.62] [1.63] [0.66] [1.64]
Cash (t-1) -0.1665 -0.8211 0.8517 -0.8332 -0.2027
[-0.19] [-0.85] [0.65] [-0.406] [-0.24]
L -0.2316* -0.1877* -0.1084 -0.4837 -0.3051**
Tobin's QW | (93] | p174l | F045) | E139) | L211)
Industry effect Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes
N 1,760 1,760 1,760 1,760 1,760
Pseudo R* 0.108 0.172 0.188 0.216 0.102

Note: This table shows the regression results for the determinants of nepotism using probit
model. The definition of variables is in (Table 2). To minimize the influence of
outliers, all variables are winsorized at level 1% and 99%. The numbers in the square
brackets are z-statistics computed by clustered standard error at the firm level. ***, **,
and * denote significance at the 1%, 5%, and 10% level, respectively. Industry effect
and Year effect denote industry dummy variables and year dummy variables.
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AfE HeR AuiESE A7) A3 AR (Direct ownership)2| F#4A15== P-F 1
AE SHUeE D83 1Y ()M 7491 HHQ ghe 2= Ao vehd). o,
#g Bk AT ERlo CEO7F wAIE A-H%2F (2)°l =3sto] =L ¢l
on, A=Y (3)2} 7|et IZ(2F (4) 08 wAH o= TR g Q). o]

L @2t 4G Ao ofdo] WAgstElekE AHFR: elo] 4 UAle] Heofs
£ 49 AYAGE Jotshe T 7Ihg Julatet. e, 1580 9o o]

St G} 7|HEA] kS AARRITE AIGARE B3t 7] AR (Disparity)?] F84E
P-F 24| f3E0l sig=he Z@olA f9o]A] % gho] ERlgtt. 23 5)] F-P o

74 A AR g AR AT BE 59491 K9 gro] BRIt of
£ FE AR F G oldo] WAet] A Al A0 BAIEE PgH o= 8
Bap7] ffsf 23 AR 1K AES 2 FHE EolT U Yneltt. ole A&
YA XYOoR <lsf AH4l9] JFeo] 3XE 7S TAAE BHO= ofsHr).
ohek, F 7H] ARtR W BT R02Q] Qi) #h 7HIER, o3t ot A9l
B s B2R1A|, AHo]lg A8 BRI HEsA THEA = o=

23 (1olA dejdEA9] thex]Ql 012G (Accruals)?] S84 E 10% F2=olA]
YT ()9 gk Zh= 2 0= vEhdtt. o] 2|3t A3k= P-F ERIS S&WsE &83t

F (oA fagt AoR ) o tElEAl] gt #&-5 o Al
£elo] A3 A Gl Folslr|Hrk= AAH o R oj2jgt EAIZE 34] ke 719] tisf

ofE} 7= W B Qo) 28 BHel AEE8o] $o12 Hjolalo] gong 1
3 ()T )2 B0 et wg 3] 7IATR(Size)d] FHASE FIF 20)
o gk, A& (Leverage)?] 2HASE FI5t )] go] B} of= Ahizol
A o)do] 77 437w 7|90t HAS F3t AEgo] wlNg 7|golA Bag
9 olujgit}. P-F e} 158 Sl T84 wE (9] A9 ofe} 7|9E4 W
BERERNE-SEE-NER T

mln
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TEHATE 7147H]9] &A1 Tobin's Q9] CEO A 0]F-9] gh& &-83Ith. 8
SYHLRE (1) P-F 2A|(P-F turnover), (2) P-F ERI(AJEiS5:, P-F C9), (3) P-F &
(P-F child), (4) P-F 7]€} Z1=(P-F others), (5) F-P ZA|(F-P turnover)= -85},
ole] o] A= WA 1A F el 7197HA] 7 Aol & omgit). & A=
OLS(Ordinary Least Squares) 282 &3t 3|E4S AASItt 9H4 Probit 2@}
Lot 719459 clustered standard errorg &9l A F-244S HISo0M, 7[Et
71954 Hg= 17] o] AE EERIth o 4 (22 IE5-89] 7197H B4
< £A4517] 9t 2= UERdt.

Tobin's Q=0+ Br*P-F turnovery+ Bo*P-F CSy+ Bs*P-F childy+ BrP-I othersy
+ G5+ =P turnovery+ ByxSize;-1+ BrLeverage;-1+ BexFrofitabilityy-;
+ BorAge-1* Bro*Cashy-1+ B *Dividendy-1+ Brzlnvestment-;

+Big*Direct ownershipy-i+ A+ 1+ &y 2
714, i= 714, j= A, t= IAAEE 9ugitt

(Table )= 4] (2)9] F72IE AR 2 (1)9] P-F 249 F47+= 5% <
oA FAR] ()] ghor wEHE. ols A4t AYd Ae=e] o]ido] CEO
WA BE/de ARRIC =N 7|7 FZR] At 7S Sfuldith o= oAl
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(Table 3)°] 23} QS XY (2)9] P-F 2119 F47AE Fel&olA] &2
Hhd, 2 (3)3%F (4)2] P-F 2Ah2} P-F 718} J=0] 378 Ak= 24 5% ollA 7914
1 2(-)9] go] Yepdt. ol 9l 29 (1] 237H F&2 ofg 79, &, 155800 9
3 =S e AT, 7HE 28 AAshe Adfolnt. IE-5-80] YA Ae] H|

A2dS o1 Aolhs 42 SRk, (Table 3)9] Aol Ywjolct.9)

