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(Table 1) Descriptive Statistics

Variable N Mean P50 SD P25 P75
LCe1 348 0.167 0.136 0.088 0.117 0.166
SBWE: 348 0.397 0.000 0.490 0.000 1.000
LOAN_R; 348 0.709 0.754 0.186 0.649 0.825
SIZE: 348 12.915 12.997 1.175 12.114 13.896
WDA_R: 348 0.053 0.035 0.047 0.021 0.074
LRE_R: 348 0.886 0.880 0.381 0.832 0.940
NIM_R; 348 0.017 0.017 0.011 0.012 0.024
ADES; 348 1.058 1.003 0.451 0.857 1.192
OE_R: 348 0.048 0.043 0.022 0.033 0.056

7) BB EBUR(IRE_RO) o (R EACI N F- A AU D2
T+ OIFESH U] 0N F+AE RIS I E R+ X 207 A ool + 4 2 5715
B 2.6~ Felol S ARTA))/ (FhE - 81T o],
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(Figure 1) The Proportion of Loan Portfolio Category

This graph shows the proportion of savings banks' loan portfolio category during June
2008 to June 2016.
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Source: Korea Deposit Insurance Corporation.
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(Table 2) The Effect of Largest Shareholder Type on Loan Concentration

This table presents the relationship between largest shareholder type and loan
concentration. The abbreviations of variables are LC(loan concentration), LSCD(largest
shareholder corporate dummy), LOAN_R(loan ratio), SIZE(firm size), WDA_R(weighted
distressed assets ratio), LRE_R(liquidity risk exposure ratio), NIM_R(net interest margin
ratio), ADES(assets debt expiration structure), OE_R(operating expense ratio),
SBANK_FE(savings banks fixed effects), and YEAR_FE(year fixed effects).

LCre
(1) ©) (3)
-0.012%* -0.010* -0.013**
LSCD: (-2.22) (-1.73) (-2.42)
-0.077% -0.052%* -0.079%
LOAN_R: (-4.76) (:3.18) 4.77)
0.037% 0.038% 0.034%
SIZE: (5.98) 6.41) (5.58)
0.100%* 0.039
WDA_R: (2.20) (0.81)
-0.024*** -0.019***
LRE_R. (-4.24) (-3.13)
1.295% 1177
NIM_R: (6.84) 6.11)
-0.009* -0.009*
ADES: (-1.96) (-1.88)
0.230%* 0.330%* 0.301%*
OF_R: (2.48) (3.76) (3.14)
Constant Yes Yes Yes
SBank_FE Yes Yes Yes
Year_FE Yes Yes Yes
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Observations 1,330 1,330 1,330
R-squared 0.156 0.137 0.164

Notes: 1) ** ** * are 1, 5, 10% statistical significance level, respectively.
2) t-values appear in the brackets.

(Table 3) The Effect of Actual Individual Owner's Working Experience on Loan Concentration

This table presents the relationship between actual individual owner’s working
experience and loan concentration. The abbreviations of variables are LC(loan
concentration), SBWE(savings banks working experience), LOAN_R(loan ratio),
SIZE(firm size), WDA_R(weighted distressed assets ratio), LRE_R(liquidity risk exposure
ratio), NIM_R(net interest margin ratio), ADES(assets debt expiration structure),

OE_R(operating expense ratio), SBANK FE(savings banks fixed effects), and
YEAR_FE(year fixed effects).

LCt+1
(1) 2 (©)
0.070*** 0.075%** 0.073™**
SBWE: (2.64) (2.84) 2.72)
-0.079*** -0.069** -0.068**
LOAN_R: (-2.62) (-2.32) (-2.19
0.007 0.000 0.003
SIZE: (0.66) (0.00) 0.26)
0.174** 0.066
WDAR: (2.50) (0.76)
-0.019*** -0.016**
LRE_R. (-3.19) (-2.12)
0.191 0.007
NIM_R (0.47) (0.02)
-0.001 -0.001
ADES: (-0.18) (-0.16)
-0.071 0.051 0.026
OF_R. (-0.49) (0.34) 0.17)
Constant Yes Yes Yes
SBank FE Yes Yes Yes
Year_FE Yes Yes Yes
Observations 348 348 348
R-squared 0.132 0.143 0.145

Notes: 1) *** ** * gre 1, 5, 10% statistical significance level, respectively.
2) t-values appear in the brackets.
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(09 FAAR T2 Hols Aoz SERIEIT £3 29 (1) % (2) 221 (3)°A A
S2PAAEU(SBWE)= (Table 3)3 AAHA AAAIRAFTELOL} FoHRE K+ A
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(Table 4) The Effect of Actual Individual Owner's Working Experience on Loan
Concentration According to Risk Management Capability

This table presents the effects of actual individual owner's working experience on
loan concentration according to risk management capability. The abbreviations of
variables are LC(loan concentration), SBWE(savings banks working experience),
RMC R(risk management capability), LOAN R(oan ratio), SIZE(firm size),
WDA_R(weighted distressed assets ratio), LRE_R(liquidity risk exposure ratio),
NIM_R(net interest margin ratio), ADES(assets debt expiration structure),
OE_R(operating expense ratio), SBANK FE(savings banks fixed effects), and
YEAR_FE(year fixed effects).

LCe1
) @ 3)
I
wenes | 05 | W [ ¥
ek | oo i) %
L = - -
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0.008 0.005 0.005
SIZE: (0.80) (0.50) (0.45)
0.124* 0.006
WDAR. (1.84) (0.08)
-0.017%** -0.017**
LRE_R. (-2.89) (-2.34)
-0.148 -0.308
NIM_R. (-0.37) (-0.76)
0.004 0.003
ADES, 0.62) (0.48)
-0.136 -0.007 -0.023
OF R, (-0.93) (-0.05) (-0.15)
Constant Yes Yes Yes
SBank FE Yes Yes Yes
Year_FE Yes Yes Yes
Observations 348 348 348
R-squared 0.217 0.232 0.234

Notes: 1) *** ** * are 1, 5, 10% statistical significance level, respectively.
2) t-values appear in the brackets.

BzTle] A4S A5 99 (Table 5)oIAE HEHHLBS AALBE o
84 A8 hEUHIBIS B A%LWe| hanESeoold st 7
2 cj&apso] o AE2qe] hEFNA AHSHe vEE ofnlsict. Bl o
B (Table 5)9) BE Lol ALY/ EHI(SBWE)E THEHHLBT o142
HHY BAYE THom, BY Qo ASSHYAERSBWES ST
(RMC_R)#14:9] ARHSBWEXRMC_R) J0]8t ()] 2974 3k 7Hc. ]
£ 2 qivo) 9 Auel AnE AR HEHIHS FSUSE A48T 9o
B310] 28 BAATP} A Bolr)

(Table 5) Robust Test 1

This table presents the effects of actual individual owner’s working experience on
loan bias. The abbreviations of variables are LB(loan bias), SBWE(savings banks
working experience)) RMC_R(risk management capability), LOAN_R(loan ratio),
SIZE(firm size), WDA_R(weighted distressed assets ratio), LRE_R(liquidity risk
exposure ratio), NIM_R(net interest margin ratio), ADES(assets debt expiration
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structure), OE_R(operating expense ratio), SBANK FE(savings banks fixed effects),
and YEAR_FE(year fixed effects).

LB+
(1) ()
SBWE: (3.46) (3.50)
-0.034***
SBWEXRMC_R; (-4.62)
0.001
RMC_R: (1.44)
-0.075 -0.051
LOAN_R. (-1.45) (-1.01)
-0.006 -0.003
SIZE: (-0.34) (-0.19)
-0.037 -0.121
WDA_R: (-0.25) (~0.86)
-0.033** -0.034***
LRER: (-2.58) (-2.76)
-0.185 -0.622
NIM_R: (-0.26) (-0.89)
-0.005 0.000
ADES: (-0.48) 0.02)
0.131 0.073
OFR. 0.51) 0.28)
Constant Yes Yes
SBank_FE Yes Yes
YEAR_FE Yes Yes
Observations 348 348
R-squared 0.123 0.187

Notes: 1) *** ** * are 1, 5, 10% statistical significance level, respectively.
2) t-values appear in the brackets.

£ I7= 200897E 20169 697HA]S] W7 IAES 240] ARSI olofl (Table 6
o Al R 1573 Bt 5] arefsly] 98 e eyt tial v] g avtE AL
37/ e AABI EAET, AS2FARIER|(SBWE)SF oiIRE=(LO)S] A
£ 2ol 1 (1)2] - A (Table 3)2] 2ot A=A 4522 m|(SBWE) =
TRt HHY AR 2 7HIT 2F QM= AS2BARE(SBWE = A=
(LO2E fromet HHel TAE HERdoH, AS2BAETI(SBWE)2F Had=tstv]
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(Table 6) Robust Test 2

This table presents the effects of actual individual owner’s working experience on loan
concentration using semi-annual fixed effects. The abbreviations of variables are
LC(loan concentration), SBWE(savings banks working experience)) RMC_R(risk
management capability), LOAN R(loan ratio), SIZE(firm size)) WDA_R(weighted
distressed assets ratio), LRE_R(liquidity risk exposure ratio), NIM_R(net interest margin
ratio), ADES(assets debt expiration structure), OE_R(operating expense ratio),
SBANK_FE(savings banks fixed effects)) and Semi_Annual FE(Semi_Annual fixed
effects).

LCus
(1) @
SBWE, 0(3?61;; * 0(3.669;;*
SBWE,xRMC_R, C()22540)
RMC_R. 053
LOAN_R. _<O_ 'g 72% (01022)
SIZE, %92[2 ?694075)
WDA_R, %98753) ?691174)
(R, oo [£37)
NIM_R. (__05,0025(; 5?6.37394)
ADES, (__05,01001) ?69505
oo o
Constant Yes Yes
SBank_FE Yes Yes
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Semi_Annual_FE Yes Yes
Observations 348 348
R-squared 0.157 0.242

Notes: 1) *** ** * are 1, 5, 10% statistical significance level, respectively.
2) t-values appear in the brackets.
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Abstract

This study analyzes the actual individual owner's effect on loan
concentration in corporate-owned savings banks in the case that the owner
has working experiences in controlled savings banks. In addition to the
owner's specific work experience, this paper also considers saving banks’ risk
management capability as an additional point in this causal relation. Besides, this
study confirms the relationship between the largest shareholder type and loan
concentration. The empirical results show that corporate-owned savings banks
have the negative effects on loan concentration. However, this effect could be
reversed if the corporate-owned savings banks’ actual individual owner has
working experience in the controlled savings banks. This study also investigates
that the negative effects could be alleviated when savings banks have superior
risk management capability. The results suggest that the financial supervisory

authorities may need to consider the effects of actual individual owner.

% Key words: Corporate-owned savings banks, Actual individual owner, Controlled

savings banks’ working experience, Loan concentration
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RAA71(Great recession; 2008-2010)2 2.0 FElV}Z0| =i nj=- W A4S
& OECD 9353 2, 20004 ©]% -2yt A
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BA
2 YT UERD o= Re] B A] WAL B AR, Tel3 o] Sst
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rlu
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d £ ZAlsHH 1,500% ¥ ol 7HIRA(20189 & 719),2) & - W] 71%
=] ol whE S 7 5 FEIURRE SR vl oAl it Al e8>
g2 slolg A w2 FE/H g9t FR(0-13 FeAt B4, 2018. 9. 13) H S5

2 ATl Feptag] st 53] Fea Slet A] Fer1Ee) stefol Al

o1 4 Qe GRS Ao Basi FeUEdc] nEd 22 3897 olF 2
o] elxzl 3] Ago] JsHEel wek F47IdhE F YRR BEL 20109

54.1%004 201749 71.2%=2 IA ZVRISHEA=Y EEX1=, 2018. 4. 16). ESH
20189 S671¥SlE 471 SARlolA FEite] ZAIsh= BlSo] (20169 719
25%0] E3Rtol| e E15HaL,3) o] 285 HHANT] 94%7F Faitolehs AR
3 HE QIth4) o]eh R FA7|Y 0] st FHTIE0] thet =2 o= FHAH
S Uit S4719, Yot 921 BA9] FFdS AR o]d] & A7t FEEEY
Z8 3 Housing collateral effect)E 4102 FEIAIR; H50] AEHA o v|A|+= J3F
= ASIIA} Rtk
weolME M9 AdAdE, FEdaiA, 2 S8APdS 542 5= Lim
(2018)9] ATFHEFS T A7gol| SA| Atid 7B A| Mo s HiSt & el 7t
A2 QI FHuju71A 2] sieto] FA7|Y & AABA] v|R= FF= A
1) B7M5S AN le’é—’f—‘a—.“ﬂﬂﬂ = 20109 olF ARl ATk
2) 39 GDP diH] 7HARA Hl& o 97.5%2 60%thel OECD Bakwth 37| Be 4%o]
o, 20174 71 (7HHEAS ol ZHAEAEES 185.88%= OECD M= 5 1918
A3t Bt 9&1’4(‘:}; 29190 =9 THIRAE ojH] 7HARA S-S 148.9%).

3) Ao HISS 38%°I.
4) 2017¢ 7]-r FSAr HI5-2 94%, B4k 0.05%°]t
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Stk 20184 = AAIE dVde® B3PAIY 8 BaE AR|Ho]ld(Calibration)
slo] HIxwE R 4ba, FejuiuizEZEo] 10(200% steeks A9-5 ARt Fe=854
= F7A] FURtet. oA FEu71A sl S4v]de] HREUE SRS A4
A1 ofs F47199] HABAFEES sicte] Bitell ergdke mIXIth FEviuzHA
o] Wixui= ] 10(200% sheel w2k Fd 71970 4719 IARREUTS
1.48(4.13)% Sl=RIt. ol FEHiHi7 4 di2fes HHuUlE olgo] Hasial FHEE
Z °ol&2 S7ISK=t oA gL Aoz Qls] HHUEC] At vhE FHEIEC] ST
(6.10(12.20)% S7D3HA F3P7] dhzelet. 58 71971e] 4719 AREFAFo] sf=
ghof| whet AT HIXorL TiH] 0.89(3.13)% Siieict. 754 71471e] 4719 AR
FUFE 8.11(35.92)% S7FkL AHAEE 9.28(37.79% S7FIA[RE, 11 $7180] 75
& 7|4719) ARl B AR o] njAR] Zate] 4| FaE AAlS] AR
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52 BT AP &%) AdFsiEke op IRt I A, g|Y ik &%,
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1. 2

ofelol At 2] 8 F4R49 7P, 719, FEAVY, FEAPI] chel Ani %, 7}
A 8 71910] HH )3 B4 Aehar Steady state equilibrium)el thel i=ojgic

1. 7M1
7tk 28

A W EE 7He ¢t ASAAE AYH ot 22 dRAATNAREEY
(Constant relative risk aversion) 2-83Kro] o8l EEHCH

¢ —1

uley,h,) = 1=

— K|l =Ry

U1 VA FBEE AR AN FEER bk, € (0,1}, = 100)
2 SEFUAS Lehi)el ol 2R B4 o Ao 7 ITES S4e, i

Ao} FEEF of 7} 7iQ10] B8] viAle AT $2/49E 2.

