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Time-scale and Volatility in the Korean Futures Exchange Market: An Empirical
Study on High—-frequency Data over Korean Treasury Bond

Jae—-Won Jung

Department of Economics, The Graduate School,

Pukyung National University

Abstract

This paper investigates a GARCH effect between the volatility of returns and the
volatility of volumes in terms of the time varying data for the Korean Treasury
Bond (KTB) in the Korean Futures Exchange market (KOFEX). Two different
distributions of volatility are assumed in the paper. KTB503 and KTB506 used in
this paper range from 7" December 2004 to 14™ June 2005. The high-frequency
data, such as | minute interval data, 10 minutes interval data, 1 hour interval data
and daily data, are extracted from the tick data of KTB.

The results imply that the high—-frequency data, 1 minute data, 10 minute data

and 1 hour data, exhibit the GARCH effect. However, the relatively low
frequency data, daily data, shows little evidence of the GARCH effect. This paper
uncovers an IGARCH effect for 10 minutes data and 1 hour data of KTB503.
Furthermore, for the high—-frequency data, 1 minute data, 10 minutes data and 1
hour data, the volatility of volumes has an impact on the volatility of returns. On
the other hand, for the low—-frequency data, daily data, little evidence of a volume
volatility effect is found. In short, the volatility of volumes has sufficient and
effective information on the volatility of returns because the volatility for the
high-frequency data reduces the conditional heteroskedasticity in the returns.
Finally, characteristics of high—-frequency data have leptokurtosis, such
t—student distribution, which exhibits fat tails and excess peakedness at the

mean, rather than the Gaussian normal distribution.



Keywords: KTB(Korean Treasury bond), Volatility, Time-scale, GARCH model,

High—-frequency data
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1. EFFE/MAE Y cAHARBIHEL B AT
1) Clark(1973)2] A+

Clark dA7}AMEe] ¥¥7} el ¥ E(leptokurtic)dHA] H: o] f5

2
= Fo AYIAF7 FAYA(random) o2 wHAsly] wjEow A},

ol
o

Clarke] RHAE 9D AANEe a9 goz wass 159 &7 3
AAMEe] gom golarh metd AY AU Bie G F A
S50 wdshs FEA Ak AdBe S F Adsss 349 B

| o

+
AZF QA Huz A AR 7PAEsdS Ao aAE 7HAA
= Aot

2) Epps and Epps(1976)9] A+
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A ARkl ZRAel Hal dbaela A Juolw s vkl
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o 877 8 sbshe fasae @4dte 2e welFth o2 wE
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3) Tauchen and Pitts(1983)¢] A+

Tauchen and Pittsi= Clark(1973)¢} Epps and Epps(1976)9] 28-S 2%
st AgAtEe] F7ketd 7HAREY BAke Foleta FEIT o5
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T AtkaL sl

4) Copeland(1976)2] A+
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o7 HFEITE Mg 7|xEm Yk BE AR FAHORE AHARE
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2) Akgiray(1989)29] <1+
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mygol 7pg Art AR o= vEstal, ARCHEGe] HlaLo] $lo]A
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3) Lamoureux and Lastrapes(1990)2] &+

Lamoureux and Lastrapest T4 E X9 HAFAS d93t= 4
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4) Board and Sutcliffe(1990)¢] A+
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¢} Fama(1965)°] A7ol#] @Wol HAHE= ddolrt. olefg A= FAE
Ast7] $1ste XéﬁL ¥obeE U8 t-B¥XE 2t 7oA GARCH(p,q)
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<¥ 4-4> KTB 503 ZHXE &2 GARCH A £4