(Table 6) Firm Value Relevance of Nepotism

VerEes) Model(1) | Model(2) | Model@) | Model4) | Model(5) | Model(6)
Model Dependent variable=Tobin's Q (t)
Intercept 0.5427* | 0.5336* | 0.5389* | 0.5245* | 0.5382* | 0.5264*
[1.87] [1.83] [1.85] [1.80] [1.85] [1.81]
-0.0928**
P-F turnover (t) [£2.31]
-0.0468 -0.0513
P-FCS -0.77] [-0.84]
, -0.1071*" -0.1122"
P-F child ® [-1.97] [-2.06]
-0.1869** [ -0.1912***
P-F others (0 [3.35 | [-3.42]
-0.0482
F-P turnover () -0.93]
Size (1) 00133 | 00142 | 00139 | 0.0147 | 0.0136 | 0.0146
[1.04] [1.11] [1.09] [1.15] [1.006] [1.15]
Leverage (1) | 0-3983™ | 0.3949" [ 0.3958"* | 0.3966™* | 0.3993*** | 0.3939"*
[3.27] [3.24] [3.24] [3.25] (3.27] (3.23]
Profitability (1) | 02273 | 02488 | -02427 | -0.2551 | -0.2310 | -0.259%
[-0.65] [-0.71] [-0.69] [-0.72] [-0.65] [-0.74]
Age (1) -0.0471 | -0.0486 | -0.0480 | -0.0485 | -0.0470 | -0.0483
[-1.221 | [-1.26] | [-1.24] | [-1.25] | [1.211 | [-1.25]
Cash (1) 1.1782" | 1.1839" | 1.1875"* | 1.1837*** | 1.1794™" | 1.1864™*
[3.04] [3.05] [3.07] (3.00] (3.04] (3.07]
Dividend () | 11161 [T11041%% | 111170 | 11.1106"* | 11.1644™ | 11.0799"
[4.75] [4.74] [4.72] [4.75] [4.75] [4.73]
Ivestment (1) | 02281 | 0.2352 | 02408 [ 02207 | 02217 | 02332
[0.84] [0.86] [0.88] [0.81] [0.81] [0.85]

9) 3HH, A £S89 AHQRIIA Tobin's Q& FHQ] FFHS Holx| gkt Ut
Hhd, XI%58 olF Tobin's Q7F oAz WA BEHEtE A2 o9 39d Y
ol% vlaE#Ql gl tigt = A 77 FREEAL 22 AARITE HEef, o
R0 2 Tobin's Q7F W2 20 Sl 710l A(E= 718 K0l 582 74l
7123 99l A FH 7hsAdel A ¥ 2uidith




Volatility (t-1) 2.9489** | 2.9574** | 2,9433%* | 2,9421** | 2.9374*** | 2,9548***
[5.18] [5.21] [5.20] (5.20] [5.18] [5.21]
Direct ownership | -0.1842* | -0.1880** | -0.1883™* | -0.1884™ | -0.1847* | -0.1876**
(t-1) [-1.93] [-1.97] [-1.98] [-1.98] [-1.94] [-1.97]
Industry effect Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes
N 1,722 1,722 1,722 1,722 1,722 1,722
R’ 0.295 0.294 0.294 0.294 0.295 0.294

Note: This table shows the regression results for the effect of nepotism on firm value using
the OLS model. The definition of variables is in {Table 2). To minimize the influence
of outliers, all variables are winsorized at level 1% and 99%. The numbers in the square
brackets are z-statistics computed by clustered standard error at the firm level. ***, **,
and * denote significance at the 1%, 5%, and 10% level, respectively. Industry effect
and Year effect denote industry dummy variables and year dummy variables.

23 (4= P-F wAo] g3l Al 74| CEO 24| /32 A3E FAlo =gt 4
A, A= 9 2 (2), 3). (D2 fAtst A7t ERlE| T et 2F (5)9] F-P i
A9] FA4AGE G2lHo]A] ekt M4 (Table 3)0lA BQlE= Hle} o] F-P w47} &
Aotelete. AT M5 2 BAIES P whEo] Al BPRe] BJAE
7go] Alokd 7Fs/ge] &t o] ol FAAE ] 7ol 34] R A0 R 2 4
2lolH, FI55-80= Qg ARA] A} JA| B 0w TIEH, ol g A
A 71572 F Belrt Al D7) AFo]o] o] o8- TRs/do] 22 ARt
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Abstract

This study investigates the determinants of nepotism by a controlling
shareholder and its effect on firm value, using firms listed in Korea Exchange.
After dividing a type of CEO into controlling shareholders, their children, and
other relatives, we find the likelihood that controlling shareholders’ children is
appointed as a CEO significantly increases in firms with high profitability,
good industry outlook, and low risks. We also show that when children or
other relative is appointed as a CEO, the firm value is significantly lower.
These results are consistent with Perez-Gonzalez (2006) that nepotism can
hurt minority shareholders’ wealth by restricting the efficiency of the
managerial labor market. This study has the academic implication for
presenting empirical evidence that controlling shareholders’ intention to
succeed the management rights of profitable firms to their children can

aggravate the firm value.

