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Abstract

Purpose - This paper analyzes the market efficiency focusing on the long memory properties of the
domestic futures market. By decomposing futures prices into yield and volatility and looking at the
long memory properties of the time series, this study aims to understand the futures market pricing
and change behavior and risks, specifically and in detail.

Design/methodology/approach - This study analyzes KOSPI 200 futures, KOSDAQ 150 futures, 3
and 10-year government bond futures, US dollar futures, yen futures, and euro futures, which are
among the most actively traded on the Korea Exchange. To analyze the long memory and market
efficiency, we used the Variance Ratio, Rescaled-Range(R/S), Geweke and Porter-Hudak(GPH) tests as
semi- parametric methods, and ARFIMA-FIGARCH model as the parametric method.

Findings - It was found that all seven futures supported the efficiency market hypothesis because
the property of long memory turned out not to exist in their yield curves. On the other hand, in
futures volatility, all 7 futures showed long memory properties in the analysis, which means that if
new information is generated in the domestic futures market and the market volatility once
expanded due to the impact, it does not decrease or shrink for a long period of time, but continues
to affect the volatility.

Research implications or Originality - The results of this paper suggest that it can be useful
information for predicting changes and risks of volatility in the domestic futures market. In
particular, it was found that the long memory properties would be further strengthened in the
currency futures and bond rate futures markets after the global financial crisis if the regime
changes of the domestic financial market are taken into account in the analysis.

Keywords: Long Memory, Variance Ratio, Rescaled-Range(R/S), Geweke and Porter-Hudak(GPH),
ARFIMA-FIGARCH
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R
F &7 (Efficient Market Hypothesis)2 F2AFo|U F8AF oA Aa14S s 713
g A e olE Fo shtoltt D H&AgrPdel wEH dAAle] AtES HAG R} HAf
o]g-o] 7}t BE FHE 2&3HA L2l FgstA wkdsta ok, Osborne(1959), Fama(1965)7}
A7 o] el WY =7 (Random Walk Hypothesis) S o]202 A#slgict, o]of wh=
HARRE A 7 (L) o wrdso] ARt vg 4e diste A4S dEo] Age
ol F7HHQ ARE FEA| Beths ROl E[ P, | P, Py, - |=PF). dg$)arido] A9
P dAgsk ddS 7R gAo|A] gkown HAe] Fre} nleje] 2 HA Atolol= o'
glofof gt o]#st WHAIAARAL FHAFAA AA7EE ol H3A AAE gl
ARIMA(m,d,n), d=022 449 = gthe AS on|sth(Nagayasu, 2003).

71719 (long memory)ol& AlA|Hol| FAo] WA= A A7 daserE A8 gaste o
W7} 4713 A&EE A oulsitt, olgjg A7V 42 iAo AAH wsl e o oigk
83 o]249l 72E AT b FAEe AxEE ) Z7)71)e] EAdo] gt (d = 0), A1
H] &84 (market inefficiency)& BAFE= S78kal & 5 Qloh, whefF F4 $og0] 47179 £4&
TG F2 £UES & & Qe Ag 9wshy] wlio|th(Henry, 2002). Qian and
Rasheed(2007)&= 47171999 545 wol 7HAIL e AFLFE v 7H4ES 2o & oS58 5
AtheE A TA.

2% A A7 A6 g ATE T2 AR FEAE, 53] v FAAE oAt
S Falog AZFRAM o] o]Fo|A] gHDing et al., 1993; Crato and Lima, 1994; Ding and Granger,
1996; Andersen and Bollerslev, 1997; Andersen et al,, 2003 etc.). HZ o] A& F2AF
gt 71719 &6l gk ASEA AFAFE] AAEIL Q. Tolvi(2003)E AR 21 &
W ASAFLAFE G771 o] waEe ol AIAET o v EEHQl AS ofnfgitta
T3S}, Cajueiro and Tabak(2004a, 2004b)& 218 FAAPEAA A&AA7ME-& FAsH= 4717
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o &Ae] F712 w78kt Hull and Mcgroarty(2014)5 A& F2A 30 A71719) £408 whast
3 A (advanced) AFAIF o] thE duk(secondary) ASAIAHG AlFEEA ] ¥ v AHE
AASL Ak, 25 - AFE(Q014)2] AFAME A&, g T 5 ofAlo} FAAIF] WEA
71719 &0 EAste Aez2 BN HIA.