L}, o]&X(Heterogeneity)

7= =584M3(0)2 71971 68(2, Entrepreneurial productivity), F+ &F2
7R83ZA(diosyncratic shocks)oll Z®HslH o]z Qs AlSA o7 o] AH(Ex-post
heterogeneous)°|t} (F3%: Cagetti and De Nardi (2006); Lim (2018)). =5 34
(0)E olF9 Ao 2 HHEE o|FFEEXE(Transition probability distribution)e| ©+
2} SFE4 0 2 Haljlit)

7, 0'10) =Pr(0,,, <06, =0)

W 719 7197F 58(2)2 SERE G(2)0lM FEE=t] I 11 ghol FsiAd
ARbol| wHt Hotsl] el of, w712 7|7 e E2 o o] FER ATEHY &E A
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= A= , 71971= 2GS A
9= Aol Fshe $47199 ool THIASE AT AT 7197t
02 WEsl| o] 7HAAS 3t uiy] SEH o R HEdith

2 AfoMe 79 AdAckE EXeR ke B a-8AIncomplete
financial market) /73t 1A WH JRE 7= 7HE ARSEe] Bis S 5
otz o] JoH = AJAok] AHsto] A5 BE Al B8 HES Xadletr| 9
o ASS gt &, Aol =584 2 7197 529 WA 7Y AE &

Q10 Z-g3tt
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2. 7|
7192 o] wet g7 gt SAv|de R FEHETHER Quadrini (2000); Kitao
(2008); Cagetti and Nardi (2006); Lim (2018)).5)
7L 7|9 EE

7| YFE2 shte] tiiE 7]Y(Representative firm) 22 FHJ=H, 24| 7HAE0|
f7|hE 3502 Af-2Fok= Aoz 7RIt ti7|de] i ee ohaa e F

-tjZ=kA AARRE(Cobb-Douglass production technology)E T2t
YCop = Kgop[/é'(;)a
&, 5T AR20| A Ly, Koyt FU9E A5 Vi, o AP B4, 1-a

L L5 4ER48]E(Labor income share)® 7]go] ARt & A5} & = 5AIAL AA

5) FAHAVIAR, F27|9@% 0] WEE, 169 FA71Y ARAE oF 3674 2 FAMUA]
thH] 99.9%G1om, ZA7|9 BARK= 1,539 o s 22X} ojy] 90.3%2 st}
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QEaE0R o] Bullshs 18-S Ofulsiet o7 L, & SS9
BB OIS, K, A S8 SRR R W] 59 v 77MZo]
Bk oY) 719 Aol A AEE FIsiE, ol FEAGOREH ANE B

ZEE A2AHET} Fo] (rw) & Fo1d A, 7199 ole-2 o3t e

ot
for

2]

==

TrCOp == YCOp - (’I"+ 5)KCOP - wLCap

SATDFE2 71971 Ao E A A7 A 2ok Tl SAVI0R
TEt 719719] S&-I(Span of control) AIRECE 13} (Lucas (1978)), Fitgk
© TRl HiRt RS wWETh $47199] A AIE 7HA19] 71947 59 2o 2

E5hel, AR theat Zo EaE

o, k2 nd A2 AL AT e R UTE o1, ] igt AR e
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4719t S LAl ARy Aol A RlRE 2, ol 284
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3. 28AME

A 7 74 SHelM 28d(Incomplete)sttt. 34, 78 1A= AFGAIf]
AjHgtH Aiyagari (1994)). 4, HEAIS] 8= ¢ T471U2 di710l vl =2
A2 HE(HEeIAR)ol AHeitt. GEAIE glolk FoHoReR S dsh=
TE Ao 5= e d7193 €2, T47192 9EARS ofFol met tdigolxkeo] Aol
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S| Z=oid A obEh FEEES] odge] gEE H 7149l diEelAEd] vl
&Y &0 Wb $471Y 2H(Owner)= F-89180] T o0& A=t 7i]le] S84
A GRAES Fof AR g 2okl FEE] tiojAt FEEgES £

83101

7L @RS

FEo RPAA N GHE TG 7153t FUTH Apatoln], GRUE(L )9 AR 7}
A9) 78 7430] iElo] thet Zo] 2FErh
ph
1+r
o7IA ri RO, pi e, 1, FAPRAANIES Sk

HEOES] ARk FHdoRRER g FH 7ol gEGVES w1t ¢her 2%

chnﬂ

AR] T 2T 28 520 AL Alo] £Y5H T A9oler BEE T

&9 oFE2 gEHEoIU ti71Y tiEelrkeol vlsl  tha =2 Ao= ATt

4. FEAE

7] 2 7l el 712 (p)S BE51T Xp7)9) FERS ofBE At 71HA|9]

FETrolM & = 0] FHE 2751 Gheo ' s WAsHE Bl A (k)2 7]

0) FHEMNES o8 30 ARYHHE rt+y otHr & FHAIRRES 9.

7) WEFA0] k=EHo] e 7MWVl avleEe] WEE E0l7] A5l SeAtte AR
ES THe A 7171RA, &2 aE]9] FEEGE SRS S0 A%t 7I97RA,
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FEAQ AT TN DIRIs B3F SA71Y HESEY wSS Shon |k

el §910% 2485t of e ao] YL AL 1Y MY FHATFS
etk ek, Feitzel utet SRR thet 22 S8 A (so-elastic) 7

&, e FESFY THEEAES, 12 AL BE SRt FE e 12 B

F3joto] B A9 FHolA Fe FFHH )T} FeE-go] HUR AP Mapping)

5. 7HAI2] XA

7HA19] =5 34 do] utE2F I I (Markov process)& TWETHL 7P 49, 7k
9] HHAEA EAl= 7HI3(Value function)E B9l AAXRCE ®dE 4= it
ojstol| A= WA BP9 Elo|Yy 7S AT E I, 714 HH3REA] tsf| Al&gitt.
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7} Eolg

(1) 7HAI] R o (h)2 S84 )& 7] (¢ — 1) T3t SLsich
(2 i 71z, 8 34 =3 id0)0] ABE 70 7197 E ()2 AR
7He A2 71971 538(2)S G(2)°1A 231t
?3) (0.2)5 5T M M= DA vs. 2719 LU(=7197D)re Aegich
7197 e el S B AR S AR EIH(EETE/ T EEAEY 28
Tl dierd)S 290 2eAe 7190l kS St
@) it = 57171 olgS, A dEasS Rt

8) £ ol FH7AS] 5]*:30] AZA0) H|XE o] 7 FHEREEIHousing
collateral effect)o] oJ&si=t]|, mHEAAQ] ZHH.0.80] FHHEFII0] =8 AYQA
ojc}.
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(5) o 1%, A 1S SRt B8AMKa  AR)T FEES o5 )E AgsH,
7A0] 7197t 5HE o] Sg e A

o 7B

7HA19] HAVSEN 7t A Es<(State variables) (2,0,a,h) 2 % 3%, 7H19] 24
AFEAE TRt B2 7= #EE 5 Qlrh

V(z,0,a,h) = maX[ V"z,0,a,h), VE(Z,H,a,h)]

9 AolA] V= fESHe] AdHE A(=rA FY Al 2] 7H (=871 a-8)
g Vet Ve 7Y A AE 250 1BAel 7|47t 71XE UrERL o] Ao
A L % 5ol 7ML o] 2o BA7HEE-S Bk AUS AHsit) o]F.0] Aj&o
8% B0z AAMEHEAS] AA3(Policy functionk= o(z,6,a,h) (E{ W, E})
2 #7|57|2 g} & Aol 7] S8 glo] 1A XY Hgle] 7Hs3t AR
7Pggiet. o] A, 7S] A EAE A=t ol Ao B0 B &2 ASS B}
=179 EAE HEE 4= ik

7HAS] HA orrEgEAR= 2 oll wet AolohA| AT i oA glo]
HE A0 g A9 E-g 7ol Fgoke ket 9, 7|97k ole s &
203 AYatol] £ AAra 40| oF, TE| 3 ARZGRES ARSI

AR AAS At 71419 A5 A= thaat o] E3

V™Mz,0,a,h) = max ule,h)+BE[V(Z,0,d 1))

-
c,a ,h

S.t.
ctph'—h)+d =wld+1+1)a
c,a' =0
9] citA R o] mEH THAIAEL AFAST F-8ARL] gigt ojxkaE e 2 14
HH, ole 79 BA7 | a-8S Siskd & s F7] &8[9 AVIE et As 9



FEO 24T} PN iRl 5k S4TI9 ESE Hse S0
afglo] AL, Tt me] Thests 9faf F1le] BARIACK Y = 02 71,
7 HFEA7 DR M4 ARt 719 H 48} BAlE thedl Zo] EAH,

V*(2,0,a,h) = max e peule,h) +BE[V(Z,0.d',h")I6]

ca' h'yn, k,
S.t.
Da=k
ctph'—h)+d = {zk”'n”z—wn— (r+ 5)k}+ (1+7r)a
LC=L"=0
c,a =0

Q) a<k

ctp(h —h)+d = [zk:ylnwfwn*{(rvLé)(avLLC) +(7'+5+'y)[/\vc}] +(1+7)a

a+ L+ LV =k

h
¢ < p
- 77H1+7ﬂ
c,a =0

71%471e] A Aest A1) sk BAIE wEAre] 25 BAleh S A
A5k, oARAIFA]S] Suio] Lpehbe A5 0] Q40N Paso] o]0 thRjslo]
Qleks oAl o)t 91 & 4= Sk R, 7197k AL AHEEAHD ABate]
2018 AE0| o] et AREYHS, Tel3 F471919] of@o] Feichs RS &
QU% 2 Ik, 71917h0] AZo] AT 2 AL (0 = k), ThE glo] AHEzTo]
FRs e, AHo] Sl 8-L T|giat Sshet, v, 71917h0] Ho] Aol v]
A R A9 (0 < k), LHEEEL )22 5o 22oH) k. grrke A%0% =
Gl AH20] SAEI8-L | 9lat ST ¢+ 6 91 W, BEHTIER 2ESHE AEo)
SAMIGL 404y B HHTHE U %0 29 A9uT} kot g YIgke
A% 9 GRGES A0 BT, olF HolAl AHEFglo] Badt Aol

guree B8
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N8 74A9] A (2,0,0,h) B s 2 7|52 SR BR9] A T E o
Lo 2ASL WEATIE 7EE: {V(s), Vs), V), B {o(s), c(s)
a'(s),h(s)k(s)n(s), LVs), LNs) }, 7HEHS (ryw,p), TS
AR (K s L), 7VAl B2 & (s) 2 oFRTE (HF, s = (2,0, h))

)

Sz}

ot

A, AR (r.0.p)7t FOAE, R 7HAE ZAe] BAIEES Sfsthie
AAGSZ AT,

S, R4 (rw)7t FOIAH, o719 ANRATUH K 0 Ly, ) O
Seiskeag BEARIC

LS |

A, 7 B3P (s )= ARl 24 B

st
A, 88 A (w)stel iesAPg2 Akt 10
Nayt [ns)id(s)= [1{o(s) = Whods (s)

A, FEA()SIO] FEAPES Gtk 1D

/ h'(s)d® (s / hd® (s

o AA, ASPAPE gArE

o

V=1V = O+ oK

oV, O K, L' =zt AA) AFQ] AAY, 4n], AR, R
Q]
=

A, 7P £32(@ (s )= ATl 24 HatsA] ekt
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R 27t AN iRl 28 S4719) hESE) 1SS SMo=

. B4 &3

2 Aol AR dEHS] 2 A 2018 o= AV AHustA wES

T V=T B PSS AASIAH(Table 1) 32).12) 29| 17]= 1@ 02 AR,

ﬂl.?.‘f

79 esiH(0)= et 2ol 21 FHE 13 A8 AT (First order
auto-regressive process)= T=CHChang and Kim (2007); Lim (2016) Z=X).

logf, 1 = pylogt, + €0,t+1
€0t ~ N(O’U§'>

=50 13 A8 ATEL Tauchen (1986)91 wet 97i2] 2]= H(Grid
points)& °1&3] oliFK(Discretize)tAH. ©f W, A7|jAIg 2] &E4 E4E 1t
gokz 2= (g, 0) = Lim (2016)] (0.792, 0.354) & A& 13)

7197t 58 ()& TR o] 71 AR RRE FEEE 20 PR

G(z): logz ~ N<0703)

7197t 539 BEabde 271 FREY) BEHA0, )9} 7197 59 7IxbE 4
&S S5k ool el E 20179 7| FAE R EA ol W= 20169 47
A5 272 627 64 N, EE7192 5775 14 A=, o] 9 HI&S Lok B4
719 AEES 10.85%2 ARIESITH1Y) 7147} 589 AUES o el
(=0.005)= 201749 4719 4BES BTGl 11 gks 27sIqith 21 gHaxe
HZFAH0,)2 20179 F2719 & AF10%(BD)/5H190%(H) B8-S eFAEs A
th. ti&71E $4719 A9 10%9] HruhaS 4.19 9, 519 90%<] HetiiES 1.1

o =

12) 20184 doJg] o]-&o] E7Fsd 9ol ghsto] 20184 o< Ho[eE &85ttt
13) Lim (2016)2 #=w-59d 1982~20129] YEAEL ol83lo (py.0,)S g3tk
14) 347192 1-8<910] 300 ©vlwkel AFAAE S=3ict
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(Table 1) Calibration

Parameter | Value Source (or target moment)
o 2.0 Literature
Po 0.792 Lim (2016)
Oy 0.354 Lim (2016)
P 0.005 Small business exit rate, 10.85%, 2016
7. 0.80 Ratio of 10 to 90 percentile average sales of small

businesses, 3.716, 2017

8 0.969 Ratio of net capital stock (excluding land) to GDP, 3.61
v 0.416 Share of small businesses’ value-added, 50.9%, 2016

«@ 0.36 Literature

) 0.06 Literature

Ny 0.90 Limit of housing-backed collateralized loan of entrepreneurs
r 1.69% Average base rate for small businesses

vy 3.53%p Average spread for small businesses

K 0.053 Homeownership rate, 59.9%, 2017

7 0.246 PIR-LIR, 2.948, January to August in 2017

o2 i AH9110%(B)/5H190%( B ) HlE2 3.716°11L, 0, 9] F2 0.8= 2%
=k 7147t 589 21 FHEE okskE ff5l 13709] 1EE e ARSIt o
St 18E Mg 50 WMEARR, A%t 185 & 99.5 WESRR Ak, I Ho
BT 57 20] Heg yrx] 117]9] 12l Ho] gke 24519t

FEU|EAR Q% 7R 888 Kok ki FEATAY SRR IFS F
£ molt), TREAGEA o 2y 201749 FHAGEL 59.9%Ah £(=0.053)%=
2G| AT TGO FEAR-80] 59.9%7} H=E AEBefol A5t AH
Sl A (o) = BAEIS wE} 2.002 gho 2 Hgsiict
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y= Zkl/anu(l —a)

2744 (2018)2 A FAARAXALE Sl 71GFEE P HiE ERe A
HEE=H 201689 F4719 F7PH A2 256.9% dor F FUPHA| 504.8%
4 5 50.9%E AABIAT. 4714 ArterolA =] vt sl =S S5ke
24 v(=0.4162k= 20168 & F7PHA A2 § $4719 BlIE 50.9%E BRI
Th15) AR aSE e o) A3 A7PIAE(0)S TS W I ghe 44 0.363%
0.062% A3t

2 AFe R /TAEAE skl FRIECIRRE(r)E 80 R Fofl Ao
7Pgeit digdele 84 7IEegale /KRS Fo8 mEue), 2Asel o
29 2017¢ $47|9HE Hw1E2 e 1.69%3ch wEhA 2yo] Rojglo)Re-2
1.69%= 4453110

= 7H19] vl a-8 TRIJNRKHDiscount factor)ZH 7 7HA19] A=521, Yot
2y BAY 415 ol TS Eoh SAK TENIRI 23 o wEE 2018W <A
BEAE(EXRRAE AQ], ) 6,827F Y, THSBAHEHS 1,893% o= (EXA}
ARS A 2Jgh AEAEHES 3.610]90th £ AFollie FAATEHFFNA (FES A9
?h) AE4aEHE0] 3.610] E = U=F 49 #5 0.969% 53t

BN 0= FEEEAYE(Loan-to-value ratio)g &oh=t], & A7elX=
719717} 714 9] 90%=AA] &S 4 Qs AR THYSIITh1Y) v 4
A FEE diggEd A8Es THEEE Kok, S4A1ddE THeE Bel
3.53%p= 1 gk 2751519

i

Ol

15) o, ZPAARA HZAse dLBATAR X
50.9%7} E=5 2| Befol sttt

16) S47|ARA-AAAD) HiE 7eae] e 29943 $ar1d dEae.E EY
2 A JTHZZ https://portal kfb.or.kr/compare/loan_snmindustry. php).