% Key words: Family management, Nepotism, CEO turnover, Managerial

labor market, Firm value
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l. Introduction

Since the inception of the crypto currencies including the Bitcoin, they have
gained growing attention from media, academics and finance industry and in
recent years the global interest in Bitcoin and the crypto currencies has spiked
dramatically. Catania and Grassi (2017) presents that the reasons for the great
interests in the crypto currencies are that some central banks are exploring
the use of the crypto currencies and a big number of companies and banks
created the Enterprise Ethereum Alliance to use the crypto currencies and the
related technology called “Block chain”. All this interest has been reflected on
the crypto currency market capitalization exploding from 19 billions in
February 2017 to 142 billions in August 2017. ElBahrawy er a/ (2017) provides
the comprehensive analysis of the crypto currencies considering various issues
such as market shares and turnovers. Hence, it is time to investigate in deep
this new market that is becoming an important piece of financial technology.

The crypto currencies including Bitcoin, Ethereum and Ripple are a kind of
digital decentralized currency in the sense that it is not created by any central
authority and may be immune to any central bank’s interferences and that it
uses cryptography to regulate the creation and transactions of the exchange
unit. The crypto currency market is the retail focused and highly speculative
market that leaks a legal and regulatory framework compared to other
financial asset markets like stock markets and FX markets (Shaw, 2017). At
present, it is estimated that the transaction volume in the crypto currency
market exceeds 100 million USD per day, and the number of hedge funds that
trade the crypto currencies has recently reached almost 100 for the first time,
of which more than three-quarters were launched in 2017.

Even though there has recently been the exponential growth of the crypto
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currency market, the market is rather young and therefore still mostly
unexplored in many issues. The key issue to be analyzed is the dynamic price
behavior of the crypto currencies in order to gauge the risks related to
investment in crypto currencies (Caporale et al, 2017). As pointed out by Baek
and Elbeck (2015), the crypto currencies including Bitcoin are mostly used for
speculative purposes causing extreme volatility and bubbles so that they have
experienced numerous episodes of extreme volatility and apparent
discontinuities in the price process. Dwyer (2014) and Carrick (2016) present
that the crypto currency market is more volatile than other financial markets.
One reason is that the absence of solid history and exhaustive legal
framework make the crypto currencies very speculative investments. Since
they do not rely on the stabilizing policy of a central bank, their reactions to
new information, whether fundamental or speculative, result in high and
persistent volatilities relative to traditional currencies. Another reason is that
the relative illiquidity of the crypto currency market with no official market
maker makes it fundamentally fragile to large trading volumes and to market
imperfections, and thus more prone to large changes or jumps than other
types of traded financial assets such as stocks, commodities and foreign
exchange rates (Scaillet et a/, 2017). Thus, the persistent volatility and the
jumps appear to be key features of the price process of the crypto currencies.
The specification of the jumps and the persistent volatility in the crypto
currencies appear to be quite complex because they show extreme
observations, asymmetries and nonlinear characteristics. In particular, the
papers of Bouri et a/. (2016), Bariviera er al (2017) and Caporale et al. (2017)
find the persistent long memory property in Bitcoin and other crypto
currencies. But, the literature on the persistent long memory volatility

modelling of the crypto currency is very rarel) even though there is a wide
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literature on econometric techniques which have used the analysis of the long
memory volatility in many financial data. Also, some papers like Gronwald
(2015) and Scaillet er al. (2017) present strong evidence of the jumps behavior
and apparent discontinuities in the price process of the crypto currencies
including Bitcoin together with the extreme volatility. Scaillet er al (2017)
analyzes the Bitcoin prices by using high frequency transaction level data and
assert that the jumps are the essential component of the dynamics of the
Bitcoin prices and the jumps cluster in time. They explain that order flow
imbalance, illiquidity and the dominant effect of aggressive traders are
significant factors driving the occurrence of the jumps.

The main concern of this paper is to analyze the dynamic price behavior of
crypto currencies focusing on the jumps and the long memory volatility by
using the daily prices of the three main crypto currencies, Bitcoin, Ethereum
and Ripple. Thus, this paper first uses the FIGARCH model with the normality
assumption to examine the behavior of long memory volatility process since
the FIGARCH model has been considered to be quite useful to represent the
autocorrelations of the squared returns of most financial asset prices, which
decay at very slow hyperbolic rate (Baillie er al, 1996). In particular, the
attraction of the FIGARCH model is that it is very changeable to represent
middle ranges of persistence. However, the simple FIGARCH model with the
assumption of a symmetric normal distribution is unlikely to represent the
asymmetric jump process of the daily returns of the crypto currencies because
the long memory volatility cannot be specified exactly without the jump
specification.

For the reason, it seems to be very appropriate to use the jump diffusion

1) Chou et al (2017) and Shaw (2017) provided the GARCH model in order to
investigate the volatility process of crypto currencies.
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model of Press (1967) to represent the daily returns of the three crypto
currencies and properly account for the jumps. Since the jumps and the long
memory volatility contain different statistical and economic motivations, this
paper invokes the FIGARCH model with Bernoulli jump process that consider
the two features simultaneously. Thus, this paper shows the combined model
performs quite well and improves the estimates of the long memory volatility
parameters because the misspecification without considering the jumps may
provide distorted the long memory volatility parameters.

There are two contributions of this paper. First, this paper can provide the
more appropriate specification model for the volatility process of the crypto
currencies by examining the behavior of long memory volatility using the
FIGARCH model with the normality assumption. And, the second contribution
of this paper is to detect the presence of the jumps in the crypto currency
market and explain the dynamics of the jumps with the long memory volatility.
Thus, the jumps have significant impacts on the crypto currencies and induce
a persistent volatility in the prices. The results imply that using simple
FIGARCH model may vyield incorrect long memory volatility process of the
crypto currencies without considering the jumps and result in ineffective risk
management and portfolio optimization in the markets. Since modeling
volatility is crucial for risk management, the results of this paper can be very
useful to investors when accounting for future volatility and implementing
hedging strategies. Thus, this paper provides important implications in the
aspects of risk management and investment purpose for choosing a reliable
model forecasting the risk in such an investment as this market attracts
increasing attraction from regulators and investors.