U 2

Ao ANEAAS AT EHEL Bol JEd, 524 FEde Az A7 $40]
el A] ekgkA|gt, HEAdlle 7171 &Ao] s EAldts ASEA d7Ee] A EHL ot
(ZAF, 1998; o]x& <], 2002; Kang et al,, 2006; Q& €], 2007; @A - o]DX, 2007; &34,
2011; H2t, 2014). o]l vkl =l AEAPFel g A7)7] A% AFasAdS A5l e
ATEL oY 9](2004), FENFE - o]HL(2015), FEE - o]42](2015) Fo] tHEZ
H)3) duiFoz MEAF ] gt d77F 853 Adstoln), ool uhel I MBI A )
A= Qe F7ARAE, Ady] AAFeE, 45 5345 Fo i AALE 445 149z}
e Toll tisiMs F2AF e b3 ddEoz A AAE dEA YA e FFolta & 4 i),

ol Holl Zetste] w=olE Il LA AHEHIL v FIIAFAE(Z 292004 F,
F2H1504 %), FAFHEEEIAXE, 108744 E), BB E, dXE, F248)
o tist 71719l 4% AFEEES BAstaA) sk, vkl Ul EAF o] F7]71Ye] &8 7HA
A e AR o4 oA B8E0 Ao R Priet £ S Aolth W E I MEAIAo]
A7171909] £4E 7HA Qb BA L HRE o|&3e] wee MEVIE HEE S A4S

2]
}él

&

1) E8AA7de oF8(weak form), 748 (semi-strong form), 23 (strong form) E&AA7MR FA] 7R 2 FEHc 71&E
S B kAo g iR oFy S&ARMES ASEASEA glon, B =ReME S AEAGY] S8/ ek £42 oF
B BEAPIMES AF) o7A AT 58432 APl oW AEIF fUEHE w2 AR ARt Fgatar Algsl
vlodEl= AL onjsh= Aol &&4(informational efficiency)S waic},
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Al intra- products) agla HAE
7+¢] (inter- products) A717199] &AL vl - ZAse @, S84 TEHsk(regime
changes) AMHS A5 AEAFe] F71719 &9 wstE BAsta Slot. of2dh #4412 Salx =
Ad=rlde] 71424 5 Wl gefjot gxas FAHeR ot dSsl=t] Bt #-83 RS AF
& Qo Aol 2 dTel onrt i
olF B =] AL vt 2 wiA Xc}oﬂ*i B ATFellA] o] 83tal e EAHES AEEa,
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Mgols] AAse A9sa, Vgols S AEAge elgst WEAe) AAL4 543 4717
o £4g AFL 1 BHEHE =ojaiv) ume}g_a VA Aol AR AAEE ANET

A717192 dukd o g AlAde] uxp g Z(higher order correlation structure) 2 A= 4= )
TAAeR AHEE F7)7) o)t Ade Kol ARl AA D= vh2A] AlAKE) el

J3-8t= 217 (autocorrelation) p(k)7F w9 H23] ZFAsh= A& A (persistence)S 7FA&= 34
< oujgit}, ol A(1)F Zo] HAHE 4 9l

L L
1
T
:L

le(lﬁﬂﬁom n— 0o (1)

k=—n

gk AlAPo] x}Redaba} (1 — L)%l W} ARMA B30z AuEd d x5z ARt 53s)

vl o|& I(d) BAelEta g}, A7)719) £4E HXE AA G X} ]%%ﬂr% o] A&Ae] EFHE
BAQ I[(d) 5 war), oejd AR FgL Al AAD Ao [Asksly] 98 2] (2)9) o)
ARFIMA(fractionally integrated ARMA) 28 o2 Awst 4 o}, L& Az G212 Yehln, d=
WBFAHE Bpoly e Qakag ofulgitt. o] iE %Oﬂ’ﬂ AR B ofy 2(3)7 2ol 8T
4 AUt

e, ~ iid N(0,07) (2)

-0 =3 () oy = S0, 3)

j=0 Jj=0
A7 71719 HAH L Bk Bp d7F 19 22 A5t oid 2 3¥HE A5 g
ek d=1o|d @92 FA oz JIs| AT glon, d 0°ltq 7&1 2l ©7]7]<9(short memory)

HAo g AyEc}t, BH5aE B4 d7F 0<d<0.59 A7) A=A °l(€tat1onary) 71719 A 1d],
ol H AU AlALe] EAH F717e &4 I JEA kA & 4 Qi) kA, 05 <d<1
W9lel 3lem 178242 (non-stationary) 471719 #pgo 2 Helsn, A7) daasrel 2 Fejrt A4
ARl 271719 ARG =gARt Ar|H oz P d]H BEE 7R —0.5 <d <09 Bfole 9A&
J(anti-persistent)S Ho|= 7|71 A1, 44 @771y FAg B} 27 dasae] vhgo] 34
YelA I 236 tat Wiy} sto vk Jehbx] @1 v dakoa v argEt) 2)

ol FAAD B71719] S BHE TP QNHAl B Bl Shke ERAH S e

2) ol&lgt A7]719] Aol thEk B} Al Ay} F AL Beran(1994), Baillie(1996), Choi and Hammoudeh(2009) &
< g 4 Qi
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mi-parametric method)& o] &3l= Aot} B Afor s F243 EAUHOZ Variance Ratio,
Rescaled-Range(R/S), Geweke and Porter-Hudak(GPH) 73 WS 0|83l l&=d], ool thdh
AN 7Has] sk o2t 2

WA Variance Ratio B|2E+& Lo and MacLinlay(1988)7} #ot3t Hb o 2 AJA| G o] Aa#A7}
iths AF7PdS AAsHE ZAolth. AR o]&ue A VR(g) &= 1717 £98 &4t g717td
et FAEd g H3I SR v 249 2.