17) AfdAHY] SFeEEIAHIES 29 9 584 7t Ao|7F E4(90~110%)8t

oz
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FEIENFY By = FETFIAY] RS 2AsH, oF B9l (8Lt T
£of) #3700 FF= <ot TA B AR A5HE] S AuE
AUFAE & HFL & UA=E 19 9= A7FsISict ol dAoA= Zgat 2y
&S E-85to] FHE FYsHe Aol PutAo]7] uhiof A=+ AtASTH] FE7t
ZH|E(PIR; Price to Income Ratio)oA AZASHH| tiE&FHH]E(LIR; Loan to
Income Ratio) AFeh 3 AejHdo|ld HHER 853t Hole7t 37i=
20179 1€97E 897kx9] PIR-LIR 9] Bt 2.948% AXIEA0H, 19 9] Fhe
0.2462= A=}

FEHEFETY 71271%] e= BP9 B dHt B0l FFE A TSN (FED)
1A Ho|H 2 HTransition path) SHH3H S0 QlojA= A =}
oot FAIF o FEZFIA(Fp)ol I = S « #ol Bkt wet o
Fol| A 9] FEFFF - B DYPofAE FHAREE X3 - I FEufjufrlZo] Hslst
=, o] wf 9] groll 2Jsf] 1 WaEo] A, tlolE o W2, k2] 2016-20174
AEFETHA O] 552 1.86%A 21 &7 17 FRHAREE 55.5%00141 55.9% 0.4%p
S715Ik = AtollA] e= 2016-20179 FHARE S71E tiB] 9748 5E 1]

&2 Bt 1 gkS 2735kt (e = 0.368).

V. Fedtind: HXoE 2SEH

W5 0|2 9J9) magt o] Sud wge] AR WAL R ARe
A3, ol ol WA BRAAC - 558 7|9d7e] Ak 9 AT o
e BRI TheoR FEisg SA0w Faido] sletsis A9E AT A9
Ao} AT AT ZRAAE v meltt mhAeko R FeiAo] steidt 7

YA 9] Aol 2/ HTransition path)2] 5250 tisf EAI51T.

O.

W

o

18) 347|9E 7HiaE o2 23AYE SV 1duE=ELE EUE ALt= i
19) PIR¥} LIRS F3dolelE=(https://www.data.go.kr/dataset/3072325/fileData.do)ol|A]
ol-87ssttt
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1. X033 2EEN
7k 719719 AielArE A

71947 52o] B4 o= WHHo] G 392 A BA. INHHOE 7199 ol
SefakeAle] shie BAHRL] SABAET 7HA@AN8)0] ZOPHIES 2} Jataso]
FYS Aol 02 HAEk B Aol A 47199 AISE TA

(Figure 1) Entrepreneur’s Optimal Capital Input and Funding Sources

@ a<[0,a**) (b) a=a**
Mk} APk}
Mk o=ag) AClE =0
,-.,5'_- - l rd i
T Y = ¥ & F
(©) a€ (a**,a%) (d) a=a*
L ] M)
5 \ MOl o=fo™, 7)) X MG a=a*}
r+fi \h"’“——-—--...._.__ rif ————]
Bk E k&

(e) Home-renting entrepreneur (f) Home-owning entrepreneur
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(YRS BEHIZHT K31 K&

e A W2e aug AR AAPE(MP (k) FidE FslRI ((Figure
1) Z2). §HH, AR29] SAMIES At 2@HAlol wet GeRlet], 71971e] S8Rkt
olut HHAiEo] 2sf Aol 2EE wj HAMIE r+ 9, FHEMEO 3 222
& TAMEE r+ 5+ yolet. meEbi] AR2Q] A M C(k)) F4dE (Figure 1014
o} o] Adtelre] FEHE Htt vlge] W2 7|97 S8 AMolu HEHEe] %4l
Hom 2E 2] EEEIL FEE tisiAT FEEHE0] 285 o= b
MP(k) 9] 2ALH@ANIEO] r+ 6914 r+ 6+ 72 Fe A2 7197PH 243t 58
ARkt ez FAo] whet Holeict. 53], FHujul7tAo] 1= = 73
(Figure 1)°Ae} o], MC(k) 9] EAEHELE 719712 S84 S719 A =5
2 o]=31} 20)

719719] 2|2 AR TE AT A2 22 olshsh] #sf <Figure 1)2 AHA5] Aw
HAL. (Figure 1) 7197k 580l i3 7% 24 AL FUF, gHlE, FEEE0
719710 F8ARte] =710 wet oA ERIAIEAIE BARIG (Figure 1ol 714
¥ 9 k= Thgl o] ojgict,

Ho

o

o+ = { Vav(lfa)*ly(l_a)*l/(l*a)wz/(lfa)(T_,'_(S)lfy(l—a) 1/v
z
{Z/O[V(la)ll/(lOd)’/(l(!)wy(la)(’l"—l—(s—ny)lV(l“) }1/V
z

¥ =

2 9} et o ZJO) SABALEO] Z47h 145, 1+ 5+ 4 T} Zobd A9 A=
QIS R (MP () = r+6, MP(F*) = 1+ 6-+). BF, MC(k) 2] 2A48e
k¥, ke oh QANARL DA £EG o*, o** 2 ISl e,

(Figure 1@ F8AMIO] a, (< a**) 9 7]%4710] A=k Ry, 7]¢]
7o) gAT0] o *of wlAIX] ot uf AEEL AR o] FARIS AT FHAHE
20| TASKE k**olH AHHH, 0] & ke BSAT} BHAER, kF—k, = B

=

gursE 2E /197l F8A] RS TS olg-e gashol

20) FEAME 0] U A fFEA] MCO(k) 9] BALHo] FEido] ws) gud
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(Figure 2) Distribution of Entrepreneurial Productivity
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Aol o *o] EolH FHEOE o8 glo] k**E AREEQIRke] AR
(Figure 1-(b))). <Figure 1-(c)ollxlet o] F8AF4L0] a € (a**,a*) Q1 AL AT
YT S8} GRS Tt At F-8Akto] Ak F716te] a* ol mEehd
(S8t 71t FAQle]) ARTAFL koA AR, F8Mlo] Z718 B9 &
HojE o8- A AATTHEE (Figure 1-(d)). <Figure 1-(a)~(d)E Fst
8 71470 4 AR} A2 IS (Figure 1-(0)<h o] 9okt <= 9lck.

F58 74719 24 ARE=Qlg T AR g E f5E 714719 AR ARl o=
AgE & Qlrt. ol 559 7| 97ks HEUES o8 = §7] Wi MO(k) 9 &
A&7o] TR 5 714710 Hlsl HE S A3tATE 5ol fIXg) kA
2 AEEQJRFo] krrol]l wEZE F8AME o] Rl e HrkHlan
(Figure 1-(e)) vs. (Figure 1-(H)).

A7 7197F 58(2)0] B4 #o& 1= 0] A= A5 dHste] =98 XY
SHATt. BgolA 71997 589 A7]of wiet 71970 HA AREEQRk W ARy
o] gElx|r] o1& gokeld thaat 2tk AA, F8AME £ I FEAG oIt 5L
S 739 7197 580l 245 A AETYILe] F7RITE &, 7197t 58l 245 7]
Aol FrEE= SR B4, 458 71979 XA AHEERIRRo] B8 717l Hls|

ek A, 7197k 0] e (x < 2,) $5E V17 AgASl st ok

N



[ 44 EEEELERER

th2D) o]z W2 Ao s Qlsf 22 AERYFE W2 =ol7] ] EEtE
&= ol 2 A2 AEAe] 7Rssh] mizelth 7197 s80] 2 (2 € {21,213} )
5ol 71971 SF8Ate] W wf Al-§A| ] Ao} T E &S o] 83ith

(Figure 2)+= $47199 AH(=71971 58 BEEE 19| FElf ool ot
2} FHEsto] Bttt QU7 FEEIRQl S4719 thiE2 W VIS Hs Wi,
LU7F FFERR] 47|49 iR w2 VIS Btk ook 2 I w2 7|
W7t sES 7R TSR 71 o= R WSk AloleE A50 % $Eslo] FES
A A = ] 2l BEEH.

(Table 2) Key Moments

ot

mlo
£

Moment Value

Homeownership rate 58.19%
Housing-price-to-income ratio 2.948
Fraction of entrepreneurs 22.95%

- Homeowners only 17.19%
- Renters only 5.75%
Aggregate output 3.528
- Corporate firm only 1.732
- Small businesses only 1.797
Aggregate labor 1.029
- Labor employed by corporate firm 0.310
- Labor employed by small businesses 0.719
Business exit rate 12.09%

- Home-owning entrepeneurs 7.68%
- Home-renting entrepreneurs 25.27%
Business entry rate 3.60%

- Home-owning entrepeneurs 3.68%
- Home-renting entrepreneurs 3.51%

21) 29] ORRAAE I £ME Eoto] olRAA 24P 252 V197t Sdo] Atk
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. F8 AXNBARE

e HefolMo] gay B0 A EFRolA 2] 9 HAIXEE (Table 2)9F 2tk
FEARE 58.19%, A5HH] FE/HE vl 2.952 FAFAIE 1A s 5y
ok WixulE 2P A9] 7197 Blg2 22.95%= 2018W FF71
SARE A2t FAAE div] vdE SEAF HRER1 21.1%9F ARE X5 HofgEr 22)
71971 & 74.90%= f5ERto ot $RYAR 3.5301H, o] & 50.94%21 1.802 471Y
B YAk E47199] ABEL 12.09%Q1H], QU7 9581l 47199] A
HEL 7.68%= QU7F FFERQ] 547199 £HER] 25.27%1 Hlof w22 423
ojc}. gl HA| 7] $471YG AYE 3.60%0 A5EA1] AL 3.68%= F
FERL] AAE 3.51%00 HI3] thh w2 A & = Qlrk. oY FEEG ojF= 719

FhNEH B T4 480 9lo] F8jt 84U & AT

3
d
il
it
+
3o,

(Table 3) Housing Demand Shock for the Model Experiment

Decrease in housing price
Benchmark
10% 20%
K 0.053 0.041 0.034
Homeownership rate 58.19% 55.98% 53.60%

V. FEieQ ZAZ Qlot FEHHINZHY o2l d=dM TEsat

o oA FERE AT Qg Fefu}Ae] Seto] ARA] A TR

TS 2Aj57] 91 BRABIV S Sk, Fertae) sleEo] e AX A
SHe A9E APYSIL 2 BRI IS Blst 5, S st 4] 2
RANAAA3] Mol 3=  Transition path) Suislo] e Bk, ofsjollx] 2

0] ghgo] i 49, FeujuirlAo) slehe Feisa 7 $70] o Aol

22) A%, TBAEEAFEAL.
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1. EdH HuEN

HPAALS Asf Tz sito] ko] oA st & T =254 o3 7+
S B9 AL PR C 2 FEEESA0 FEivE A E] Sl AdReIA -
(,€)2 249 - AU 29 (201849 =734 Hin] F=Euu7120] 242k 10%, 20%
SHEFol7] §18f w ghol duit stetslior skeAlE AXtste] 8] =8329] 2718 24
SFITt. (Table 3)°ll4 89Fd Bfel o], x7} MRt $2]Q1 0.0530014 0.041,
0.034% stfsle 3% FeHiui7 A2 Aot gjv] 242} 10%, 20% SF=f, FElafg
= 58.19%(HAF2)oNA 55.98%, 53.60%= SItRit.

A ez Ee shEo] A 7197kl AAtlArael vile S AmEAL

(Figure 3 Fell1 stk Alo] 228 717ke] BEARE 0] me HHAjes

{Figure 3) Optimal Production and Financing Decisions of Home-owning
Entrepreneurs: When Housing Price Decreases by 20%

(a) Capital input (b) Leverage ratio
60 100 - .
S LYC wun LNC o - LC - - 1€ _L;}r _L]\r & L Q
’\'n r‘fl ’\'1: A‘-I
80
40
60
k %
40
20
_____ ¥ Ep R gt 20
% - L
0 b I VR S TR L ; R 0 s
0 20 40 60 40 60

13 aa
Note: Subscripts 0 and 1 indicate the benchmark economy and the experimental
economy, respectively.
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2 ojee] Ago] Hilok= A7t oflEg B AloA= $aF5A0 o3t FE7HA
o] YT DPAFAS ]2 Tk,
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Qo) e]A) Hlgo] ofEA] MSlSH=AS HARIH (Figure 3 2 = 2, A 495
SAlSiIh. QA et ulel o] BgAHKa)o] k* (FEAIM] S WA S B
o] 22| AEEQE 50,400 HIAA] FSHe 7I7He RENS thES B 2w 2
BAHk0] a=[0,22.5) 21 71Q7He HHTiEEEE ok} ojxpigo] & TeutErt
X B85t 719710] F8AIo] SRISE tEolErt Ashl BEuTEe &
MHoR FgAoR TiAE) el lo] steidt 49 SHthE Aol el
we} 7197h0] BT o8- AL (1> L, L/ K> LK) 8 312 A
of WAl AEEQS §AI5H] ST FRinriEo] olgo] SehEtk L < L),
LK< LY 1), FgAe] € [22.5,50.4) of SRkl 71917k e}
7 3jet Hol ofn] AHo] TANYALEe] BEPTiEo] of<u) 8-S Stalshe Sol A At
29 SIS QG o] FEHTAES 851X it wWebd o] A% FelujulzlA

sfero olgt Rl 43S P4Vt RS olg S71 ololiA o, HurlE

(Table 4) Small Business Output, Capital, and Loans: When Housing Price Decreases

Homeownership status . Collateralized | Non—collateralize
of small business owner el loan d loan Ol
Benchmark 0.1985 0.0000 0.0258 0.1175
Housing price 0.2146 0.0000 0.0286 0.1284
Renter 10% drop 1.0811 - 1.1085 1.0928
Housing price 0.2698 0.0000 0.0297 0.1619
20% drop 1.3592 - 1.1512 1.3779
Benchmark 3.2576 0.7288 0.0082 1.6792
Housing price 3.2094 0.6605 0.0087 1.6642
Home | 10% drop 0.9852 0.9063 10610 0.9911
Housing price 3.1230 0.5370 0.0092 1.6266
20% drop 0.9587 0.7368 1.1220 0.9687
Benchmark 3.4561 0.7288 0.0340 1.7967
Housing price 3.4240 0.6605 0.0373 1.7926
All 10% drop 0.9907 0.9063 1.0971 0.9977
Housing price 3.3928 0.5370 0.0389 1.7885
20% drop 0.9817 0.7368 1.1441 0.9954