The organization of this paper follows: Section II describes the key aspects

and the basic descriptive statistics for the daily prices of the three major
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crypto currencies, Bitcoin, Ethereum and Ripple in terms of the USD. Section
III presents the basic analysis of the daily returns series of the crypto currency
prices. The FIGARCH model of Baillie et al. (1996) is discussed for the analysis
of the daily returns. Section IV then describes the FIGARCH model combined
with Bernoulli jump process to represent the jumps, the high excess kurtosis
and the long memory volatility in the daily returns. Finally, section V provides

a conclusion briefly.

Il. Basic Descriptive Statistics of Daily Crypto
Currency Prices

Even though hundreds of other crypto currencies have been created since
the Bitcoin was introduced in 2009, some of them do not represent serious
attempts at establishing a foothold in the market and others are quite young
with just a few useful observations due to quite low trading volume before
2017. However, since 2017 many central banks have explored the use of the
crypto currencies and a big number of companies and banks have created the
Enterprise Ethereum Alliance to use of the crypto currencies by the related
technology of blockchain so that the trading volumes and activities in the
crypto currency markets became increased quite significantly (Catania and
Grassi, 2017). In particular, the market capitalizations increased from
approximately 18 billion US Dollar at the beginning of 2017 to nearly 600
billion at the end of the year and the high returns have attracted more
investors in the markets (Caporale and Zekokh, 2019). Also two big
exchangers, the Chicago Mercantile Exchanges (CME) and the Chicago Board

Options Exchanges (CBOE) started to trade futures on Bitcoin in 2017
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(Caporale and Zekokh, 2019).

For the reason this paper uses the three major crypto currencies, Bitcoin,
Ethereum and Ripple, which have been the highest market capitalizations and
traded in the markets most actively with huge booms and busts since 2017.
Since the crypto currency market is open 24 hours in a day and seven days in
a week, the crypto currency data used in this paper is the daily closing price
which is the latest recorded price in UTC (Coordinated Universal Time) of
three major crypto currencies (Bitcoin, Ethereum, Ripple) in terms of US
Dollar (USD). The daily data of the three major crypto currencies are obtained
from CoinMarketCap (https://coinmarketcap.com/)? and sampled from
January 1, 2017 to May 31, 2019 with 881 observations.

This section describes some specific details of the daily crypto currencies
(Bitcoin, Ethereum and Ripple) and provides basic descriptive statistics for the
daily prices of the crypto currencies. In order to analyze the volatility behaviors
of the crypto currencies, this paper calculates the returns data by using the daily

closing price of the crypto currencies. The daily return at day(t) is defined as;

y, = 100*[In (p,) — In(p, _,)] D

where p: is the daily closing price of the crypto currency

Figures 1(a) through(c) show the movements of the daily returns of the three
crypto currencies. All the daily returns of the three crypto currencies are very
closed to zero but there exist significant volatility clustering over the entire
sample periods. And, the excessive turbulences in the market seem to induce

significant jumps and heavy tailed, undefined variances of unconditional returns

2) The data sets provided by the CoinMarketCap are also used in some previous
studies including Caporale et al (2017), Caporale and Plastun (2017) and
Catania and Grassi (2017) so that the credibility of the data is proved by the
previous studies.
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phenomenon, as in the other financial assets studied by Koedijk et a/. (1990).

(Figure 1) Daily Returns of the Three Crypto Currencies
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The details of the basic statistics for the daily returns of the three crypto

currencies are provided in Table 1. The means of the daily returns are found

to be 0.24, 0.39 and 0.48 for Bitcoin, Ethereum and Ripple respectively, which

are close to zero and indistinguishable at the standard significance level. It is

also noted that the daily returns of the Ripple have the largest maximum and
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the those of the Ethereum have the lowest minimum. And, all the daily returns
are not normally distributed since the skewness (m3) are 0.12, 0.48 and 2.85
and the kurtosis (m4) are 7.37, 6.73 and 34.36 for Bitcoin, Fthereum and
Ripple, which are quite different from the values of the normal distribution
and the values are statistically significant.3)

In particular, the high level of the excess kurtosis statistics implies the
fat-tailed distributions of for the daily returns of the three crypto currencies and
may be closely related to the jumps caused in the crypto currency market due to
several factors. For example, one factor is that the absence of solid history and
exhaustive legal framework make the crypto currencies very speculative
investments and react sensitively to new information, whether fundamental or
speculative. And, the other factor is the relative illiquidity of the crypto
currency market with no official market maker makes it fundamentally fragile to
market imperfections (Scaillet er al, 2017). Thus, the crypto currency market
may be prone to experience the jumps in the price process.

The Ljung-Box test statistics, Q(20) which is for the test of the serial
correlations generally can not accept the hypothesis that there exit serial
correlations in the level returns of the daily returns at the standard
significance levels so that the daily returns do not include any serial
correlations in the mean process. But, another test statistics, Q20) from the
squared returns are 130.52, 123.91 and 156.22 for Bitcoin, Ethereum and
Ripple respectively, which are also statistically significant, and they indicate
that there exist very persistent autocorrelations in the volatility process with
the strong ARCH effects. The serial correlation appears to be the most

significant in the daily returns of the Ripple prices.