Whek AIAIG e it} ko] M2 FHA WA FUg A4S Hols BEE VIRITHA, E4H]
VR(q) =10] Hojo} gt} o3t 74-¢ A7l AA L] FadA7} goks AF7Hde
FN719e] £ AR vt dAE 4= v}, v VR(g) <19 ZSdle &9 AAE 4uaA,
VR(q) > 191 Aol %o AAAAS 7HA ok AL ovgth(Darrat and Zhong 2000).

Rescaled-Range(R/S) 74L& 717 duta] ol Bavlyd F-o] dhtel Hurst-Mandelbrot -Wallis H| 2ES
o]&git}, Mandelbrot(1971, 1997)& R/S A7o] A7 d#EA, A& 74 5 Huh 943 AlAEe
71719 BaHolgta dWsta k. R/S BAIFEE o 2(5)9 £},

1 Maz k — Min u —
(R/S9), :Z <k nt;(rj*rn)* _ E(thrn) (5)

7

o = L3 1) ©)

"4

2(5)elM 23 <te] A WA 2 HolMRE ] A HA k EFAA} gk 72 F(partial sums)2]
HYAE ofujstar, T WA 2 o] R o] HAXE oulgitt, o] F Fhe] AfolE 49] WM el(range)'2}
o 2aH, olgd WHow AXNEHE Rescaled-Range #el (R/S),2 %59 e zrer)
Rescaled-Range(R/S) AAYHE AAIGe] AHEEE 7HgsIA gton AAIEe] E2371 d2lA A
e AtolE EXo] 7hsstvhs Aol Stk shARE, @171 Ao Rizksial B AlA Dol
Aot At @717193 47171 A4S sk Kekrhs Hlte] itk oo Wt dE A1 R/S
AR A vehs £A48E 7783 Lo(1991)7} Atsk Modified R/S HAS Ald¥ste] 235 Bl
3 & dart Sl

4, GPH A4 2a-dgo=adl RG-S o]&ste] 7|71y Bg dE F43k= Geweke
and Porter-Hudak(1983)0] 7H#gt £R42 24 oot GPH 473 the (7a)2 B8 =HE 21-9¢
A= IARYES o]g3te] ALtdE

InZ (w,) = B, =—d x1In4sin® (w,/2) + ¢ (7a)
1 t—1 .
L (w,) = 5|7+ 22, y;c08 (wy < 5) (7b)
j=1
27\
IUA:LT7>\:172’37"'79(T) (7C)

A =Elx, — ][z, — x] (7d)



T AdEAEY 71719 Ao agdel A% A7 259

GPH #4 Alell= dgloj=a 3 (periodogram) 7T°& 43| A43fof 3=, ko2 0=0.59
A 7 Ee A7 Yeide Aoz A k. B AFeM e dl9Z(bandwidth) kel wE v|2E
Al a=0.6, a=0.7¢] A= A FH3tA At

AAE A5 ] A7N79E ARk FRFA FAUHES AAE A= @179 $45 vEhl=
A5 Aol 7L F vk olol| whel ] AEAPEe] FelE vlsAd gk 4717 £48 Al
B8 £ e BFel FAHY (parametric method) 2 ARFIMA-FIGARCH X238 o83t}
Baillie, Bollerslev and Mikkelsen(1996)& GARCH 2 &g #3le] FIGARCH(fractionally in-
tegrated GARCH) 23S #|¢t8}ich. FIGARCH(p, d, ¢) 28< tha 2(8), (9)} o] BAT & 3l

r, =u+eg, where g ~ N0, 0?) (€))
B(L)o} =a+[8(L) —¢(L) (1 - 1) ©)

1A of & wAHE ellsn (L), BL)E AA p, qel ThakaolH, e,
d=1 o 1(0) %] GARCH(p, q), d=0 o] 7(0) ] IGARCH(p, q) =&z}

rir

AFolet. 4(9)olA
re gyl B, @

N

B
gl tat 471719 AW FIGARCH(p, d, ) 23& AAG Baol tigh 471719 22 o

2 283k B3| ARFIMAZ}TL 3 4 9t}

B =8o =7 g i(Korea Exchange)ol] A= o] ol A2 (futures products) A A7}
st o] FAAL Y Z2T2000E, ZAH1504E, 39 FAAE, 10d FAME, vmEeAE,
AHE, FEAES dFe ‘ﬂ”o} ek 2 =2ollAl o] 8H A=} #4713k (Table 1) o AA|
=o] it} AEAGe] E&Aol tist Bk WEs AFRAE s 4 ddyiREe S MEAE
o] i 2019\ 124 309714 AA7IE g2 shlon, EMAms g el
A gsts 4L AE I eld. 7 Ak 5 B84 l%j% duba o2 gl (unit root)o]
Aok EFgEH /‘lﬁloﬂp— EAL /A EE I As5(P)e 23 49 (ogarithmic retumn)g ©]-8-3f
Ax¥stdek(y, = In(P,/ P,_)*100). 3, 22450l Al % Xo]'% Z7)oE dirde s {54
of 77 o] FolAA| G A7t FF WA o™ At ek A e Al
7Pt Al F7kek FLEA dehA Hug E4 A7)l 7Hd A (spurious) 71719 o] A7}
E%‘ & ok, wheb HEAYTL o] FolAA] gkol AEFIPL WEEA e Aol T AU
A A AuE TFIFALD