Note: the bold numbers indicate the ratios relative to the benchmark.
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(Table 5) Key Moments: When Housing Price Decreases

Decrease in housing price
Moments Value
By 10% By 20%

% of entrepreneurs 22.95% 22.92% (¥0.03%p) 22.91% (¥0.04%p)
- Homeowners only 17.19% 16.73% (¥0.47%p) 15.67% (¥1.53%p)
- Renters only 5.75% 6.20% (A0.44%p) 7.24% (A1.49%p)

Aggregate output 3.528 3.526 (¥0.05%) 3.524 (v0.11%)
- Corporate firm only 1.732 1.734 (A0.13%) 1.736 (A0.25%)
- Small businesses only 1.797 1.793 (¥v0.23%) 1.789 (¥0.45%)
- Share of small businesses | 50.92% 50.83% (¥0.09%p) 50.75% (¥0.18%p)

20% oFFet AL 71 AR 0.13%, 0.25% AFssich oht 71y A 2=
4719 A ZAES A v IAE ot AL 0.05%, 0.11% S

(Table 5) =)

At Aol AL ke ALet BE HollA 5Ue F B dHH ] Blae] <A

H] 2] ZAT AA k= S skt A k= A
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(Table 6) Small Business Output, Capital, and Loans: When Loan-to-value
Ratio (1) Decreases

Homeownership status of Capital Collateralized | Non-collateralize Outout
small business owner P loan d loan P
n=0.9 _
(Benchmark) 0.1985 0.0258 0.1175
Renters . | 01988 - 0.0258 0.1178
= 1.0015 1.0000 1.0026
n=20.9
; (Benchmark) 3.2576 0.7288 0.0082 1.6792
omeowners | o 3.1910 0.5382 0.0116 1.6714
= 0.9796 0.7385 1.4146 0.9954
n=20.9
» (Benchmark) 3.4561 0.7288 0.0340 1.7967
- 3.3899 0.5382 0.0374 1.7891
= 0.9808 0.7385 1.10000 0.9958

Note: the bold numbers indicate the ratios relative to the benchmark.
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(Table 7) Aggregates: When Loan-to-value Ratio Decreases

Loan-to-value ratio ()
Aggregate variable 90% .
(Benchmark) o
Aggregate output 3.528 3.524 ¥0.11%
- Output by corporate firm 1.732 1.735 A0.17%
- Output by small businesses 1.797 1.789 ¥0.45%
- Share of small businesses 50.92% 50.77% ¥0.15%p
Fraction of entrepreneurs 22.95% 22.95% -
- Homeowners only 17.19% 17.19% -
- Renters only 5.75% 5.75% -
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Abstract

Korean small businesses’ heavy reliance on business loans collateralized by
their real estate suggests the vulnerability of SMEs to housing market
fluctuations. To quantify the impact of housing price changes in response to
housing demand shocks on the small business sector and the aggregate
economy, this paper presents a heterogenous-agents model characterized by
households’ choices on housing (to buy or sell) and occupation (to be a worker
or an entrepreneur) and an incomplete financial market. The model is
calibrated to match salient features of the 2018 Korean economy. The model
experiment reveals that a drop in housing price lowers the upper limit of
collateralized loan for small businesses. It impedes their optimal production
decisions and results in production contraction. The consequential decline in
labor demand lowers wage, inducing a slight rise in the output of large firms.
The amount of increase in the output of large firms; however, falls short of
making up for the amount of decrease in the output of small businesses so that

the overall GDP of the economy decreases.

% Key words: Housing collateral, Financial constraint, Small businesses
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exchange rates, this paper presents two important features of the high
frequency exchange rates across different trading time zones in FX markets:
time—of-day pattern and long memory volatility. First, this paper finds
statistical evidence of the time-of-day pattern in the 4-hour period returns of
the high frequency exchange rates across the time zones through the
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l. Introduction

This paper considers empirical evidence on important features in the mean
process and the volatility process of high frequency exchange rates,
time-of-day pattern and long memory volatility, across different trading time
zones in FX markets. Since the two features are in their own right importance
in explaining the high frequency exchange rate dynamics, they could have
significant implications for the overall understanding of FX markets. Also, this
paper attempts to provide some explanations for theoretical reasons why the
two features, the time-of-day pattern and the long memory volatility exist in
FX markets.

Even though there has been an extensive literature on the time-of-the day
pattern and the long memory volatility in the high frequency exchange
returns, most of the attention in the previous studies has been devoted to
either the time-of-the day pattern or the long memory volatility in the
exchange returns separately. So far the literature to date has nothing to say
about both the time-of-the day patterns and the long memory volatility in the
high frequency exchange returns. Thus, this paper could add to this literature
by investigating the two features of the time-of-day pattern and the long
memory volatility in the exchange returns of the high frequency exchange
rates across different time zones in FX markets together.

The time-of- day pattern in the high frequency exchange returns have been
presented by several papers including Cornett et al. (1995), Ranaldo (2009) and
Breedon and Ranaldo (2013). They have found that home currencies
depreciate systematically during domestic working hours and appreciate
during the working hours of the foreign counterpart country. In particular,

Cornett et al. (1995) have investigated the hourly exchange rate data for the



Time-of-Day Pattern and Long Memory Volatility in High Frequency Foreign Exchange Rates across Trading Time Zones m

US trading hours of FX futures and found that a significant tendency for the
foreign currency to rise during the US trading hours, with the majority of that
rise occurring in the first and last 2 hours of trading while the foreign currency
had a significant tendency to fall outside the US trading hours. Thus, the
exchange returns generally appear to follow market specific and cyclical
patterns during the day across the times zones whereby local currencies tend
to depreciate during their own trading hours and appreciate outside them.

There have been two main explanations for the time-of-day pattern in the
exchange returns; liquidity effect(Ranaldo, 2009; Breedon and Vitale, 2010;
Breedon and Ranaldo, 2013) and asymmetric information effect(Andersen et
al., 2002; Bauwens et al., 2005; Evans and Lyons, 2008; Rime et al., 2010). The
liquidity effect refers to imbalances in the inventories of liquidity suppliers
that are caused by systematic excess demand or supply at specific intraday
times, and the asymmetric information effect refers to the possibility that
traders may profit from superior information because of their networking,
trading location and the time zone in which that operate.

Some papers have argued that the liquidity effect is more important and
could come from various sources such as interventions, transaction data,
institutional flows and order flows(Fatum and Hutchinson, 2003; Froot and
Ramadorai, 2005; Ranaldo, 2009; Breedon and Vitale, 2010; Breedon and
Ranaldo, 2013). They have presented that coupled with the “domestic currency
bias” in which traders located in one specific country tend to hold assets
denominated in the reference currency of that country so that the domestic
currency prevails over foreign currencies, the geographic segmentation
creates sell price(buy-price) pressure on the domestic currency during
domestic(foreign) trading hours. In particular, Breedon and Ranaldo (2013)

have showed that the time of day patterns in exchange returns can be caused
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by the regular patterns in order flow by using hourly high frequency exchange
rate data from 1997 to 2007 and argued that the time of day pattern could give
strong evidence for the liquidity effect since it can be observed in a large
sample and seems a clear case of a deterministic trading pattern that cannot
be related to private information.

Also, there has been widespread evidence that foreign exchange rates tend
to exhibit “highly persistent volatility clustering” in which large changes tend
to be followed by the period of tranquility alternate with great volatility(Engle,
et al., 1990). This phenomenon has been originally noted by Mandelbrot (1963)
and Fama (1965). The occurrence of the volatility clustering lies either in the
asymmetric information and the liquidity effect or in the arrival process of
news or in market dynamics in respond to the news(Baillie and Bollerslev,
1990; Engle et al., 1990). According to the theories of the asymmetric
information and the liquidity effect, traders in FX markets with heterogeneous
priors and private information may take some time of trading after shocks to
have expectation differences resolved. Thus, the pattern of the concentrated
trading volume and price variability can be generated because of the
interaction between strategic informed traders and strategic liquidity
traders(Admati and Pfleiderer, 1988) and the informed traders act strategically
to take advantage of their superior set of private information(Foster and
Viswanathan, 1988). Alternatively, the exchange returns may exhibit the ARCH
behavior even if the market perfectly and instantaneously adjusts to the news
if information comes in clusters.

Since Engle et al. (1990), many empirical studies have concerned with
volatility spillover on international FX markets. Initially, Engle et al. (1990)
have proposed two hypotheses, heat wave hypothesis in which the volatility

has only country specific autocorrelations and meteor shower hypothesis
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which there exits intraday volatility spillover from one market to the next in
order to explain the causes of the volatility clustering. They have presented
that empirical evidence is generally against the null hypothesis of the heat
wave so that the news in one market impacts on the time path of per hour
volatility in other markets and that the exchange market dynamics exhibits
volatility persistence possibly due to private information or heterogeneous
belief of traders.

And, Baillie and Bollerslev (1990) have presented the volatility clustering in
the high frequency exchange returns by using the hourly exchange rates and
explained that the volatility clustering of the high frequency exchange returns
appear to be some heat wave or market specific new characteristics due to the
presence of the seasonal ARCH terms. And more studies including the papers
of Engle et al. (2012), Bubak et al. (2011) and Melvin and Melvin (2003) have
examined the volatility transmissions between international markets by using
high frequency return data and GARCH type model which lead to an improved
inference about the volatility spillover across markets and presented that there
exist both the heat wave effect and the meteor shower effect in the FX
markets.

In particular, the paper of Baillie (1996) has presented that the volatility
process of foreign exchange returns exhibits the long memory property with
quite persistent and hyperbolic decaying autocorrelations. The long memory
volatility has been presented in their squared returns(Ding et al., 1993; Granger
and Ding, 1996), power transformations of absolute returns(Lobato and Savin,
1998), conditional variance(Baillie et al., 1996) and other measures of volatility
like realized volatility(Ebens, 1999; Andersen et al., 2002). Following Ding et al.
(1993) and Dacorogna et al. (1993), several long memory models have been

developed to represent the long memory volatility in the exchange rate data.
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Among them are the Long Memory Stochastic Volatility(LMSV) models of Breidt
et al. (1998) and Harvey (1998), and the Fractionally Integrated Generalized
AutoRegression Conditional Heteroskedasticity(FIGARCH) models of Baillie et
al. (1996).

Several papers have also explored the aspects of the long memory,
persistent volatility that has become a well-documented feature of the high
frequency exchange returns; see e.g. Dacorogna et al. (1993), Andersen and
Bollerslev (1997; 1998), Baillie et al. (2000), Andersen et al. (2002) and Baillie
and Han (2002). Even though these studies have appeared to be useful in
describing the long memory volatility in the exchange returns, there could be
more interest in explaining the underlying causes of the long memory
volatility, whether the long memory property is only market specifictheat
wave) or caused by the volatility spillover effects(meteor shower).

Given the previous studies summarized above, this paper uses time series
analysis methods for three major high frequency EUR/USD, JPY/EUR and
JPY/USD exchange rates, which are the most traded in major FX markets(US,
Europe and Japan) across the different time zones in order to examine the
linkages among the trading session returns in the time zones. In particular,
this paper uses the 1-hour high frequency exchange rates provided by the
Olsen & Associates who is a real pioneer in collecting and analyzing the high
frequency financial datae.g. Dacorogna et al., 1993; Olsen et al., 1997).

First, this paper focuses on the significant time-of-day pattern in the 4-hour
period returns obtained from the hourly EUR/USD, JPY/EUR and JPY/USD
high frequency exchange rates. In particular, this paper presents significant
evidence of the time-of-day pattern in the high frequency exchange returns in
which domestic(foreign) currencies tend to depreciate(appreciate) during

domestic(foreign) working hours across the time zones. This result can support
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market microstructure theories building on the liquidity effect and the order
flow of information by the liquidity based traders in FX markets.

Then, this paper investigates the long memory volatility in the 4-hour
returns of the high frequency exchange rates by adopting the parametric
FIGARCH model and the semi-parametric Local Whittle estimation method,
and finds that the long memory volatility appears to be different across the
time zones and only country specific supporting the heat wave hypothesis with
some possibility of the meteor shower hypothesis as the cause of the persistent
and long memory volatility clustering in the 4-hour returns. And, this paper
presents that the pattern of the long memory volatility across the time zones
also could be related to the asymmetric information and the liquidity effect.

Thus, the main contributions of this paper are to provide statistical
evidence of supporting the time of day pattern and the different long memory
volatilities in the exchange returns of the high frequency exchange rates
across the time zones in FX markets and to suggest theoretical explanations
based on the theories of the asymmetric information and the liquidity effect in
FX markets. In these aspects, this paper lies both in the large number of
independent studies which enhances the significances of a statistical analysis
and in the increased ability to analyze finer details of the behavior of different
market participants in the FX markets.

The plan of the rest of this paper is as follows. Section II presents the
descriptive statistics of the hourly high frequency exchange returns and
explains the significant time-of-day pattern in the 4-hour period returns
across the time zones. Section III describes the long memory volatility in the
4-hour period returns of the high frequency exchange rates across different
time zones with providing the estimation results from the FIGARCH model and

the Local Whittle method, and supports the heat wave hypothesis in which the
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long memory volatility is only market specific with some possibility of the
meteor shower hypothesis in which it is a phenomenon of the high frequency
volatility spillover from one market to the next. Then section IV provides a

brief conclusion.

Il. Descriptive statistics and the time—of-day pattern
in high frequency exchange rates

This section is concerned with the descriptive statistics of the high
frequency exchange returns and the time-of-day pattern in the mean process
of the exchange returns by using the dataset of the 1-hour high frequency
EUR/USD, JPY/EUR and JPY/USD spot exchange rate data which are the most
traded in the world exchange markets(US, Europe and Japan) in order to give
results for a range of different time zones. The high frequency exchange rate
data is provided by Olsen & Associates, in which Reuter FXFX quotes are taken
at every l-hour for the complete calendar years of 2012 through 2014 in
which the world FX markets have relatively been stable after the global
financial crisis caused by the US subprime mortgage crisis in 2008. In
particular, this paper uses the mid-quote prices which are the average prices
between the representative ask and bid prices quoted in every hour, and the
FXFX indicative quotes can be taken as a very good an close proxy for the real
quotes(Goodhart et al., 1996). As an over-the-counter(OTC) market that trades
across several time zones, the FX market does not have precise trading hours,
though it is clear that traders in particular locations tend to operate over fairly
fixed trading hours. Thus, this paper takes FX trading hours as the guide and

find that the trading hours fit well with distinct changes in trading volume.



Time-of-Day Pattern and Long Memory Volatility in High Frequency Foreign Exchange Rates across Trading Time Zones

It has become fairly standard in this literature to remove atypical data
associated with slower trading patterns during weekends and the worldwide
holidays like X-MAS and New Year Day(Miiller et al., 1990: Bollerslev and
Domowitz, 1993). In particular, this definition of the weekend is motivated by
the daily FX activity patterns presented in Bollerslev and Domowitz (1993).
They have documented that the weekend data with much lower trading
activities are excluded since they cannot provide any economic implications.
Thus, this paper eliminates the exchange rates during the holidays and the
weekends from Friday 21:00 GMT(Greenwich Mean Time) through Sunday
20:00 GMTD and uses the eventual sample data which contains 778 trading
days with a total of 18,672 observations and each with 24 intervals of 1-hour

duration. Thus, the 1-hour high frequency return(y) is,

Y = 100*[In(SY-In(Si-1)] 1)

where S; is the 1-hour spot foreign exchange rate at time(t).