3) Jarque and Bera (1987) shows that the standard errors of the sample skewness

and the sample kurtosis in normal distributions are (6/T)"?and(24/T)".
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(Table 1) Descriptive Statistics of the Daily Returns of the Crypto Currencies

Bitcoin Ethereum Ripple
Maximum 22.519 29.013 102.736
Minimum -24.753 -31.547 -61.627

Mean 0.244 0.397 0.481
Variance 19.581 37.523 74.690

m3 0.128 0.484 2.851
mé 7.378 6.730 34.369
QQ0) 31.057 31.705 51.900
Q*(20) 130.521 123.910 156.226

Note: The Ljung-Box test statistics, Q(20) and Q*20) are calculated at 20 degrees of freedom
for serial correlation in the daily returns and squared daily returns. m3 and m4 are the
values of the sample skewness and kurtosis.

Figures 2(a) through (c) present the autocorrelation function of the returns,
squared returns and absolute returns of the daily prices of the crypto
currencies. The autocorrelations in the returns of all the crypto currencies
appear to be small and insignificant at standard levels. On the other hand, the
autocorrelations of the squared returns and the absolute returns of the crypto
currencies are found to decay quite slowly and persistently representing the
typical long memory volatility feature as presented in Baillie (1996).

The long memory volatility features of the daily returns of the crypto
currencies are found to be quite apparent in the autocorrelations of the
squared and absolute returns and are the most significant in the
autocorrelation functions of the absolute returns as in many financial time
series assets (Granger and Ding, 1996). And, the returns of the Ripple prices
show that the degree of the long memory volatility is the most significant.
These findings of the correlograms appear to be quite consistent with the
basic descriptive statistics in Table 1 for the daily returns of the three crypto

currencies.
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(Figure 2) Correlograms of Daily returns of three crypto currencies
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Ill. Long Memory Volatility in Daily Crypto Currency Prices

This section describes the long memory volatility of the daily returns series
of the three crypto currencies. The long memory volatility process has become
the well documented feature of many financial assets such as stock prices and
exchange rates (Baillie, 1996). Many long memory volatility models have been
used to specify the long memory volatility process of the financial time series
data. Among them, some methodologies are to incorporate this feature in
dynamic models; fractional integration model (Baillie et al, 1996), stochastic
volatility model (Breidt et a/, 1998), multi components model (Andersen et al,
2006), and heterogeneous autoregressive model (Corsi, 2009).

However, not many studies have focused on the long memory volatility in
the crypto currency market. Some exceptions are the papers of Bouri et al.
(2016) and Catania and Grassi (2017) which find the long memory property in
the crypto currency prices. While Bouri et a/ (2016) detects the long memory
volatility from the Bitcoin prices, Catania and Grassi (2017) and Caporale et al.
(2017) find statistical evidence of the long memory volatility process in the
four different crypto currencies (Bitcoin, Ethereum, Ripple and Litecoin) and
argue that the long memory property has a substantial contribution in the
volatility dynamics of the crypto currency prices.

This paper also investigates the characteristics of the long memory volatility
process in the daily returns of the three crypto currencies (Bitcoin, Ethereum
and Ripple) by applying the FIGARCH process of Baillie et a/ (1996). The
following model consistent with the basic stylized properties presented in

Section II is the ARMA(m, 7)-FIGARCH(p, d, @) model,

Y :M+1/J(L)yt71+9([/)€t (2)
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€, = 2,0, €))
[1-B(L)o} =w+1—6(L)—¢(L)1— L)€ @)

where vy, is the daily returns, z follows 1.i.d.N(0,1), # and @ are constants, ¥
D), 8L, B and ¢(1) are polynomials in the lag operator, and d is the long
memory parameter.

The FIGARCH process is quite general since it can represent the
autocorrelations of squared returns which decay at very slow hyperbolic rate
as presented in Baillie (1996). When d = 0 and p = q = 1, equation (4
represents the standard GARCH (1,1) model; and when d = p = q = 1, equation
(4) can be the Integrated GARCH, or IGARCH (1,1) model showing the
complete persistence of the conditional variance to a shock in squared
returns. The FIGARCH process shows the impulse response weights, ¢%=w/(1-
B)+A(L)e%, where for large lag k, A« = k%!, which represent the long memory
property or 'Hurst effect' of the very slow and hyperbolic decay. The
hyperbolic decay is consistent with o = cik®" as & gets large, where ¢ is a
scalar and d is the long memory parameter. This kind of persistence appears
to be very slow and such slow and hyperbolic decay is also known as the
“Hurst phenomenon.” The Hurst coefficient is, /= &0.5. If d=1 and H= 1.5,
the autocorrelation function does not decay so that the series shows a unit
root property. If d = 0 and A = 0.5, the autocorrelation function decays
exponentially and the series shows a stationary property. But for 0 ( & {1 and
0.5 ¢ H<{ 1.5, the series presents quite slow and hyperbolic rate of decay in the
autocorrelations. The strong advantage of the FIGARCH process is that for 0 €
d <1, it is very changeable enough to represent middle ranges of persistence.

The equations (2) through (4) are estimated based on the non-linear

optimization procedures by maximizing the Gaussian log likelihood function:
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In(2;0)=— (T)ln (2m) — Z In(o})+ elo; ?] 5)

2

where 0 is a vector of the unknown parameters.