Table 1. Data Sample

Classification Products Time Period Observations
Stock Index Products KOSPI200 Futures 05/03/1996 ~ 12/30/2019 5964
KOSDAQ150 Futures 11/20/2015 ~ 12/30/2019 1007
Interest Rate Products 3-year KTB Futures 09/29/1999 ~ 12/30/2019 5001
10-year KTB Futures 02/25/2008 ~ 12/30/2019 2308
USD Futures 11/11/2002 ~ 12/30/2019 4245
Currency Products JPY Futures 05/26/2006 ~ 12/30/2019 3285
EUR Futures 05/26/2006 ~ 12/30/2019 3270

3) 1095408 62478, A& 7778, FEAE 927 Hde] A2t #5A|elr AA=ACE,
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(Table 2o Aug S A=AFe] Solgol et 712FAFe] AAHe] gk, WA 508
BEgEe BH BF 0%l A7H, 2Au2000%, 33FANE, 109FA0E, ANE, AR
Fo] FO}BE Mo|x, TAHISONET nFGNEE o £BL Uehln k. w3 5

FANES ez WMEAo] Be lor AHEY, dwe] Aol 22920088, 2
B, 3dsaidE, 2] 5o g Btk 53] 39 E A9 Aol ol ol
el 7 2 AR veht #E] FAlo] AafwErt 08X Wgew A7 A9l 4
ZHAAL Sl BEE Hola Qlv) ol SR 8972 S48 Felstete] WS o]F AT 4ol
A AB7E FEo] A&H] gtk 1L ehalEla ginh, 8, BE Alg oA HE ko] =

o, Jarque-Bera 74 A% IuU A& & ARE BT AFEE JUE Holx] o=t}

[e

Table 2. Summary Statistics of Futures Returns

Mean Max Min SD Skewness  Kurtosis Jarque-Bera
KOSPI200 0.0155 9.5311 -14.871 1.9191 -0.2198 4.8723 5834.6%*
KOSDAQ150 -0.0373 5.6935 -23.155 1.7707 -2.6392 33.029 41395%x
3-year KTB 0.0028 1.2755 -7.9865 0.2168 -10.829 382.81 29942000%*
10-year KTB 0.0135 13.656 -2.6473 0.4321 14.089 452.01 18767000+
usb -0.0004 4.8786 -5.1281 0.6443 0.1621 10.138 17712%x
JPY 0.0079 11.426 -7.3425 1.0036 0.7963 11.381 17879**
EUR 0.0001 8.9122 -15.201 0.8578 -1.5686 45593 282750+

Notes: 1. Kurtosis means excess Kurtosis statistic.
2. Jarque-Bera test show logarithmic returns are non-normal.
3. p: **<0.01 and *<0.05.

v, AFTEA 2%

B FolMe Ul AeAFe] 7tAAAS HEl FEE 2o AREoR ARy 9l dE871E
FolET WEHoE FiEste] BAgth AE AL g Bt AHE AHY 22 U8
o] g3lal, MEAL T8 g MBsA AEY Udptos dntron AL EE 21 Folg] AF
(the square of logarithmic return)& AF&-3FATEY WA AAGAE ] 477199 £43& olF3}7]
sl AAEAIF L] A7 VFRREA S B A PIRESE AR, S AEAFY] F)71d9 AFES
A BAS 98 FE4ZE FAWH o ZVariance Ratio, Rescaled-Range(R/S), Geweke and
Porter-Hudak(GPH) 77 WS o] 83kal, B4l 3 o 2% ARFIMA-FIGARCH 28& A
shef EAghtt,

4 o o

L AIAEe] A71719 54 #4
1) BHel2 88

7P WA Sl AEARe] FolER WEde AAEH 5oz AUV S 24 S8l

4

ful

e Beld ebdon Solg wEAel >
T, £ AR AW A
Andersen et al, (200D F237] vheit, ¥ Aol 2709 43S o) £ Aigel IS AT AFEN Pae
olg3te] HHT Ak £E AT e wHANS A WebaA) Agkes Belsan