Following the definitions of trading hours in FX markets proposed by
Breedon and Ranaldon (2013), this paper specifies the local trading hours of
the three exchange rates across different regions and time zones in Table 1.
For the case of the currency pair of EUR/USD, the trading activity begins at
07:00(GMT) in Europe market and ends at 21:00(GMT)(corresponding to 16:00
in local time) in the US market. Even though traders in particular locations
and time zones tend to trade over fairly fixed trading hours as in Table 1, the
FX markets do not have precise trading hours since the market is the OTC

market that trades across different time zones. Thus, this paper investigates

1) Several studies including Andersen and Bollerslev (1997) and Baillie et al. (2000)
have used the same definition of the weekends to analyze similar high
frequency exchange rates.
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the exchange returns over 4-hour periods since these time brackets allow us
to observe overlapping and non-overlapping intraday periods in the different
trading hours of each region and time zone, and the 4-hour interval is a
reasonable length of time for marketable intraday trading(Ranaldo, 1990).2) In
particular, the trading hours from 00:00 to 07:00, from 07:00 to 13:00 and
from 15:00 to 21:00 present the time periods in GMT of the main trading

activity in Japan, Europe and the US market respectively.3)

(Table 1) Trading Hours in Major FX Markets

Trading Hours U (ol
Region ot |OC£;| tme at Greenwich Mean Main Trading Center
Time(GMT)
Europe 07:00-15:00 07:00-15:00 London
Japan 08:00-15:00 00:00-07:00 Tokyo
United States 08:00-16:00 13:00-21:00 New York

The descriptive statistics of the six non-overlapping 4-hour period returns
of the hourly high frequency EUR/USD, JPY/EUR and JPY/USD exchange rates
are presented in Table 2. In particular, the mean values of the 4-hour period
returns clearly show the time-of-day pattern in the mean process of the
exchange returns in which all currencies tend to depreciate during the trading
hours of their reference domestic markets and to appreciate during the
trading hours of their counterpart foreign market. And, the 4-hour period
returns generally have the values of the sample mean ranging from -0.0070 to

0.0068, which are very close to zero and indistinguishable at the standard

2) As pointed by Ranaldo (1990), it is possible to use the shorter time frames like
2-hour or 3hour period for the analysis of the more short-lived patterns, but
the main results are found to be almost same as those from the 4-hour
period. Also, the main results of this paper are not substantially affected by
the precise choice of trading times.

3) This paper considers the daylight saving times in the US and the Europe, but
finds that the main results are not changed significantly.
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significance level. Similarly, the values of the maximum and the minimum in
the high frequency exchange returns are all centered around zero. In
particular, the Ljung-Box test statistics for the test of the serial correlations in
the level of the 4-hour returns, the Q(50) statistics generally cannot reject the
null hypothesis of no serial correlation even with some exceptions, and
implies that the high frequency returns do not have any serial correlations.
And, there generally exit negative small values of the first order
autocorrelations(p) which may be attributed to a combination of a small time
varying risk premium, bid-ask bounce, and/or non-synchronous trading
phenomena(Andersen and Bollerslev, 1997; Goodhart and O'Hara, 1996).
However, the returns appear not to be normally distributed since the values
of the sample kurtosis from 6.47 to 28.44 are quite different from the value of
3 for the normal distribution even though the values of the sample skewness
are similar to 0 for the normal distribution. In particular, the estimated
kurtosis statistics for the high frequency returns are relatively large, which
implies the rejection of a Gaussian normal distribution assumption. And, the
values of the Ljung-Box test statistics, QZ(SO) calculated from the squared
returns of the 4-hour returns are very large ranging from 110 to 1126
indicating the existence of the significant volatility clustering and the highly
persistent autocorrelations in the volatility process. Also, the test statistics of
the JPY/EUR and the JPY/USD exchange returns are generally found to be the
greater than them of the EUR/USD exchange returns indicating the more

significant volatility clustering across the time zones.
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(Table 2) Descriptive Statistics for the 4-hour Period Returns
across Different Time Zones

a) EUR/USD exchange rates

Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU FU FU/US Us Us
Mean 0.0009 0.0007 0.0042 -0.0012 -0.0024 -0.0005
Variance 0.0037 0.6052 0.0115 0.0816 0.0103 0.0054
Max 0.5538 0.5538 0.7828 0.7278 | 0.9850 1.1650
Min -0.4526 | -0.5389 | -0.6414 | -1.0053 | -1.0097 | -1.3272
Skewness 0.5222 -0.7745 -0.1699 -0.2131 -0.1876 0.1504
Kurtosis 11.6056 | 8.9407 6.6669 | 7.9890 | 16.8286 | 17.9264
Q(50) 82.8805 | 53.7486 | 39.2484 | 48.2104 | 58.5174 | 55.2502
Q*(50) 312.1936 | 476.5698 | 243.5357 | 144.3317 | 160.6351 | 110.4277
p(1) 0.00327 -0.04503 0.01493 -0.0133 -0.0344 -0.0480
b) JPY/EUR exchange rates
Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU FU/US Us uUs
Mean 00024 0.0007 -0.0023 -0.0010 0.0068 0.0065
Variance 0.0139 0.0161 0.0231 0.0280 0.0163 0.0155
Max 0.7118 1.1825 | 0.9146 1.3072 13072 | 2.8349
Min -1.1251 -1.0181 -1.0181 -0.9849 -1.2730 -1.9187
Skewness -0.3413 -0.0518 -0.1729 0.0248 -0.3477 1.2592
Kurtosis 9.1887 9.7209 6.4797 8.1702 16.2549 17.0198
Q(50) 73.6348 | 86.1318 | 90.8711 | 55.7510 | 69.2705 | 62.2058
Q*(50) 845.8205 | 324.7089 | 537.4021 | 665.7804 | 616.3690 | 358.0140
o(1) -0.0167 0.00561 0.0315 -0.0012 -0.0496 -0.0904
¢) JPY/USD exchange rates
Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU FU EU/US Us uUs
Mean 0.0032 0.0001 0.0018 0.0022 -0.0070 -0.0048
Variance 0.0119 0.0117 0.0117 0.0193 0.0134 0.0097
Max 0.6170 1.3221 0.5713 1.056 1.0895 0.8962
Min -1.1882 -0.8291 -0.9038 -1.1886 -1.1452 -1.4261
Skewness | -0.6129 | 0.4022 | -0.4605 | 0.0549 | -0.0784 | 0.1687
Kurtosis 11.5036 15.5930 8.7767 10.8061 20.0793 28.4412
Q(50) 83.9162 | 120.3255 | 103.4805 | 88.0305 | 76.4366 | 96.1992
Q*(50) 1126.8834 | 630.2142 | 922.7935 | 290.5111 | 477.5804 | 390.4338
p(1) -0.0235 0.0456 0.0066 0.0214 -0.0249 0.0017

Note: The Q(50) and Q*50) are the Ljung-Box test statistics at 50 degrees of freedom based
on the returns and the squared returns. p; is the first order of autocorrelation of the

returns.
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Following the methods of Ranaldo (2009) and Breedon and Ranaldo (2013),
this paper calculates the annualized values of the mean in which the 4-hour
returns of the high frequency exchange rates are multiplied by 260 in order to
check the statistical significance of the time-of-day pattern in the means of
the exchange returns, and undertakes the two-sample t-test for the
acceptance of the null hypothesis of equality in mean. This t-test statistics
refers to two tail statistics on the difference between returns over a given
4-hour return mean and average returns over the whole sample. The test
results for the mean values of the annualized 4-hour period returns for the
three high frequency exchange rates are presented in Table 3.

By providing the statistically significant values at the conventional
significance level, the significance tests generally confirm the time-of-day
pattern in the mean values of the 4-hour period exchange returns of the high
frequency EUR/USD, JPY/EUR and JPY/USD exchange rates. For the returns of
the EUR/USD exchange rates, the USD(EUR) depreciate(appreciate) by 0.02%
from 16:00 to 20:00 when only the US market is trading, but the USD(EUR)
appreciate(depreciate) by 1.09% from 08:00 to 12:00 when only the Europe
market is trading. For the returns of the JPY/USD exchange rates, the
USD(PY) depreciate(appreciate) by 1.79% from 16:00 to 24:00 when only the
US market is trading, but the USD(JPY) appreciate(depreciate) by 0.83% from
00:00PM to 04:00 when only the Japanese market is trading. However, for the
returns of the JPY/EUR exchange rates, the EUR(JPY) appreciate(depreciate)
by 0.61% from 00:00 to 04:00 when only the Japanese market is trading, but it
is not so clear whether the EUR(JPY) may depreciate(appreciate) from 08:00 to
12:00 even when only the Europe market is trading since the annualized mean

is found to be statistically insignificant.
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(Table 3) Two Sample T-test for Mean Values of the Annualized Returns
across Time Zones
Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU EU/US us us
EUR/USD 0.2444 0.1924* | 1.0920** | -0.3042* -0.0214** -0.1170
JPY/EUR 0.6136™* | 0.1820™* | -0.6058 | -0.2548™* | 1.7576™* | 1.6770***
JPY/USD 0.8320*" 0.0135 0.4654 0.5720 -1.7940* | -1.1622**

Note: (*),(**), and(***) represents the significance level at 1%, 5% and 10%.

It is interesting to note that the trading influence from the other time zone
except the two counter-parties can exist in the case of JPY/EUR exchange
rate. For instance, the currency trading of the Euro and Japanese Yen in the
US trading hours(16:00-20:00/20:00-24:00) appears to depreciate the JPY
against the EUR by 1.76% and 1.68% significantly. Also, the trading activities
during the trading hours in which the two involved markets are trading
together appear to influence the returns of the EUR/USD and the JPY/EUR
exchange rates implying that two markets can be closely related in the
information transmission, but the effects seems to be mixed even though they
are statistically significant.

These results are quite in consistent with the papers of Ranaldo (2009),
Breedon and Ranaldo (2013) and Jiang (2016) who have provided some
evidence of the time-of-day pattern in exchange returns by using a
comprehensive high frequency exchange rates and presented that the pattern
is statistically and economically persistent and significant. In particular,
Breedon and Ranaldo (2013) and Ranaldo (2009) have supported the liquidity
effect based on the microstructure and behavioral aspects of FX markets. They
have found that the time-of-day pattern is strongly reflected in the liquidity
effect by the order flow of traders in the exchange markets for portfolio
management in which FX traders tend to be net buyers of foreign exchange in

their own trading hours making trading profits without any informational
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advantage by intermediating between different trading time zones. Thus, they
have suggested the importance of the liquidity effect and the order flow in
driving the exchange returns through a mechanism not driven by asymmetric

information.

lll. Long memory volatility across time zones in high
frequency exchange rates

This section investigates the long memory volatility feature of the 4-hour
period returns of the high frequency EUR/USD, JPY/EUR and JPY/USD
exchange rates across the different time zones. Figures 1(a) through(c) present
the realizations of the 0-4 hour period returns of the high frequency
EUR/USD, JPY/EUR and JPY/USD exchange rates. The 0-4 hour period returns
are all centered on zero but there exists persistent volatility clustering in the
all series. The extremely persistent volatility clustering and turbulence across
the markets can induce a heavy tailed and undefined variance of
unconditional returns phenomenon(Koedijk et al., 1990). In particular, the
volatility clustering appears to be more significant in the JPY/EUR and the
JPY/USD exchange returns than in the EUR/USD exchange returns.4) These

findings are quite consistent with the descriptive statistics in Table 2.

4) Similar graphs can be available for the other periods of the three exchange
returns, but they are not reported for the reason of conserving space.
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(Figure 1) 4-hour Period Returns of High Frequency Exchange Rates

(a) EUR/USD exchange returns

oO—=aHd Period Retur-mhs

(b) JPY/EUR exchange returns

OoO—=aH-d Period Returmnhs

(c) JPY/USD exchange returns

O—aH+H Period Returns

And, these finding can be confirmed by Figures 2(a) through(c) which plot the
correlograms of the first 4-hour period(0-4h) returns of the high frequency
EUR/USD, JPY/EUR and JPY/USD exchange rates.> The first order autocorrelation

and the higher order autocorrelations of the raw returns are inside the dotted

5) The correlograms for the other periods of the 4-period returns are not reported
for the reason of conserving space, but they appear to be quite similar.
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lines which represent the 95% confidence level for the acceptance of no serial
correlations indicating that the raw returns are statistically insignificant and not
serially correlated. However, the autocorrelations of the squared returns and the
absolute returns present very large and statistically significant autocorrelations
and they appear to decay very slowly at the hyperbolic rate, which is the typical

feature of the persistent volatility clustering and the long memory property.

(Figure 2) Correlograms for 4-hour(0-4H) Period Returns

(a) EUR/USD exchange rates
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(c) JPY/USD exchange rates
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The long memory volatility feature of the high frequency exchange returns
is very significant in the autocorrelations of the squared and absolute returns
of all the three high frequency returns and is more apparent in the
autocorrelation functions of the absolute returns(Granger and Ding, 1996).
The long memory volatility in the 4-hour period returns of the high frequency
exchange rates can be also found across different period returns and time
zones. In particular, the highly persistent autocorrelations in the absolute
returns appear to be more significant in the JPY/EUR and the JPY/USD
exchange returns than in the EUR/USD exchange returns as presented by
Figures 1 and the descriptive statistics in Table 2. Thus, this section
investigates the long memory volatility across the time zones, and explains the
relations of the long memory volatility across different markets and time
zones: whether the long memory volatility is only market specifictheat wave)
or the volatility spillover from one market to the next(meteor shower) as the
cause of the persistent long memory volatility.

For the analysis of the long memory volatility in the 4-hour period returns
of the high frequency exchange rates over different time zones, this paper

adopts the parametric ARMA(m,n)-FIGARCH(p,d,q) model which is consistent
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with the basic stylized properties above. The model specification is the

following;
Ve =u+ol)y,  +0()e ©)
& = Z,0; 3)
[1—,3(1)]@2 = w+[1—ﬂ(i)—¢(£)(1—[)d]£f @

where y: is the 4-hour period returns, ¢ and w are scalars, ¢(L), (L), B(L)
and @(L) are polynomials in the lag operator, and(d) is the long memory

parameter.

The parameter(d) characterizes the long memory feature of the very slow
and hyperbolical decline in the volatility process because the autocorrelations
can be decaying very slowly and hyperbolically. When 0 < d { 1, the FIGARCH
model can represent a long memory behavior and can be strictly stationary
and ergodic(Baillie et al., 1996; Baillie and Morana, 2009). But, the FIGARCH
model can be different from other possible forms of the long memory ARCH

models of Karanassos et al. (2004) due to the finite sum to its cumulative

q = 1, the model becomes the

1, the model would be the

impulse response weights. When d = 0 and p
GARCH(1,1) model; and when d = p = g
IGARCH(1,1) model.

The FIGARCH process is quite useful because when 0 € d € 1, the process is
so flexible enough to represent middle ranges of persistence which shows the
slowly and hyperbolically decline in the autocorrelations of the squared
returns. And, the associated impulse response weights also can present highly
persistent hyperbolic declines. The impulse response weights of the FIGARCH
process can be specified as, o%=0/(1-8)+A(L)e%, where for lags k, Ak=~k%",
which is basically the long memory feature or Hurst effect of the hyperbolic

declines(Granger and Joyeux, 1980; Hosking, 1981). Since the FIGARCH
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process is strictly stationary and ergodic when 0 { d { 1, any shocks can not
have any permanent effect. See Baillie (1996) and Baillie et al. (1996) for the
further theoretical details for the long memory process and the FIGARCH
model.