But, it has been presented that most asset returns may not be represented
well by the assumption of normal distribution of z in equation (3). Thus, the
inference is calculated by using the QMLE of Bollerslev and Wooldridge (1992),
which is still valid even though z is not Gaussian. It should be noted that the

vector of parameter estimates on the ARMA-FIGARCH model from maximizing
equation (5) using a sample of T observations with non-normal z by éT, the
limiting distribution of éT is
1
T°(0,~0,)—NI0, 4(8,) ' B(6,)A(6,) ] ©)

where A() and B() represent the Hessian and outer product gradient

respectively, and denotes the vector of true parameter values.

Equation (6) is applied to find the values of the robust standard errors in the
subsequent results of this paper by evaluating the Hessian and outer product
gradient matrices at the point for practical implementation.

The most appropriate ARMA and FIGARCH model is selected for the
autocorrelation structure of the daily returns data. In particular, this paper

uses the standard portmanteau test statistic,

m

Q(m)= T(T+2) Y3/ (T—j) (7)

j=1

where 77 is the 7 'th order sample autocorrelation from the residuals.
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The portmanteau test statistic uses similar degrees of freedom adjustments
in the squared standardized residuals when they test for omitted conditional
heteroscedasticity and ARCH effects. This adjustment is based on the
suggestions by Diebold (1988). And, the values of the sample skewness and
kurtosis calculated from the standardized residuals (m3; and m,) are also taken
accounted. The best parametric specification of the model, which can
represent the degree of autocorrelation in the mean process and variance
process of the daily returns are found to be the Martingale-FIGARCH(1, d, 1)
model for the daily returns of the three crypto currencies.

Table 2 shows the results of the FIGARCH model estimation for the daily
returns of the three crypto currencies, which represents the long memory
volatility property. The estimation result of the FIGARCH model shows that the
long memory volatility parameters (d) are found to be 0.37, 0.26 and 0.54 for
the daily returns of the Bitcoin, Ethereum and Ripple prices. The values are all
statistically significant at the standard significance level and show that the
degree of the long memory in the volatility process of the daily returns are
quite different across crypto currencies. These estimation results are quite
consistent with Figure 2 in the fact that the autocorrelations are apparently
decaying very slowly at the hyperbolic rate in the squared and the absolute
returns of the three crypto currencies. Thus, the long memory volatility can be
considered as one of important inherent features in the daily returns of the
crypto currencies. These findings are in line with the paper of Caporale er al.
(2017) which find the evidence of the strong persistence in the crypto
currencies.

The modified Ljung-Box test statistics are estimated by using the
standardized residuals and presented by the values of the Q(20) and the Q*(20).
The statistics show that the FIGARCH model applied for the daily returns
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appears to be quite good in capturing the autocorrelations in the mean
process and the variance process of the daily return series. Also, the two
statistics provide evidence that there is no additional autocorrelation in the
standardized residuals or squared standardized residuals. Some additional
diagnostic portmanteau tests on the standardized residuals and squared
standardized residuals also did not detect any need to further complicate the
model so that the selected model specification seems to be the best fit. Thus,
the FIGARCH model appears to represent the long memory volatility property
quite well in the daily returns of the crypto currencies and the FIGARCH model
under the Gaussian normality assumption generally seems to be appropriate in
matching the dynamics of the daily returns of the crypto currencies. Thus, the
FIGARCH model with the normality assumption can be considered as a good
starting point to study the long memory feature in the crypto currency prices.
However, the estimated kurtosis from the FIGARCH model are found to be
7.75, 6.08 and 19.78 for the daily returns of Bitcoin, Ethereum and Ripple
crypto currencies leading to the significant excess kurtosis in the daily returns
of the crypto currencies even though the long memory volatility is accounted
for by the FIGARCH model. The excess kurtosis may be related to the jumps in
the daily returns of the crypto currencies, which are caused by order flow
imbalance, illiquidity and the dominant effect of aggressive traders. Since
these jumps can cause the “outliers” in the mean and the volatility process, the
simple normal distribution model may not take account for the jumps
appropriately (Hotta and Tsay, 1998). Thus, the simple FIGARCH model with
the Gaussian normal distribution may not be appropriate to represent the
jumps and the long memory volatility together in the daily returns of the

crypto currencies.
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(Table 2) Estimated Martingale—-FIGARCH(1,d,1) Model for the Daily Returns of
Three Crypto Currencies

Bitcoin Ethereum Ripple
; 0.2288" 0.1344 -0.3395
0.1219) 0.1617) 0.1766)
d 0.3763 0.2691" 0.5411"
(0.2144) (0.0761) (0.1097)
0 0.0524 0.1546 0.2404
(0.8445) (0.1342) (0.2453)
) 0.5558" 0.9821™ 0.9769™
0.1521) (0.0181) (0.0222)
0 0.3167" 0.9676" 0.9918™
0.1117) (0.0300) (0.0199)
In(L) -2487.970 -2783.627 -2872.296
m3 0.055 -0.013 1.391
mé 7.759 6.085 19.782
QQ0) 24.739 22.595 26.977
Q*0) 13.710 9.954 29.127

Notes: 1) QMLE asymptotic standard errors are in parentheses below corresponding parameter
estimates. The quantity In(L) is the value of the maximized log likelihood. m3 and
mé represent the sample skewness and kurtosis of the standardized residuals. Q(20)
and Q*20) statistics are the Ljung-Box test statistics for 20 degrees of freedom to
test for serial correlation in the standardized residuals and the squared standardized

residuals.

2) the asterisks(*,**,***) denote significance at 10%, 5% and 1% level respectively.