A2 2 £AE AFek(squared return), =& Huigk(absolute return) Fo| AR
T99 FAAZ 7P AHdsiha dEA el AAE due oldl oidk e

to




) AEAge] A7) A BgA #ek g7 201

golE AAL &Yt v E4] oF2 391ty 93] ADF(Augmented Dickey Fuller) A7
KPSS(Kwiatkowski, Phillips, Schmidt, and Shin, 1992) #4-S 2Ale}¥tt, ADFE= ©@-¢o] k=
AF7HAE Ak 7P dubA] WHoln, KPSSe AlAIge] 43S HAA3te Holoh, 53], KPSS
ARHEL AAE A57F b Holtte ARV HAdste s, vhek ADF A4 ¥ KPSS A A#r}
B AP ARshe A9t oW Afole AAY AETt A7) £4E 7Rt AS A
sit}, o]#f3t o]f+= KPSS HAwWHo| @771 (short memory) #8-& 7}A3FL 317] wlEo]th(Su,
2003). olol wiat ©hl HAT A AL AAE A5 A7 £45 AHE & e 7838
712430 o] & & ok

(Table 3) o =] HEAF] 28 2 HEFAol| gt ADF 2 KPSS A A7} A= Q).
o HE 598 g ADF AAAHE B 1% §o5FdA] BT AR/ o] AREe] Tl
EA8HA] ¢k Ao =Z YePHT KPSS AR A ML 5 AF7Hd o] e o] ADF 2o}l FUsiil
AAE A57F e Aoz yelit) kxRt A8 HE Ao v ADF AAAT = 1% F-2FFollA
chejo] EA3HA] ke Aoz yehdA|el KPSS AabolMe 1% ool AF7ES] AAE A=
9] egdo] BF ARETE o|2fg ADF ¥ KPSS A4ANE 3 siXetd, A& e 8IS
HAIAL A ¢k FAHHR AAY AEE A B 5 AT, AE A5 BS9SRI AE
A FAl AAIE 2h87F BIASIHA 717199 &85 7HAR lvta B 4 Q)

Table 3. ADF and KPSS Tests

ADF KPSS
Panel A, Returns
KOSPI200 -45.086%x* 0.065
KOSDAQ150 -24.166%* 0.121
3-year KTB -39.604xx* 0.069
10-year KTB -27.806xx* 0.044
usD -36.890%x* 0.045
JPY -34.307*x* 0.098
EUR -37.039xx 0.045
Panel B. Squared returns
KOSPI200 -33.275%x 1.608%*x
KOSDAQ150 -12.894%x 0.57 1%
3-year KTB -33.912xx 0.990x*
10-year KTB -23.663%x* 0.359*x*
usb -20.998%x* 2.333xx*
JPY -23.124xx 0.839xx
EUR -26.398xx* 0.507%x*

Notes: 1. ADF indicates the Dickey and Fuller (1982) unit root test.
2. KPSS indicates Kwiatkowski, Phillips, Schmidt and Shin (1992) stationarity test.
3. p: **<0.01 and *<0.05.

T AEAPZY] #7719 £48 A74#F 4 (autocorrelation function)E Bl &ele

t} olE Auie AL U AEAde FEd wEEe 548 B A olssle Hlol =%l

T 9t} (Fig. D& U A& F&7 "HEA g A 3ATFE BofFa ok, 94 A&

g AV dHTTE B BE AdEo] AaF 1-3abellA] 27133e] #AI7F F430 AREAIAL Sl

At e WEEE BT FAE AFwte g A7 dadasE 2 103 o] Follw A7) 3de
L

32

H
A7k A% 47171909 G4l e ek, FAAFAES BH m29]2004 5] A7)
FEs0dERT H 27 293 o el A%Hn o, AR AReAE 33T Fe] 109

Lo ok )y it
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SAAERG 2 4713 BAZE U odEel vehta qrh 99, BaiEelE Rge R
471719 B4e] 7bg 27 tehta gl

olelgh vk FAAeIN Blnzel AER WEAe] FF oJulvh Qe A% FdshA F) A8A
Aol olMw Aol WEAHS ol &3l 24T ), 53] A7)/]jclehs AR B AT
"ast deke e Ak ol

Fig. 1. Autocorrelation Functions for Returns and Squared Returns
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2. 7 8 HEA A7 B

A

1) Variance Ratio Z%X

Tl AEAG] olE 2 HEAG st A7 48 98 £R4E FFUHoE Lo-Mackinlay
Variance Ratio Z#4& 31912, (Table 4) o] A ZAFV} AAIH] vk, FRFH EAWHOR 7]
7192 BX3alE A9 bandwidth el whe) duld oz Helyl ZA18 4 917] wjiol| thekst band-
width(n=5, n=10, b=30)& A3} t}t. WA 4| tjgt Variance Ratio ARZAI= 77 A& =5
FBBAATE EABIA Gethe AFTHES T14sHA ¥8ith & AE T g REATE flof A7