The ARMA-FIGARCH model in equations(2) through(4) are estimated by
using non-linear optimization procedures to maximize the Gaussian log

likelihood function:

.
In(L;®) = (72— In(27) - 1 Z In(c?) + &0, %] (5)
=

where 0 is a vector containing the unknown parameters to be estimated.

However, it has long been presented that most asset returns are not well
specified by assuming that z in equation(3) is normally distributed(McFarland
et al., 1982). And, the inference is based on the QMLE(Quasi Maximum
Likelihood Estimation) method of Bollerslev and Wooldridge (1992), which is
valid even when z is non-Gaussian. Denoting the vector of parameter
estimates obtained from maximizing(5) using a sample of T observations on

equations(2),(3) and(4) with z being non-normal by the limiting distribution of
®T is
720, —0,) - N[0, A©®,)'B(0,)A®,) ', ©)

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

Equation(6) is used to calculate the robust standard errors that are reported
in the subsequent results with the Hessian and outer product gradient matrices

being evaluated at the point.
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As presented by Baillie et al. (1996), the orders of the ARMA and the
FIGARCH polynomials in the lag operator are arbitrary chosen to provide an
adequate representation of the autocorrelation structure in the 4-hour period
returns of the high frequency exchange rates. After conducting several
experimentations, this paper finds the most appropriate specifications for the
4-hour period returns by using LR test statistics. The exact parametric
specification of the model which best represents the degree of autocorrelation
in the conditional mean and the conditional variance process of the 4-hour
period returns is found to be the Martingale-FIGARCH(1, d, 1) model for the
4-hour period returns of the high frequency EUR/USD, JPY/EUR and the
JPY/USD exchange rates.

Table 4 presents the estimation results of the Martingale-FIGARCH(1, d, 1)
model for the 4-hour period returns of the high frequency exchange rates. In
particular, the estimated values of the Q*50) from 13.09 to 74.80 in Table 4
are generally found to be small enough to accept the null hypothesis of no
autocorrelations in the volatility process and they present that the FIGARCH
model specified for the 4-hour period returns performs very well in capturing
the autocorrelations in the volatility process of the all return series. Since
there is no statistical evidence of additional autocorrelation in the
standardized residuals or squared standardized residuals in each case, the
chosen model specification provides an adequate fit for the 4-hour period
returns®. Thus, the FIGARCH model appears to be appropriate in representing
the long memory volatility of the 4-hour period returns.

And, the estimated long memory parameters(d) in the volatility process of

6) A sequence of diagnostic portmanteau tests on the standardized residuals and
squared standardized residuals could not find any more need to further
complicate the model following Diebold(1988). Their results are not reported to
save the space but they could be available by the request to the author.
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the 4-hour period returns range from 0.23 to 0.43 for EUR/USD returns, 0.33
to 0.45 for JPY/EUR returns and 0.27 to 0.38 for JPY/USD returns and they are
all statistically significant at the conventional level indicating the existence of
the persistent long memory volatility clustering across the different time zones.
And the long memory parameters in the 4-hour period returns of the JPY/EUR
and the JPY/USD exchange rates appear to be more significant than in the
EUR/USD exchange rates. Also, the estimated values are different across the
time zones suggesting that the FX markets may not be integrated fully and the
long memory volatility could be only market specific.

Generally, the long memory volatility is found to be the greatest during the
period of a trading day in which the reference domestic market is at the
busiest trading activity and the second greatest during the period of the
trading day in which the counterpart foreign market is at the busiest trading
activity. For instance, the long memory volatility in the returns of the
EUR/USD exchange rate is the greatest at the value of 0.43 during the trading
period of 16-20 hour in which the US market is the busiest in trading and is
the second greatest at the value of 0.38 during the period of 8-12 hour in
which the European market is the busiest in trading. The similar phenomenon
occurs in the case of the JPY/EUR and the JPY/USD exchange rates. Thus, the
long memory volatility pattern seems to be closely related to the trading
activities in the two main exchange markets(domestic reference market and

counterpart foreign market) involved with the exchange rates.
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(Table 4) Estimation of the FIGARCH Model for the Long Memory Volatility in
4-hour Period Returns across Time Zones
(@) EUR/USD Exchange Returns

Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU EU/US us us
Jr 0.0001 0.0003 | 0.0042**| -0.0011 0.0008 -0.0021
(0.0008) | (0.0013) | (0.0016) | (0.0023) | (0.0017) | (0.0019)
d 0.2870%** | 0.2317** | 0.3810*** | 0.2754** | 0.4385™* | 0.3503***
(0.0436) | (0.0566) | (0.0523) | (0.0526) | (0.0868) | (0.1908)
® 0.0001 | 0.0005** | 0.0006™ | 0.0013** | 0.0002** | 0.0010%**
(0.0000) | (0.0002) | (0.0003) | (0.0008) | (0.0001) | (0.0003)
B 0.7388™* | 0.6445™* | 0.7641** | 0.7215** | 0.8716*™* | 0.7624**
(0.0548) | (0.1037) | (0.0793) | (0.1208) | (0.0396) | (0.1404)
¢ 0.4457* | 0.4456™* | 0.5675* | 0.5527* | 0.6074™* | 0.4124***
(0.0766) | (0.1028) | (0.1014) | (0.1330) | (0.0598) | (0.1134)
m3 0.277 0.359 -0.201 -0.287 -0.192 -1.622
mé 5.472 5.097 6.027 7.791 8.658 6.175
Q(0) 54.690 48.523 41.848 47.497 42.858 46.092
Q*(50) 32278 | 26.869 | 34.324 49.624 18.554 13.001
LL 5702.492 | 4293.045 | 3294.373 | 2327.730 | 3562.307 | 5070.988
(b) JPY/EUR Exchange Returns
Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU EU/US us us
1 0.0000 | -0.0003 | -0.0027 0.0018 0.0048** | 0.0036™*
(0.0015) | (0.0017) | (0.0021) | (0.0024) | (0.0016) | (0.0012)
d 0.4528*** | 0.3657** | 0.4550* | 0.3301™* | 0.4291** | 0.4212***
(0.0664) | (0.0550) | (0.0458) | (0.0528) | (0.0962) | (0.0620)
0 0.0002** | 0.0003*"* | 0.0007*** | 0.0006™* 0.0001 0.0002**
(0.0001) | (0.0001) | (0.0003) | (0.0003) | (0.0001) | (0.0001)
8 0.7901%** | 0.8053** | 0.7118™* | 0.8249*** | 0.8672** | 0.7441***
(0.0497) | (0.0555) | (0.0577) | (0.0934) | (0.0795) | (0.1107)
9 0.4569*** | 0.5774** | 0.4135*"* | 0.6580™** | 0.6579*** | 0.4473**
(0.0597) | (0.0921) | (0.0641) | (0.1235) | (0.0856) | (0.1424)
m3 -0.130 0.091 -0.222 -0.130 0.083 -0.501
m4 6.508 8.473 5.996 6.984 10.932 15.188
Q(0) 48.332 54.423 62.710 32.591 49.220 57.991
Q(50) 37.473 | 65.956 | 51.780 | 62.608 74.808 23.515
LL 3222.855 | 2865.891 | 2065.779 | 1735.854 | 2980.786 | 3520.855
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(c) JPY/USD Exchange Returns

Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU EU/US US us
Jr -0.0015 | -0.0012 | 0.0021* | 0.0031 | 0.0051™* | 0.0048"**
(0.0014) | (0.0016) | (0.0014) | (0.0022) | (0.0015) | (0.0013)
d 0.3414™* | 0.2790™ | 0.3078** | 0.2777** | 0.3880** | 0.3148***
(0.0698) | (0.0928) | (0.0538) | (0.0516) | (0.1387) | (0.0594)
0 0.0003*** | 0.0003* | 0.0003*** | 0.0013** | 0.0006 0.0005**
(0.0001) | (0.0002) | (0.0001) | (0.0005) | (0.0005) | (0.0003)
8 0.6953* | 0.7984™ | 0.6735** | 0.6357* | 0.7295*"* | 0.4446*"*
0.0726) | (0.1335) | (0.0773) | (0.0975) | (0.1682) | (0.1961)
0 0.3644™* | 0.6086* | 0.3434** | 0.4366** | 0.5669*"* 0.1111
(0.0704) | (0.2344) | (0.0709) | (0.1056) | (0.1586) | (0.1731)
m3 0.011 0.421 -0.412 0.013 -0.043 0.320
m4 6.812 12.372 6.783 9.741 13.473 20.365
Q(0) 54.906 57.858 57.246 54.282 45.806 51.787
Q*(50) 35.324 27.208 43.419 66.594 13.113 31.197
LL 3595.248 | 3609.957 | 3531.188 | 2371.213 | 3272.925 | 4152.419

Note: The values in the parentheses are the standard error of the estimated coefficients. LL
presents the values of the maximized log likelihood function, ms and m4 are the
sample skewness and kurtosis of the standardized residuals, and Q(50) and Q*50) are
the Ljung-Box statistics with 50 degrees of freedom based on the standardized
residuals and squared standardized residuals. And,(*),(**), and(***) represent the
significance level at 1%,5% and 10%

For the comparison, this paper also uses the semi-parametric frequency
domain method which is suited to estimate the long memory dependencies in
the volatility process in the 4-hour period returns of the high frequency
exchange rates(Bollerslev and Wright, 2000; Phillips and Shimotsu, 2001). In
particular, Taqqu and Teverovsky (1997 1998) have reported the detailed
simulation studies of various semi-parametric estimators for long-range
dependency and find the Local Whittle estimator performs well in extreme
non-Gaussian cases. Thus, this paper applies the semi-parametric Local
Whittle estimation method proposed by Kriish (1987) and Taqqu and

Teverovsky (1997: 1998) to estimate the long memory dependencies in the
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volatility process of the 4-hour period absolute returns of the high frequency
exchange rates across the time zones.

Let X; be a mean zero time series with spectral density f(v;5) with -z {v { .
For semi-parametric estimators like the Local Whittle estimator, only the long
run persistence of the time series is assumed and the long run persistence
parameter is estimated. The semi-parametric Local Whittle estimator is based
on the periodogram of the time series. Thus, if f(v;) is the spectral density of
the absolute returns series, then the Local Whittle estimator only requires
specifying the form of the spectral density close to the zero frequency. The

Local Whittle estimator then minimizes the quantity,
1.8 2, 20 &
R(d) = In(=) Y [1(v; v, 1= ()X [In(v; )] ?)
m j=1 m j=1

where [(v)=QxT)" | S | vi | explitv) | “and is the periodogram of the

absolute returns series.

Particularly, for the choice of the values of(m), this paper follows the
method of Shimotsu and Phillips (2000) because the optimal method for
choosing the M value is not available. The consistency and asymptotic
normality of the Local Whittle estimator have been shown by Robinson (1995),
Velasco (1999) and Phillips and Shimotsu (2001) for various ranges of(d).

The estimates of the long memory parameters for the absolute returns of the
4-hour period returns across the time zones by the Local Whittle method are
presented in Table 5. The estimated values range from 0.26 to 0.29 for
EUR/USD, 0.29 to 0.30 for JPY/EUR, and 0.27 to 0.29 for JPY/USD, and they
are found to be relatively smaller than the values of the FIGARCH model in

Table 4. But they are all statistically significant at the conventional
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significance level confirming the existence of the long memory volatility in the
absolute 4-hour period returns of the high frequency exchange rates across
the time zones. And, the general pattern of the long memory volatilities across
the time zones presented by the Local Whittle method is also quite in

consistent with the pattern from the FIGARCH model.

(Table 5) Estimation of the Local Whittle Method for the Long Memory
Volatility Parameter(d) in 4—-hour Period Returns across Time Zones

Time(GMT) 0-4 4-8 8-12 12-16 16-20 20-24
Time Zone JP JP/EU EU EU/US US UsS

EUR/USD | 0.2776™* | 0.2645** | 0.2909™** | 0.2732"* | 0.2960*** | 0.2767***
(0.0079) | (0.0076) | (0.0076) | (0.0077) | (0.0079) | (0.0089)
JPY/EUR | 0.3006*** | 0.2965™* | 0.3055*** | 0.2952*** | 0.2970*** | 0.2959*"*
(0.0078) | (0.0079) | (0.0075) | (0.0077) | (0.0080) | (0.0090)
JPY/USD | 0.2907* | 0.2728"* | 0.2809%* | 0.2806** | 0.294G6** | 0.284G**
(0.0079) | (0.0083) | (0.0076) | (0.0077) | (0.0083) | (0.0083)

Note: (*),(**), and(***) represent the significance level at 1%, 5% and 10%.

These findings indicate that the long memory volatility of the 4-hour period
returns appears to be different across the time zones and only market specific
suggesting that the different FX markets may not be integrated fully, and they
support the heat wave hypothesis proposed by Engle et al. (1990) as the cause
of the long memory volatility clustering in the 4-hour period returns, which is
quite consistent with Baillie et al. (1990). Similarly to the time-of-day pattern
in the 4-hour period returns in the previous section, the possible theories for
the pattern of the long memory volatility across the time zones also could be
related to the asymmetric information and the liquidity effect. Following the
liquidity effect, that the general pattern of the concentrated trading volume
and price variability in the market specific periods can be generated because
of the interaction between strategic informed traders and strategic liquidity

traders(Admati and Pfleiderer, 1988).
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And, it is interesting to note that the estimated values of the long memory
parameters from the FIGARCH model and the Local Whittle method during the
trading period in which two different markets are trading simultaneously like
the period of 4-8 hour(JP/EU) and 12-16 hour(EU/US) are found to be
statistically significant at the conventional significance level even with
relatively smaller values and the findings suggest the possibility of the long
memory volatility spillover effects between the two markets(meteor shower
hypothesis) as if the markets perfectly and instantaneously adjusts to the news

when new information comes in clusters(Baillie and Bollerslev, 1990).7)

IV. Conclusions

This paper considers the important features of the high frequency 1-hour
EUR/USD, JPY/EUR and JPY/USD exchange rates and investigates the 4-hour
period returns of the high frequency exchange rates across different time
zones. Special attention is devoted to the time-of-day pattern and the long
memory volatility in the 4-hour returns of the high frequency exchange rates
in order to deepen our understanding of the time-of-day pattern and the long
memory volatility across the different time zones. First, this paper investigates
the time-of-day pattern over different time zones in FX markets by using the
4-period returns of the high frequency exchange rates and undertakes the
two-sample t-test to check the statistical significance of the time-of-day

pattern in the means of the 4-hour period returns across the time zones. The

7) Some papers like Dimpfl and Jung (2012) and Golosnoy et al. (2012) have
examined the volatility spillover across the stock markets in Europe and the
US and presented that there exist both the heat wave effect within the stock
markets and the meteor shower effect across the stock markets.
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results of the tests generally confirm the time-of-day pattern in the means of
the 4-hour period returns across the different time zones, which is consistent
with the theoretical explanations of the asymmetric information and the
liquidity effect in FX markets.

Then, this paper analyzes the volatility features of the 4-hour period returns
of the high frequency EUR/USD, JPY/EUR and JPY/USD exchange rates
focusing on the volatility clustering and the long memory volatility across
different time zones. For the purpose, this paper adopts the parametric
FIGARCH model and the semi-parametric Local Whittle estimation method.
The general results show that there exist the persistent long memory volatility
in the 4-period returns of the high frequency exchange rates and that the long
memory volatility seems to be significantly different across the time zones and
only market specific. Also, the long memory volatility of the high frequency
returns is found to be significant even when two different markets are trading
simultaneously as if the two markets perfectly and instantaneously adjusts to
the news when new information comes in clusters, which shows the spillover
effects between the two markets. These findings support the heat wave
hypothesis in the FX markets presenting that the long memory property could
be only market specific and also suggest some possibility of the meteor shower
hypothesis indicating the volatility spillover effects. In this context, the
empirical results appear to be in line with the theories of the asymmetric
information and the liquidity effect in the FX markets.