IV. Bernoulli Jumps and Long Memory Volatility in

Daily Crypto Currency Prices

The simple FIGARCH model in Section III appears to be useful in describing

the long memory volatility process but it seems to be inappropriate to explain

the jumps as the cause of the long memory property. Recently, many studies

have been more focus on explaining the underlying causes or sources for the

long memory volatility process of financial assets. Some papers have provided

possible sources of the long memory volatility process by using nonlinear

volatility models including structural breaks (Granger and Hyung, 2004; Starcia
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and Granger, 2004; Choi and Zivot, 2007; Kwon, 2010; Han, 2011) or jumps
(Beine and Laurent, 2003; Han, 2007 and 2011). They have suggested that the
observed long memory volatility process may be caused by the structural
breaks or the jumps. Even though the jump is closely related to the structural
breaks, the main differences between the jumps and the structural breaks are
that the jumps in volatility create fat-tailness and high excess kurtosis in the
price process and that the jumps are more drastic but short lived relative to
the structural breaks.

While some studies have analysed the long memory property in crypto
currency prices by adopting the form of switching regimes or structural breaks
(Bariviera, 2017; Caporale et al, 2018; Yonghong et al, 2018; Mensi et al,
2019), other papers have presented the importance of jumps in the price
process of the crypto currencies. Gronwald (2015) empirically analyzes the
Bitcoin prices by using autoregressive jump intensity GARCH model and finds
strong evidence of jump behavior. And, Scaillet er al (2017) recently finds that
the jumps are frequent and they cluster in time in the price process of Bitcoin
market indicating that the jumps are an essential component of the price
process of the Bitcoin and they show that the jumps can be driven by order
flow imbalance, illiquidity and the dominant effect of aggressive traders and
they have short term positive impacts on market activity inducing a persistent
change in the price process. Thus, analyzing the properties of the jumps could
be important due to the consequences in applications of derivatives pricing
and risk managements in the crypto currency market.

This section considers the specification of the jumps and the long memory

volatility in price process of the daily crypto currencies.4) For the purpose, this

4) Andersen er al (2002) specified the model of exchange rate dynamics by
allowing for the possibility of jumps and demonstrated that the volatility
estimation can be better by including jumps. Beine and Laurent (2003) and
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paper adopts the jump diffusion process of Press (1967) to consider the jumps
in the daily returns of the three crypto currencies. In particular, this paper
uses a Bernoulli distribution to specify the stochastic jumps in the price
process of the daily crypto currency returns series. Even though stochastic
jumps have been modelled by using the Poisson distribution, the Bernoulli
jump process can be practically much easier and more convenient in
specifying the jumps caused by new information arrivals than the Poisson
distribution because the Bernoulli process is much simpler in calculation
without requiring the infinite sum and the truncation process required by the
Poisson process. Thus, this study adopts the Bernoulli jump process to specify
the jumps and combines it with FIGARCH model to analyze the impact of the
jumps on the long memory volatility process of the daily crypto currency
returns series.

The key feature of the Bernoulli process is that no information impacts on
the price or one relevant information arrival within a fixed time period (9
happens with probability A which is in the (0,1) interval and can be found by
estimating the parameter (j) in the expression, 4 = [1 + exp()I"". The jump size
is considered as the random variable (v), assuming to fellow NID (v, ¢%. The
same FIGARCH model as in Section III is used for the long memory volatility
process. Because the jumps and the long memory property have quite different
statistical and economic motivations, this paper selects a model specification
which can consider the two features simultaneously.

This paper investigates the daily returns of the crypto currencies (Bitcoin,
Ethereum and Ripple) by employing the Bernoulli jump diffusion process to

consider the jumps and the excess kurtosis, combined with the FIGARCH

Han (2007, 2008) showed that the jumps might increase the volatility and
generate strong long memory volatility of foreign exchange rates.
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model to capture the long memory volatility. By including the jump process,
the influence of the jumps on the FIGARCH specification can be reduced. The

combined Martingale-FIGARCH (1, d, 1) model with Bernoulli jump process is,

Yy, =ptAvte, ®
€ = 2,0, ©)
o =w+por_, +[1—BL—(1—¢L)1— L) (10)

The daily returns are still specified as the same Martingale process with the
jump intensity of A and the jump size of v. The volatility process is the same
FIGARCH(1,d,1) as developed in Section III. The log likelihood function for

the specified model is,

ln(L)——(—)ln(27r)+:11n[((1ht ))*exp(—%)+ (11)
. (et—!-(lf)\)v)2
( ) exp(— 202+ 8) )]
(h2+2)?

The likelihood function for the Normal-Bernoulli jump processes is
basically the same as that presented in Vlaar and Palm (1993) and Baillie and
Han (2001). Asymptotic standard errors are also based on the QMLE of
Bollerslev and Wooldridge (1992) as in Section II1.

The estimated parameters for the daily returns series of the three crypto
currencies are reported in Table 3. The estimated values of the parameters (j)
for the jumps in the daily returns are found to be 1.29, 3.53 and 1.73 and they
are statistically significant. So, the values show that the Bernoulli jump process
can be quite appropriate to specify the mean process of the daily returns. Also,

the findings are quite consistent with the papers of Gronwald (2015) and Scaillet
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et al. (2017) which present strong evidence of jumps behavior and assert that
jumps are the essential component of the dynamics of the crypto currency
prices. In particular, the jumps intensities (1) calculated from the estimated
parameters (j) are 0.21, 0.02 and 0.14 for Bitcoin, Ethereum and Ripple returns
series respectively. By using the total 880 observations of Bitcoin, Ethereum and
Ripple currency, the corresponding implied numbers of the jumps can be about
185, 18 and 123 for the daily returns series of the three crypto currencies. The
Bitcoin appears to contain the most jumps in the price process since it has the
largest trading volume and the most popular and prominent crypto currency
with multi-billion dollar capitalization and the biggest market shares in the
crypto currency market (Catarina and Grassi, 2017).