~

o] %24< 7HAA) eFEtha @ & ink, SholA] B48 ADF % KPSS Ak A7 deghs 2 dvtst
2= o]q.
T

dx)she Aoy A& FAEde WAR A7 SAo] YehuA| g Aew &2
3HARE W E /3ol thgk Variance Ratio AR AT oA = 1% FrofFFolA 770 AE =

globe AR7Pde 7178k lEdl, o8 bandwidthE 13k A&die &

olggt A= AE wE el gk ADF 9 KPSS A4 Ap7143dgs 44745 AA$HaL o,

U AEAFe] HEdde F717199 Ao vke S BHolFal ot

Table 4. Lo-Mackinlay Variance Ratio Statistics

Number of Period

n=5 n=10 n=30
Panel A. Returns
KOSPI200 0.9936 0.9019 0.9471
KOSDAQ150 0.7691 0.7818 0.6848
3-year KTB 1.0247 1.0293 1.0976
10-year KTB 0.8429 0.8706 0.8208
usD 0.9123 0.8207 0.7073
JPY 0.9613 0.8927 0.8757
EUR 0.9012 0.8207 0.7073
Panel B. Squared returns
KOSPI200 1.8893%x 3.0739%x* 7.1907 %
KOSDAQ150 1.37471%x 1.9837*x 4,0871%x
3-year KTB 1.0058%* 1.0150%x* 1.0446%x
10-year KTB 1.5018%** 2.0106** 3.6809*x
usD 2.0114%x 2.8294xx 5.7554%x
JPY 2.1002%x* 3.5768xx* 7.8326%x
EUR 20114 2.8295%x 5.7554 %

Notes: 1. HO: Lo-Mackinlay Variance Ratio = no autocorrelation.
2. p: **<0.01 and *<0.05.

2) Rescaled-Range(R/S) 7™

AAE Age] A7171Y AAS 93 o2 =253 WY o2 Rescaled-Range(R/S) A3 S 3l on,
AZ4A7%e}t Lo R/S HAAAANIE A= U,

(Table 5)¢]  Hurst-Mandelbrot-Wallis R/S
Hurst-Mandelbrot-Wallis R/SE AJA|Go| A7]1719L 7FAA] etk A7)

4 AR el

A o)l e R/S ARAT= T e 25 AF7HE 717ekA] Kshal lo] A717190] £4d&

7R A] 9k=tta & 4= it} Variance Ratio AT Ax3k= Ad= A
k= RS AAskL ek, shARE MEdel gk R/S AR ATl = 1% frelaeEodlx 70 AE &2
} Ao 2 YERJT) ol Variance Ratio A7 dx|sh= Aoz U MEAA
o] &Aool k= AL oJuldtar k. byt Hurst-Mandelbrot-Wallis R/S 717

0]
AT
EEHEE

dl= 71719 &40

41 o

fo Lo
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@71719) FAgol wIZkstal Eqbg sk AlAIGA Hert vElE 4 Advk(Lo, 1991). oldl wel (Table
5yell Akl R/S AR A e #AES 7788 Lo(1991)7F AQFsk Modified R/S H2ZEE
ol gat ¥4 AT 2 H)make] AAB Itk Modified R/S 7A-e Thoksk bandwidth(q=2, =4, q=8)=
ARE3te] = ER o™, AR ) AE BT debARl RS AR Fdg 23E Ao

Table 5. Hurst-Mandelbrot’'s R/S Statistics and Modified R/S Statistics

) Modified R/S
Hurst-Mandelbrot-Wallis R/S
a=2 g=4 9-8
Panel A. Returns
KOSPI200 1.2184 1.2069 1.2231 1.2807
KOSDAQ150 1.4988 1.5682 1.5650 1.6029
3-year KTB 0.9993 0.9932 0.9851 0.9801
10-year KTB 0.9238 1.0045 1.0079 0.9978
usD 1.3521 1.2951 1.2971 1.2948
JPY 1.3132 1.3089 1.3409 1.3847
EUR 1.3583 1.3551 1.4325 1.4892
Panel B. Squared returns
KOSPI200 10.811%x 9.0445% 7.871 4% 6.4146%x
KOSDAQ150 4.2091%* 3.6678*x 3.3377*x 2.9331*x
3-year KTB 8.7066** 7.6601%x 6.8865%* 5.8695%x
10-year KTB 2.7646%x 2.417 4% 2.2595%x 2.0079*x
usb 7.2441%x 5.3896%x 4.5319%x 3.6195%x
JPY 5.741 1% 4.5932%x 3.9659*x* 3.1612%x
EUR 4.6315%* 3.7518*x 3.2696%* 2.8282x%x

Notes: 1. HO: Hurst-Mandelbrot = no autocorrelation and Modified R/S = no long-term dependence.
2. p: *x<0.01 and *<0.05.