Consequently, this paper can provide additional evidence that there may
well be supportive of the main features, the time of day pattern and the long
memory volatility in the high frequency exchange rates across different time
zones with some theoretical explanations based on the asymmetric

information and the liquidity effect in FX markets. In this aspect, this paper
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can provide the increased ability to analyze finer details of the behavior of
different market participants in the FX markets since the two features are in
their own right importance in explaining the high frequency exchange rate

dynamics.
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A AFAE 7R 562.85F H = 30~60A QI thHIE HH 23%0] Eafoict.4)
TS A7t AFAE AT HE A ATA| =] 4005t A ofsht 90%E AFA[skal S
o, AloFg A7F AT AL 3087 Yofl T3 Ut webA EFAE E2 QI
o] k% 450|755 FS] oA Fotal Q= dAolHh
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2 HYARRL 7R 7He] FJHEUA] EAIR Qlof Ttk AoE, AiFo = H7tstal

AppIsio] e Aol FAATA 7199 7i5He] S AL Tk FUAT 7ol

pad

TE A FAl= HAA: 71808 FP4A] ekaglo R AgRtth= 3
oA Fasitt. AFAMolA A" EA] oFE Bl A== Sl Friedman
and Warshawky (1990)2 A|ZtO& Finkelstein and Poterba (2002; 2004), Doyle
et al. (2004), McCarthy and Mitchell (2013), Hosseini (2015) 5°] 9JoH, =
A= A €1 (2011) 5°1

AFHELE Yaari (1965)9] 781 973510 A5 7140 Sl ol E-stal A4
= AT 7I9EC] =41 €L 7Hdg o] A ek B4 LRI Yaari (1965)= QA7
A AELA] B =EH ool a8 SHiskE S8 Ak &S] dEe
(Annuitization)sh= 0] ] dlelgh= 212 o2& o= Hel vl itk F=re|A=
g ti&og Ag7ide] fatt digsrttol 2 4= Sl Aolth 124 ol 2ol AAsh=
ol Bl A== AE7IdAF 2 AE7Ido] BA] fith ol#fet AEHE(Annuity
puzzle)©l tigt trFst Argo] AAHEL} A3 9] (2018)= AFrd 9] oF5t o, A
Al 89 518 ofF 53 o] e 5] 1% BHo| AamEl] =2 2%
Qolojgtal A715FE). Finkelstein and Poterba (2004)0] w2 ZA19F £81=
o] AT A=A vlsh B 2 L] wize] APEAS A= Lht Z1E] AT

Q
#ETHE Bl YRS HPolA Hoh IHEE HAl 7|t 7 gyl
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4) 20189 & A duAEe B FE7E A APF diFEe ARISHL a(74.3%), Al
EH(12.7%), BE.0%) 50l L FE il a4, 2018W AuAS % £4 2.
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YA SAEFY] BRI} vpA “ARA =9 5 Yot FAAFY 87 =4
=¥E @A) yehd & itk

ojalo] AFHES Aok ofel Q102 ABIHAA LS HlFEslo] AF Fei= o
S 5 Y el AR =, SAVES 571, elslel wiE BEMAIRt g A1E, Aa
9] 854 BA Bo] AXEHAFES 9], 2018: Lee et al., 2018). °174% (2013)= 1|z
I} o2 UehEolA TaEls E2 FAAE 85 AET 5 s olRoEA FAIdAF
R HEE 1L A & 2ERES AR A EAIR Qlel 1199] ojgHlE X&)
of 3t 9ol FAIAFS FSI] otk A wEo] TAAFS ASoH] gFethe A
2 20079 FARRRERAL ARE olgste] Sejule] Qlof A< 717t
AFHESE AHY &= I=AE AFTAOH, F9% AHE EEo = Pt

Q1A ATt JAET AFHE BAE Aot oA IIAs 7Hdel 3
< & 82150 gt Bot AlUgt E4o] " st E5| vole} 7|t 5ol 7]l
= 71dell 9lo] ojEA| ZRgsh=A] AT o] Z85itt oo 2 =R AQIAF 7t
ol FFE A= 8201S T 7|8 SHOE B4 Aol ZiRld= 7l
Aot Yo7} Fa51A Z-ESIaL Qli=rt, Ho] W HeE A o], A 7
3, FEARI 7T ATAQ 7| =g 1] Zjo] 5 Al 7R U0l ZHo] GRS
FAITE 7iIdds 7Hlol Al sllE ol@jollw el Aa SR] AFoflA o] oA
W=AE AR IR} Sk Zlofth, 2 d1o] E4 fiido] B A4S JRldg Foli=
AAIR A ol “AFAE" 0= ggobH, WY ZiQlAg ek &ol8 ARSI
AAEIEE HIAES AeAET D Hiols BHR| AlAsEo] gl “Aard’
o= HolAFo] tjaAolc}, Bt ope}l AFH L tiFEO] Zpito] YFRpALe] F=A}
=3 PRSI Tl 7Rsskct. 12 EE e SASRGA AN E AP A
HRAg AASE] AT EHATT AJAASHT=L B, daAH)S Auidct
(Yermo, 2002).0) o]2{§t o]f-& 7HQAAFO] $:85 A3 tiF2] APAFE FAH
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5) Agdog 53435t R¥FE(Actuarially unfair premium)gtal FHE
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73784, 2018).

7189 =RME F2 AERAE B9l 7119 71 93l S vl 815

BT R, 2 =Rolke s RAt 831121 A=E ol-8sto] AA| 7IIAF 71
ojfo] JFE vl AQANES FAFH o EA5Iet E3t BTt o ko & o]
7iRIiE 7H =t At 7 g vIESt o] WEe] FRkelS BAsiglh 15t A
AT H-Ret TAE Aol AHY Ajo] AAF vl G izt 24
u, @37 0439] A9 o 8R1E0] /iRIAF B-fo] S nlXEX|of tigt £4
Atk fE|UEe] A9 ALS, A, B30 B, ol o5 QIAEY] B o
ofl el vlx)= Fe] the Bt ot o] et iRIAE =85 Aok 81k o
£ U2 vEole, BTt ol ek Wiro] E4S A=t OECD (2017)°f] o
L S AFSET B2 B AP B B XIEE ofet AL B w22
7P8 Q] g7} $AIAE AJE Afeo)7} thE y=hEol| His) w2 oo}, E3h 2 At
o] B7171 | g 2 (2019)0 W= o] tigt Q1AF eF7t AlolA 7t 34
Ueh7] ghzolln) 7HRIAF9] 428 Feiie AR Aoldt &= 97| wiizolch

B =70 2 thaat 2t ol 8 7dege S40E /iIdae] 7t
doll FEFS vAE 8217 AR 9] A5 A E. I E ASEAS A%
z3gof thet Agat $A) RSt dlolel g Attt VAl SR Axks Al
o} wRjeko 2 VoAl A2 9 AARES AAGHE
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o 7|, &) wEE A7 T Z3kAo] x| B} AR A0} )
580 (2009)= FRLeFHEAMY [ XPAE A2(2005)°] s Z2H(Probit) ZF-S
55l 71AES] 71 891 EAFICE =4 Aol w2, F3] 7|tjofgo] sofds:
£ 71T 71 FEol =oHle AoE Urhyth o] Aukg Tl IgAe dio] E4
She SR s B3 A Y] 71 Sold e Tl 71 ZEo] Rol= A
o7 vehd 84 Aik= A 5719 BRE F 0= st ofdho] -SEARY] it
& 9%, 7 FAE, L8 =¥ AgH| Fo] AT 7Hdell frejvlet FERE riAl=
[2lou, HjeAL ofF, Al 52 Ax 7ol BIRl= ] s A o= Ve 24
oA AREE HR=TRANES 200549 OfF AHOR RAREIL o}, RAL tiigo]
S04 o139] S F & FHYE|o] Qlrh= SIS AU AL ot AiQld=Ee] WA o
o] 55A1Eh= & AQIeH, AtV 5 Aa® DAl APTE Aol tiiies
Hig RS 8510 Aar s A6 ofgeh E3t 7)ol gt HEe
20054 ZALRARE APE] o] o] 59 g of| tisfiAl= 7t x} ijIAE 7H) 7+9]
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B} Ao WSrE AIAF 71 ol B2 A o= YR o] ¥ErE 7|
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ZRohs Ao 24S FaL vk £ A 7P 29 siddold A E B9l 7iA
= 71 ofrel 7dFdol] JFe vl 8918 EAgitks HolA tZdh oo Ha)
o] AehAQl At opet 7t 7§19 FARl 7|4y, 121l A 7|
o] 34 714 9) Zpo] Aot ARl 7Hlell mlRls Fae EAstglc) wiA]et
07 dd] A HPE U181 o g Ado] I 7Rl nRlE e B
S ofel =5t g, 2 A7 AU JIIGE 71 AR 8”I0] Aozt Y=xE Bt
AgF oz AnEelth o= g OFCD =7} FolM® Al 7R vtz
A 7] wiEol(Kaku, 2013; OECD, 2017), =3 &4] |7} Adof ue} +34]
o7 e & S Egt Aol
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HI

T 7ldierge] e ZiAEe] e 2 FEE B4 A4 1)= B85

Pension;, = aAge + X+ Tiy+ uy A1)
i=1,2,..., N, t = 2014, 2015, 2016, 2017

Pension;; = E&WH4(Dependent variable)Z 7Rl ¢9] t7] 71AF 25 2]
ottt 574 ] 8= Tl o Fe Ao gk 4= qlou e A viA SEHe
+ 7iQldEel 7Id=o] 2le™ 1, of® 0 Foitt o] H(Binary variable)o]t.
T WA S5 ZilAT0l 7HYE] & A Hiohe At HwE A5l

FQ Al dgez= Al 7HA] ¥4 B850 A, AERAE AAS 519
Aok A, 2Rlo] & A7HA] BEL Aojek= AR APTAH oIt A, 3
Rl Aol 4] ARl AT AR ARt A Aol otk ATARQ] ApFAF o=
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= BAA RS ZENEY F (4 2)5 B8 FHA AFFABH A

A Aol = FAATAY — AFAA YA, 42)

xR
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Arhgt 9 (2019)= F AP Apol& Fge|Aetal Aojs) o
Ho} Fobd ATAQ1 ApgIwof] Hsl #<lo] o Q& A& Aoletal AFzsh, ulo]
= 2Rlo] AZsk= AT ¥ ] AT 7FsAol w2 B9 Rt HidE
ARl AFFARET A AFFATo] 2, & 219 dliHTt ¥ e AA € 7hsdol
=2 A9E ol ALY AT(Longevity riskiE FYsH|E FHHVisco, 2006;
MacMinn et al., 2006).

X = Ageol9)o] 7IQ1A= 42801 I

ool
fiilo

7= WaEe] #E(Vector)ol™, T+ A
TAZE WESP] ol B4 Ak IS AP AR A= HvlHs(Dummy
variable)o|tt. & 501, AT kF-E0E AsiA 7Iiske 28Rl =
SEARE AIAISEO] o]f2 = 7hIRtTh 20158 B AidAFol FoARE A53A] &)

e AldsAe] Pz vhEeH, 4 siole =5 FH]o] Hitt 8742 AEM A=

HE0] AR Q1 HFoflA SAsHA 285, £ sfiofl TYch= He TS A4
7 A ¢ glon® AEE oH|shs HuHsE FAISK= o] YRFAoltHCameron
and Trivedi, 2005).

ASEA B2 S5t Hulied B9 23R (Logit model)S, HHwd 4+
EHEY(Tobit model)& S350t #2490 AR&E AFHE AL siduole o=
HERFS 28] 2 o= 5 71T 71 oL} o, =8 gl
T 71dl8 3t AL ATAR] 7t 20 s/l A4 Ytk Al wid
o A, FLR A= A7 F4s10] 8 Ao Halof wE S50 1

9) P R= FAC] AlESH= KOSIS HoJEHjo]2olM 2k o= 3lom, 1970 o|%F
WaEe Zh Aol Hish 7iefge] Sl
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= U HEE 7+ ¥po] WiEAo]l AoF mHdEFPe EELrt EoRIt
(Wooldridge, 1999). F&sI2ARt s de|o]E 2] 2ARZ|Z1o] AA] Ythe Ak 7= 1L
Hai3ieh. Eo BEHIEES 283t olfi= S50 Hlwrt Aldgel 71dst B9l
T = 7Rtk E ARl A EE(Normal distribution)E 7Hgsl7] 7] wi&o]
th. Wooldridge (1999)°4% S580] S5 A STAIANT BSE e Foln
= BBl o] A8HArt. E3F =9 F5, AB0IA AFT AAH TRt SHolA 4
9 2lo]7h 2 A, AR, 29H £4g80] 7] Wizl (4] 1= AE=E Uro] 24513
HEREEO 2(4] 1)9] w;, = QAN (Error term)°lH, at= Aol ZRIAF F=80] WA=

V& Ko F7g7rolr. B3 59 = A2 SAs X oF 7] 374A1 HE ot

2. 24 Xz

A 7|digrgol] et ZiQ1AE2] =8 FHIE B4 sl A sd 2 KNational
Survey of Tax and Benefit)2] 82}~112} AFRE &85t A 9 - AE A}
I BAske 8T & e ASAEE fHshA ERAIAE AT E(Korea
Institute of Public Finance)> 2008 A+E] Wid AHFERALE AAlof =t 10 £
AT0] 9 AR 5 SR 7iQ19] SR AFI RS skl e WEAmE A
Bl 2APT fdsith. AFEERARE Aot AZshs #R19] oV S 2 AldY
7Y ekl sl ik ERE-SHAPL ofd Aol tisfl st 7S A8 ¢ UES
‘Al Folst @A AHIEHE 7o R AldEe A4 S ndyri e £
7hdrgstal itk E3F A RAR= Ale WIS EE w3l et Aehgo] o HE
ZA} A o] BIs] S-Esk] wiizoll QIS EIRE AR AaE BA0Ke B YA+
SolA 28Uk

AP RARF 2008\ FE] ARFEIQANE, 21 7HIE k2Rl AR Aol thet A2 2014
Hof| H]=A AREQITE wepr] 2 Atolits AsidRAR] Al S ATl tieh dee
FSlelal Qe 7FY 2 A7 Zssie] 20146(8%D~20173(112h 2] AlwS E-851ck 1D

10) AsidRArel #=g Hoh ZAgE FEel Holge ol ErojAE F=xS & St
(https://www.kipf.re.kr/panel/).
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(Table 1) Variable Names and Definitions