The estimated values of the parameter (v) that indicate the impacts of the
jumps on the mean process are all positive and statistically significant for the
daily returns of the crypto currencies suggesting the jumps appear to increase
the prices of the crypto currencies on average. Also the values of the
parameter (6% which represent the impacts of the jumps on the volatility
process are also significant at the standard significance level and the values
are found to be much greater than those on the mean process, suggesting that
the effects on the volatility process are more significant.

In particular, the results in Table 3 show that the estimated long memory
parameters (d) of the daily returns are 0.17, 0.08 and 0.05 for the daily returns
of Bitcoin, Ethereum and Ripple respectively and are statistically significant
except Ehtereum. It is interesting to note that the values of the estimated long
memory parameters appear to be decreased significantly compared with the
values estimated from the simple FIGARCH model without the jumps in
Section III. This suggests that the great long memory volatility of the daily

returns may be significantly affected by the jumps and the greater long



130 REEEEE VP -]

memory parameters can be distorted spuriously because the jumps are not
accounted for properly in the price process of the crypto currencies. These
results appear to be understandable when the jumps are entirely considered in
the mixture distribution since the jumps can cause the additional volatility
spuriously. Thus, the higher long memory volatility property seems to be
related to the asymmetric price adjustments to the jumps, which is much more
gradual and persistent than the volatility adjustments and the jumps can be
considered as the possible driving forces of the long memory volatility process
of the daily crypto currencies prices.

The estimation results in Table 3 show that the kurtosis statistics (m4) are
also reduced significantly for the daily returns after the jumps are considered
suggesting that accounting for the non-uniform flows of information can
reduces the excess kurtosis. Thus, the results present that the mixture
distribution generally seems to be better than the simple normal distribution
and quite appropriate to explain the jumps in the price process of the crypto

currencies.>)

5) The data of Bitcoin sampled from April 28, 2013 to May 31, 2019 is also
tested for the analysis of the long memory volatility and the jumps, and the
results are found to be quite similar. But, the trading activities and the price
movements of the Bitcoin in the markets before 2017 are very small and can
not provide any economic significance.
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(Table 3) Estimated Martingale—-FIGARCH(1,d,1) Model with Bernoulli Jump
Process for the Daily Returns of Three Crypto Currencies

Bitcoin Ethereum Ripple
L’ 0.2803** -0.1755 -0.3651%"*
(0.1020) (0.1538) (0.1068)
j 1.2997% 3.5301%* 1.7393+*
(0.3256) (0.42606) 0.2931)
v 0.97814™ 4.0443% 4.5810%*
(0.4950) (0.7853) (2.1002)
8? 42,3355 9.7157*** 178.4927+
(8.0901) (1.2202) (64.9542)
d 0.1700*** 0.0835 0.0547%**
(0.0537) (0.0829) (0.0197)
0 1.9063%+* 1.3809 1.9054*
(0.4089) (1.8031) (1.0332)
8 0.4881%* 0.8043* 0.4836%**
(0.1303) (0.1352) 0.1168)
0 0.394G™** 0.8784* 0.6415**
0.1277) (0.1028) 0.1214)
In(L) -2391.824 -2767.711 -2748.489
m3 -0.254 0.264 0.586
mé 3.329 2.545 5.015
Q0) 30.231 20.803 26.557
Q*(20) 1.970 9.147 10.970

Notes: 1) the same as Table 2 except that a jump intensity of A, where 0{A<1 and A =[1 +
exp()]™!, and is specified by the Bernoulli process. The jump size is given by the
random variable vi, which is assumed to be NID(», §?).

2) the asterisks(*,**,***) denote significance at 10%, 5% and 1% level respectively.

V. Conclusions

This paper considers the intrigue time series properties of three major
crypto currencies, Bitcoin, Ethereum and Ripple focusing on the jumps and
the long memory volatility process of the daily prices. The general results of
this paper present i) that the normality assumption may be inappropriate for
the daily returns data of the crypto currencies mainly due to the existence of

the jumps in the price process, ii) that most of the jumps could be related to
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order flow imbalance, illiquidity and the dominant effect of aggressive traders
in the crypto currency market and iii) that the Martingale-FIGARCH(1,d,1)
model with the Bernoulli jump process can be quite good in explaining the
jumps and the long memory volatility process of the daily returns of the crypto
currencies. In particular, the results present that the long memory volatility
becomes significantly weaker when the jumps are accounted for so that it may
be closely related to the jumps providing statistical evidence that the
specification of the price process without considering the jumps seem to
increase the volatility of the daily returns and may distort the estimates of the
long memory volatility parameters.

This paper seems to be quite useful in increasing our understanding of the
dynamic price behaviors of the crypto currencies and their long memory
volatility property. In particular, the results suggest that such a representation
model is a possible alternative modeling strategy to long memory model with a
normal distribution or to account for the jumps in the dynamics of the crypto
currency. Thus, this paper provides important implications in the aspects of
risk management and investment purpose for choosing a reliable model
forecasting the risk in such an investment as this market attracts increasing
attraction from regulators and investors as the new crypto currency market is

becoming an important piece of financial technology.
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