3) GPH &3

FRFH AgHAA Yeht E447 9] A7 (robustness) S E11817] $18] 71922 Geweke
and Porter-Hudak(GPH) #A-& d¢th. GPH AAL AAldAzY] A71719S A= dubzel
AW Fo shtol B4AA7L (Table 6) ol AAIEo] Utk GPH #4] Alols Feloj=1¥
(periodogram) 7 HAsA AAs|oF sl=dl, 0=0.504 durzloz & A3y}t Yehes Ao
otelA] 9lth, B 7oA bandwidth gholl W v]mE <M a=0.6, 0=0.7¢] A$% 7 =447}
£ AABEETE. WA AE 7Y W GPH fdAZAA= 7 dF BT A77|Ye] dA=A] okt
UM tE FESFH AAH A= AHE GRIskrh. gt AE fEAAY Ao 1% frolas
RE bandwidth koAl A7]7199] &24do] WA

T AEAFY AAEAR] SAF FRFE AN A et At ofn)E o o] aokst
T ok Ul AEAS FelEedle 4717199 dERA] AR WEAdele 71719 &4 TR
Ak, wEtA Ul AEAIGA HE FAE Wale S8AAVMES ARk v, A& W5
Hal= AR §&A4 A E&4o)A] i SV1E HEEAY. ol I AEAF A Y2
HE7} At O FAo R WMol s S EH AUt FF AR ¢al Ao A&Ho R

e Fi HA4ol drke 2e AAsha gk
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Table 6. Geweke and Porter-Hudak(GPH) Statistics

GPH
TO,S TO.é T0.7
Panel A. Returns
KOSPI200 0.0012 0.0036 0.0052
KOSDAQ150 0.0173 0.0211 0.0374
3-year KTB 0.0105 0.0214 0.0218
10-year KTB 0.0008 0.0346 0.0357
usb 0.0141 0.0317 0.0342
JPY 0.0104 0.0313 0.0377
EUR 0.0167 0.0435 0.0863
Panel B. Squared returns
KOSPI200 0.1495%* 0.1632x%* 0.2106**
KOSDAQ150 0.1474%x 0.1514*x 0.1555%*
3-year KTB 0.1235*= 0.1475%= 0.1884*x*
10-year KTB 0.16971*x 0.1707*x 0.1996%x
usD 0.3496x* 0.4266** 0.4717%x
JPY 0.2186%* 0.2744*x 0.2822+#x
EUR 0.1188** 0.1209** 0.1218+*

Notes: 1. GPH indicates the long memory test of the Geweke and Porte-Hudak(1983).
2. pt *x<0.01 and *<0.05.

3. ARFIMA-FIGARCH =3 #4]

QFollA #4)3k Variance Ratio, Rescaled-Range(R/S), GPH #HA & AAd AAzo] A7]71 &4

Aehs dybA el Wgolgkar & 4= YA, of2ek FRAH FAHH ] EAlE AAlge] ©717]9e]
e 7HAAL e A9 Aol 7HE 5 jlvkes Aot ofol whel Sl el g wEdel
iz o] £4& sl A¥E F e 25 AW os FIGARCH 235 o83kt &
TolAe AdE FolER WEdd tie A71719S A AE] S8l FIGARCHS| Bt~ 2]el] ARFIMA
S ¥3Fsh= ARFIMA -FIGARCH E&o & BAMalirt 5 &3, 2d #42 Baillie, Bollerslev, and
Mikkelsen (1996)¢] W&o w} student t 25 743t £3$-FAWH(QMLE)S 534 1743t
At

(Table 7) o] ARFIMA-FIGARCH ®&¢] 4477} AA o] Jlek, FAA A Fagh B2 A&
Folgd g F71719E& BoF= d-Arfima Aot A& WEAdd dig 4717]19& vellle d-Garch
o Areltt, WA d-Arfima AlFE BE 7] HE 2T FAHLRE ofur} gl AlAEY] 71719
&7go] vehtA] exsket. vk, d-Garche] Alg= 24U 778 A= 25 1% fFostlr A8z
ou7t = Aoz et AE dEAdels 371719 o] vehua e 2e &1l 5 sl
ol2lgt Aite gl B3 FRA AAWHQ] Variance Ratio 773, R/S 7%, GPH A9 2¥}e}
Bk Qlek, =g 7 AE FolA Z2H1504E, v HAE, dAE, F2HES d-Garch Al57t

oft
[o

5) $21 BAE PeiAE AIC, BIC A 71ES olgate] 239 AAF desjol sk, ¥ =RdAE 7P Al mge
ARFIMA (1,d,1)-FIGARCH(1,d,1) & A&j3l4it}. o9} o] 413} o= B wio] ATEzo] 37|7|L 7P & THeh=
28 Fe Aol ohix I AEAFIN P71 B BIst A 84S Auine Ad 7] ulolct,
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0<d <05 Aloldll = A 7171 Aol = Aog Uepdtth ol A=l AAde] A4S
THAA G FAl F71719 4% 7R Qokar 8 4= loh, Wb, 3282004 %, 3= AAE, 109
AAE-E d-Garch AlS7F 0.5 <d < 1o Q= v A71719 BH oz velydtt, vujg4d2<d
71719 AL FdH el @17l B (d=0)E} wil¢- =2lA A PdRESTr hashe 258 e
Ak A7) Ao 2= HFs]|AAATFS Btk sk, d-Figarch AlS9] Fto] 714 He AEe 33 E=
0.876019, 10844 5(0.752), Z29200415(0.501)2] Aol =& FX5 Ho|x o] HEA
ZZo] WAEE w=E A E(0.452), AXE(0.377), 2HE(0.373), Z2E150418(0.353) Kk
I FZo] Ader QuFer A&HTE AL it