Variables Definitions
Personal 1 if respondent has personal pension, 0
Dependent Variable Pension otherwise - -
In(Premium) Log value of yearly premium in personal
pension(unit: 10,000 won)
Age Current age in survey year(unit: years)
Age Séb;;gt;:;ni;fe Subjective expectation on the age at death
Age Difference Subjective life .expectancy - Ob?ec.tlve life
expectancy estimated from Statistics Korea
Female 1 for female, 0 for male
Gender
Male 1 for male, 0 for female
Single 1 if never married and 0 otherwise
Marital Spouse 1 if you are married and live with spouse,
Status P and 0 otherwise
1 if you are married and live without
No Spouse .
spouse, and 0 otherwise
Less HS 1 if noit graduated from high school and 0
otherwise
Education High School 1if gra}duated from high school and 0
Control otherwise
Variables College 1 if graduated from college and 0 otherwise
Self-employed |1 if self-employed, 0 otherwise
Employ- worker
ment by | Wage & salary |1 if employed as a wage & salary worker, 0
Status worker otherwise
not working |1 if not working, O otherwise
In(Equivalised |Log value of yearly equivalised income(unit:
Income- income) 10,000 won)
Asset In(Asset) Log value of the household’s net asset
Pubbc Public Pension |1 if has a public pension, 0 otherwise
Pension
Year 2014 1 for 2014, O otherwise
Year 2015 1 for 2015, 0 otherwise
Year
Year 2016 1 for 2016, 0 otherwise
Year 2017 1 for 2017, 0 otherwise

11) g 2 AgolA 201492 201490 ¥t AHAEZ

ZAHE AARE o] e,

oujsi= AR 20140 A&
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(Table 12 (4] 1] 288 W59 ol HolE Holzeh (4] 19 Xo] 4,
QU Bleisz, TR, A5 W A, 18 FAAF B WS ESIAC
=2 17U ARHLOR Wk WOR 7} ASS ARlasoR
WIS FESRAES BRIk A0 AP, A FELRAI] /XS Et 2k
of NS X7 24 Clmldich, BAGHT 71 ol FUAFT E4H T
74delo] 9o 12 Fofsh, 13 ROH 02 Hofat cluluisolt, FHAFE A}
Aot M2 Bl AL AL 2 k. FAARY BG ojRst el &
2] FFL E % W] W2 At
Aol 7idshe 8 o]§ F Sk 254 Badol] ] 24 pgort F
2 2591 304~50412 T Ahe Q018)] Tl AP el the el
A wate] whgste] Aaeigol Zidatet. 53] Wesdgo] c0Mel, A1
o) wAsEao] 55 Tofe o) BAThES 50T ofst ebge et ik
9 thet 2lskgo] 31 ORA 0 R 7 Atk dlof o] o] A oE
S A9 Qo] Rtk 212 Tefsto] 201 BAhelA Al2isteict. whajare.
2 A3 FUNE AT SAUSE B 915} BA S /17FE oRlet 717
Ao g7k eystck
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1. 7|=SH|(Descriptive Statistics)

(Table 2)= ASEA] 8 HE2 7IEFAIE HolEt. 7lesAe A dES
g3t o g o g JRsto] &St (Table 2)0lA] A MEQ] Wt 3t ol #A1H
¥, e 3T o b Batgke] ARlE st 4 AlFleE 90%, 95%, 99%
oA el 2ottt

T A I E 7IIES 8% F=olH, /s EYde Akt Bat 28.98% ¥
olct. 28.98%t U2 UZIUAHA] Zdt Azt Fd e BatgkolH, /A= 7HdARt

oz g uj ot A FUAS 356.97F otk &5AH
Ta5gAq0] 19 AS 2chks A Be 2245 e AF Faoido] 19 23
o] 2= AR /HdAEoIAM 3007t A ez AlEA] dEkE T 4 e, &
&571% olete] AR 4009 ¥ e AIAEA] sEhg W=tk 12 ol ¥ S
2 Al AAZA] E=A2 A ESHEEE JFet S i gieks S & &
At ST S Bl o, F] HAGE 7HIES 10%<] Hhd o442 6%l &3
Sitt. gohe HR A W2 33.73% 9l Hhd ofd2 22,167 Hos E AlE
Helt}. 24 tide] Bt AF2 45.68M1R1H], oI5 Ht 85.274°] AFgE Ao = 4]
oAl . =R Z2 SAES AP wed 20089 Ede] 7drE
76.2A1011L 9/d2 83.0M1= °F 7A| 2] o7k EARI. 20174900l § 2] 7IHi
go] 79.7Al011L oide 85. 7M1= 6Al Aot BRI o= Eshal W
85.52A0fl AP Zlol=al adstaL, o172 84.91M|0 AFgE A o= ofydsial Qo] &
313 FAdE0] ool vis o 2 BET Aol oldsial et AJE 7ol
Uehts A4 2F7= Adig 9 2019)°0M % FA= . At 9] (2019)= =4
3909 A7 Rl A3 7|diergel tidk AR 77t 24|, 53] AdEo] A &

12) ol B4t 717t dg=ls Weo=, 20209FEHE A=A g3t viet 2ol 34
7 SAF o R AFAE] tigh AEFA Tt 6005 o= ARFRAFE et
13) http://kosis.kr/index/index.do
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5 AH5ks 7Y 2% WS AT
T AT 2 ARGRIE 1H Aol A /gt o/ ZF e thEA] WERAL
Ut B SAPOl AlISSIAL s AR 7|disergell vl 4.774 § 22 4 Zo]
2hal SSSIaL Q= HhE oS 2512 1.484] o e AFTE ZlolkaL AiEstar qich
ojRt BF A At <] (2019)2] A A3t % At AR AT 9] 2019«
I

ox,
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3
>,
O,
L
(L
_O‘_(l‘
X
re

A 7H A2 (] Fhol, od2 S4(-)2] glol =&dt

A 30~59M1= I wheoll mlSAE 11%0 E3fsie] dii(82%) 2
&2 o] vl AR AL Lo, ui oA Qle AR B 8% W Tt 4
2 2L Addle v t=A YehEt, 992 2Esto] uieA Qe HISol 84%=
o/d2] 78%el Wl &2 Whd, o4 A& o vieAP Qls HISol 13%= E4
o] 4%°ll w5 E53] w0 T4 W S Hishe o] s 7H HIFo] 56%2
E3=T, ol BAOVES 30~50t= P57 dleo= ofsiEH.

(Table 2) Descriptive Statistics

i Total Sample Male Female
Variables
Mean Std. Dev. Mean Mean
Personal Pension 0.08*** 0.27 0.10 0.06
In(Premium) 0.45"** 1.54 0.54 0.34
Premium 28.98*** 163.42 33.73 22.16
Age 45.68 7.98 45.72 45.63
Subjective Life Expectancy 85.27%** 7.01 85.52 84.91
Age Difference 2.20%* 7.67 4.77 -1.48
Female 0.41 0.49 0.00 1.00
Male 0.59 0.49 1.00 0.00
Single 0.177%* 0.31 0.12 0.09
Spouse 0.82%*** 0.39 0.84 0.78
No Spouse 0.08*** 0.27 0.04 0.13
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Less HS 0.077** 0.25 0.04 0.10
High School 0.38*** 0.48 0.33 0.44
College 0.56™** 0.50 0.62 0.46
Self-Employed Worker 0.26 0.44 0.27 0.26
Wage and Salary Worker 0.69*** 0.46 0.71 0.66
Not Working 0.05%** 0.21 0.03 0.07
In(Equivalised Income) 7.81 1.30 7.83 7.79
Equivalised Income 3484.25 2592.16 3495.77 3467.69
In(Net Asset) 4.40%* 4.81 4.55 4.18
Net Asset 12439.39*** | 25345.05 13024.73 11598.86
Public Pension 0.77*** 0.42 0.83 0.68
Year 2014 0.25%** 0.44 0.27 0.24
Year 2015 0.25 0.43 0.25 0.25
Year 2016 0.25 0.43 0.25 0.26
Year 2017 0.25%** 0.43 0.24 0.26
Number of Samples 18,204 10,731 7,473

Note: *, ** ** indicate that the difference in mean between for male and for female is
statistically significant at significance levels of 10%, 5%, and 1%, respectively.
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(Table 3) Purchasing Personal Pension : Male

. Model 2 : Subjective Model 3 : Age
Variabl lesl] ) 5 e Life Expectancy Difference
ariables
Coefficient |Std. Err.| Coefficient il Coefficient il
Err. Err.
Subjective Life 0.0+ 0.00
Expectancy
Age Difference 0.02** 0.00
Age 0.00 0.00 0.00 0.00 0.00 0.00
Spouse 0.51%** 0.14 0.52%** 0.14 0.52%* 0.14
No Spouse —1.12% 0.44 -1.09%* 0.44 -1.09%* 0.44
High School 0.37 0.31 0.36 0.31 0.36 0.31
College 0.84*** 0.31 0.83%** 0.31 0.83%** 0.31
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Wage & Salary 0.96* | 040 | 097 | 040 | 0.97** | 040
Worker
Self-employed -0.24 0.41 -0.24 0.41 -0.24 0.41
Worker
In(Bquivalised 0.64% | 006 | 064" | 006 | 064 | 0.06
Income)
In(Net Asset) 0.14%+ 0.02 0. 147 0.02 0.14%+ 0.02
Public Pension 1.49%+* 0.22 1.48%** 0.22 1.48%* 0.22
Year 2015 0.21* 0.10 0.21%* 0.10 0.21% 0.10
Year 2016 1,624+ 0.24 1.62%+ 0.24 1,624+ 0.24
Year 2017 1,827 0.25 1,80+ 0.25 1.81%+ 0.25
_cons -1236"* | 075 | -13.30"* | 0.86 | -12.43** | 0.75

Notes: 1) For model 1, 2 and 3, Prob ) F = 0.000.
2) The number of samples is 10,731.
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(Table 4) Yearly Amount of Personal Pension Contributions : Male

. Model 2 : Subjective Model 3 :
Model 1 : Age . .
i Life Expectancy Age Difference
Variables S St
Coefficient [Std. Err.| Coefficient td. Coefficient td.
Err. Err.
Subjective Life 0.05% 0.02
Expectancy
Age Difference 0.06™* 0.02
Age 0.02 0.02 0.03 0.02 0.03 0.02
Spouse 2.25%* 0.61 2. 24+ 0.61 2,237 0.61
No Spouse -4.49%* 1.62 -4 34 1.62 -4, 35 1.62
High School 1.76 1.28 1.71 1.28 1.70 1.28
College 4,35 1.27 4.28%%* 1.27 4,28 1.27
Wage & Salary 4110 1.60 4120 1.60 | 4.12% 1.60
Worker

14) EEgOl 29745 814 A $E9% Y oAl 12 A8ReHMcDonald and Moffit,
1980). o% Soi, 10| FahHel Agalao] 9 4§ SR U o7k elo] 40)
2gro] 5% o F71ke o= BAEIy R sjdske Zlo] HISkA Woly EEX
% sk
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Self-employed -1.18 1.64 119 | 164 | -119 | 1.64
Worker
In(Equivalised L6l | 019 | 160" | 019 | 1.60™ | 0.19
Income)
In(Net Asset) 0.83** | 012 | o082 |o012| o082 |o012
Public Pension 634" | 083 | 631" |08 | 631" | 082
Year 2015 0.87 0.47 0.86 0.47 0.88 0.47
Year 2016 896™* | 1.19 | 891 | 1.19 | 894" | 1.19
Year 2017 9.99%* | 122 | 986" | 122| 901 | 122
_cons 49.12% | 3.10 | -53.61 | 372 | -49.47% | 3.11

Notes: 1) For model 1, 2 and 3, Prob ) F = 0.000.
2) The number of samples is 10,731.
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(Table 5) Purchasing Personal Pension : Female

. Model 2 : Subjective Model 3 :
Model 1 : Age . .
i Life Expectancy Age Difference
Variables S St
Coefficient [Std. Err.| Coefficient td. Coefficient td
Err. Err.
Subjective Life 001 0.01
Expectancy
Age Difference -0.01 0.01
Age 0.01 0.01 0.01 0.01 0.01 0.01
Spouse 0.11 0.17 0.11 0.17 0.11 0.17
No Spouse 0.17 0.25 0.15 0.25 0.15 0.25
High School 0.79™* 0.34 0.80** 0.34 0.80™** 0.34
College 1.60%** 0.34 1.61%* 0.34 1.61%* 0.34

\X/age & Salary 0.527* 0.23 0.52%* 0.23 0.52%* 0.23

Worker
Self;grﬁ?yed 0.08 0.26 0.09 0.26 0.09 0.26
ln(?gséﬁlei;ed 029" | 007 | 030" | 007 | 030" | 007
In(Net Asset) 0.15% | 003 | 015 | 003 | 015 | 003
Public Pension 1.14%+* 0.17 1.14% 0.17 1.14% 0.17
Year 2015 0.31* 0.15 031 | 0.15 0.30% 0.15
Year 2016 159 | 0.33 161" | 033 | 161" | 033
Year 2017 1.66%* | 0.34 170" | 034 | 170" | 0.34
_cons 961 | 079 | -857%* | 099 | -9.68"* | 0.79

Notes: 1) For model 1, 2 and 3, Prob ) F = 0.000.
2) The number of samples is 7,473.

(Table 62 %17} 7}QIoka WRAHS 710w ohe] Rleid 40 Wejg Elwd
of B AWE Molzth R AYNS] w2 BYI1-39] FEL (Table
3)~(Table 5)2 FUst], 24 A3 94 F447H AAAF 7112 oJulsh Eu
ol wjo FYsle. 5 Wt gl ol IR dle Aol M= 2ele] @A)

%, bl 7]chr, el A 7)o 52 Tefsh) o A0R Uehdtt,

S

oL
=)



o] Tl me 4 g 20 2y [EETE

(Table 6) Yearly Amount of Personal Pension Contributions : Female

Model 1 : Age Model 2 : Subjective Model 3 :
. - A9 Life Expectancy Age Difference
Variables
Coefficient |Std. Err.| Coefficient |[Std. Err.| Coefficient |Std. Err.
Subjective Life 20.06 0.04
Expectancy
Age Difference -0.06 0.04
Age 0.04 0.04 0.04 0.04 0.04 0.04
Spouse 0.66 0.88 0.64 0.88 0.64 0.88
No Spouse 0.79 1.23 0.69 1.23 0.69 1.23
High School 3,47 1.40 3.52%* 1.40 3.53™* 1.40
College 7.62%** 1.44 7.67%* 1.44 7.67%* 1.44
Wage & Salary |5 o | 109 | 2s4m | 100 | 2544 | 1.09
Worker
Self-employed 0.53 1.20 0.58 1.20 0.58 1.20
Worker
In(Equivalised 0.92%* | 023 | 093 | 023 | 093 | 023
Income)
In(Net Asset) 0.75%"* 0.16 0.76™** 0.16 0.76™* 0.16
Public Pension 5,28k 0.76 5.209%* 0.76 5.29%* 0.76
Year 2015 1.33* 0.75 1.32* 0.75 1.31* 0.75
Year 2016 7.84% 1.65 7,94 1.65 7.92%** 1.65
Year 2017 8.29%** 1.69 8.47+* 1.70 8.43%* 1.70
_cons -45.46™* 3.76 -40.63%* 4.75 -45.63%* 3.77

Notes: 1) For model 1, 2 and 3, Prob ) F = 0.000.
2) The number of samples is 7,473.
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Abstract

This paper examined determinants of demand on personal pension,
focusing on the role of three age factors such as current age, subjective life
expectancy and the difference between subjective life expectancy and
objective life expectancy. Considering that factors determining pension
demand may differ by gender due to economic, social and cultural factors, the
analysis was divided into gender. Regression results present that current age is
not significantly associated with personal pension among men. However, men
are more likely to have personal pension and increase personal pension
contributions as they have longer subjective life expectancy and their
subjective life expectancy is higher than objective life expectancy. For women,
three age factors do not play any role in making decision about personal
pension. These results imply that adverse selection may present in annuity

market in that men use personal pension to hedge longevity risk.

% Key words: Personal pension, Subjective life expectancy, Objective life

expectancy, Adverse selection
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