Table 7. ARFIMA-FIGARCH Models Statistics

KOSPI200 KOSDAQ150 3-year KTB 10-year KTB USD JPY EUR

U 0.055%* 0.048 0.006%* 0.014xx -0.201%*  -0.035++  -0.015

d-Arfima -0.005 -0.007 -0.0M -0.016 -0.005 -0.015 0.006
AR(1) -0.388 0.023xx 0.6071%x -0.003 -0.458 -0.063 -0.447*
MA(1) 0.371 -0.138+ -0.684xx -0.072 0.433 0.019 0.431%
4] 3.196% 2.155% 1.185* 1.398 0.243xx 0.371 0.418xx
d-Figarch 0.561%x 0.353xx 0.786x* 0.752xx 0.452xx 0.377+x  0.373%*
ARCH 0.105%x 0.234 0.070 0.126 0.278** 0.326+ 0.208**
GARCH 0.667** 0.437%x* 0.781** 0.777** 0.598%** 0.533%x  0.718xx
Student 6.808** 5.964%* 6.657%* 14,085%* 6.794%* 6.60T*x  4.893%x
Log-likelihood  -10421.5 -1561.6 -1562.1 -349.1 -2945.7 -3752.7 -2859.6

Note. 1. The table reports the ARFIMA(1,d,1)-FIGARCH(1,d,1) model.
2. pt *x<0.01 and *<0.05.
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Table 8. ARFIMA-FIGARCH Models Statistics: Regime Switching Test

Before Global Financial Crisis After Global Financial Crisis

KOSPI200  3-year KTB usb KOSPI200 3-year KTB usb

v 0.069+ 0.008+* -0.024+ 0.053** 0.005%* -0.019

d-Arfima -0.008 -0.007 0.023 -0.019 -0.034 0.005

AR(1) -0.035 -0.391x -0.501* -0.902xx -0.145 0.021

MA(1) 0.037 0.435%* 0.460 0.888x* 0.098 -0.071

W 3.152%x 0.161 0.331* 6.001 1.627 8.761
d-Figarch 0.523*x 0.581*x 0.4471%x 0.561** 0.798%*x 0.868**
ARCH 0.079* 0.174xx 0.183** 0.145%x 0.134** 0.106**
GARCH 0.621*x 0.683** 0.743%x 0.691%x 0.727** 0.808**
Student 10.003+* 4,183 5.059xx 4.237%x 2.934%x 9.307*x
Log-likelihood -6919.7 620.18 -922.3 -3482.2 23515 -2004.4

Note. 1. The period before global financial crisis is from the day is listed on KRX to February 27, 2019.
2. The period after global financial crisis is from March 3, 2009 to December 30, 2019.
3. The table reports the ARFIMA(1,d,1)-FIGARCH(1,d,1) model.
4. p: *x<0.01 and *<0.05.

olelgt N UG Juo| B SN QoRRE EAUY ) HE BF ol
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Wels} ol s ol ol 588 N2 B4 5 Sl e A 8
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B e S AAde) 17190 S0 14 Bie Baska gnk aslael A
Sl AEAE %—ow A} faap) o)A Sl 223120008, 2225010, 39 FA44
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WA S QB 471719 S92 uek GRS olstaly] s AA AR BHS BHSE
dl, ADF 774 KPSS A4S a4 4% 5ol tig 4717190el &4 7hs e Slshalnt, A7lde
5w AT A FolBel Aol AR 1-33klA A7 ABRAIL FEI Aebal whe, A%

HEAL 103} o]Fde A71ARAVE A&HE F7]719e] $A45 253t
olggt m] AEAZL AlAE 5440 U odlE 7122 Ul AEAG] 7793 A
BEHEe 39t ¢4 FE4E #Ho 2 Variance Ratio, Rescaled-Range(R/S), Geweke and
Porter-Hudak AAWHE o] &gt EA3 gt 423 77/ A& 27 F9& wsldes 4717199
&Ago] EAHA| wb&i‘— , AE HEAde BHUE 7 A8 BT A7) &48 dasknt o]%
272l W0 25 ARFIMA-FIGARCH R 3-& ARE-3Fo] 24139l ZU'\J W3 dXse A
7} JEiST Hoh FAdos B _?’—’5‘:"150’35, NS HAE, dAE, FEAES FAEA AlAde]
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3EFANE, 10dTHAEL vl =gA] A7 Fashe vgddad 271719 dd< EC’]D}
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£ 22 Blstgnt. s 22 F4907] ofF BARAGH AAFHAREAAN 37)7]0]]
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enag FAMoL osfstn BEseT ek 583 YRE AT AN 2 v} drka @
% ik,

S5 Foh B B71710 S4) Wet a91e Bk FAHOE Flshy] s ERoIFPH (ol

ling sample approach) & ¢]&3te] 7|71 ] AlH3k=(time-varying) &85 #2317 471719
%49 123t thkdt A2 (filtered model)S &-831e] WAYAIE F71H o g s A% ¢
qugle A7HAE E Aoz Az dd
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