2 A= 1084 Az Azd As dd A8
-

AIC SIC AIC SIC AIC SIC AIC SIC
AR(1)-GARCH(1,1) | -6.552 | -6.550 | -4.750 | -4.732 | —2.792 | -2.740 | -0.447 | -0.235
AR(1)-GARCH(1,2) | -6.223 | -6.221 | -4.373 | -4.719 | -2.786 | -2.724 | -0.386 | -0.186
AR(1)-GARCH(1,3) | -6.230 | -6.227 | -4.736 | -4.718 | -2.790 | -2.719 | -0.358 | -0.124
AR(1)-GARCH(2,1) | -6.225 | -6.222 | -4.734 | -4.719 | -2.782 | -2.720 | -0.357 | -0.157
AR(1)-GARCH(2,2) | -6.230 | -6.226 | -4.737 | -4.719 | -2.790 | -2.719 | -0.328 | -0.094
AR(1)-GARCH(2,3) | -6.237 | -6.232 | -4.739 | -4.718 | -2.781 | -2.700 | -0.299 | -0.031
AR(1)-GARCH(3,1) | -6.241 | -6.238 | -4.733 | -4.716 | -2.803 | -2.732 | -0.328 | -0.094
AR(1)-GARCH(3,2) | -6.241 | -6.237 | -4.735 | -4.715| -2.743 | -2.266 | -0.362 | -0.093
AR(1)-GARCH(3,3) | -6.242 | -6.238 | -4.748 | -4.725| -2.905 | -2.814 | -0.286 | -0.015

51 GARCHEE S %8317
-rial correlation)S 7}#]oFqt

= KARPAA O] A A R]D A AD gl tet AASAH

QAHE B3 Ao R

e
T 3
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<¥ 4-5> KTB 506 ZHXE &2 GARCH A £4

24 2= 1084 A5 AZHE 25 a4 A5
7 R

AIC SIC AIC SIC AIC SIC AIC SIC
AR(1)-GARCH(1,1) | -7.111 | -7.108 | -5.522 | -5.510 | =3.172 | -3.123 | -1.355 | -1.139
AR(1)-GARCH(1,2) | -7.110 | -7.107 | -5.197 | =5.182 | =3.019 | -2.960 | -1.352 | -1.124
AR(1)-GARCH(1,3) | -7.110 | -7.106 | -5.198 | =5.181 | =3.047 | -2.978 | -1.386 | -1.125
AR(1)-GARCH(2,1) | -7.108 | =7.107 | -5.200 | =5.185 | =3.071 | =3.011 | -1.350 | -1.122
AR(1)-GARCH(2,2) | -7.108 | =7.107 | -5.199 | =5.182 | =3.011 | -2.942 | -1.366 | -1.104
AR(1)-GARCH(2,3) | -7.112 | -7.107 | -5.203 | =5.183 | =3.050 | -2.971 | -1.332 | -1.038
AR(1)-GARCH(3,1) | -7.113 | -7.108 | -5.199 | -=5.182 | -3.003 | -2.933 | -1.385 | -1.124
AR(1)-GARCH(3,2) | -7.115 | =7.107 | -5.220 | =5.200 | =2.999 | -2.920 | -1.355 | -1.062
AR(1)-GARCH(3,3) | -7.115| -7.110 | -5.203 | =5.180 | =3.004 | -2.915 | -1.320 | -0.994
Liung-Box9] Q# Al 93t KTB5033 KTB506AI7F2 = o1& 2%}
o] A ALGAT AAAINE <FE 4-6>0 AAEHS] Yt} <FE 4-6>A
AAEER AWEYE ANER des AADEHES FIEHA HEREA
WEel duARs AADERel Folgol gl Ae & & Ak
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<R 4-6> FAAE FIF 2239 AALEE Liung-Box QEAS 23

Q6) Q12) Q(24) Q(36)
2 104.48%% 111,59+ 131.00%% 141.67##
" (0.000) (0.000) (0.000) (0.000)
. [ 25.121%x 35.38 3% 45.430%= 83.97 2%
B (0.000) (0.001) (0.005) (0.000)
° N 19,356+ 28.316% 45.975% 53494+
o 120
(0.003) (0.005) (0.004) (0.030)
3
o 7.1043 11.858 15.335 15.559
(0.311) (0.457) (0.911) (0.999)
o 154,245 196,245 207.40%+ 223.06%+
" (0.000) (0.000) (0.000) (0.000)
. [ 14,939+ 21,249+ 29.599 53.533+
B (0.021) (0.047) (0.198) (0.030)
> 71167+ 75.787Txx 85.803% 104.91%#
o | Aud
- (0.000) (0.000) (0.000) (0.000)
o 47835 10.166 16.651 17.867
(0.572) (0.500) (0.863) (0.995)
« 5% FOISFOIA felT
1% FlFEAA Fol T

() : p-value %k

o] GARCHXE&o] ZAHE KTB50337 KTB506°14 AWE e R TE=
AmoA O AEgsits AL ondt. 242 GARCHES

23 o2 ¢ AAF AHKIZ sHA}

5))

PN
Liung-Box Q84 EAFE Q= T(T+2) Y0}/ (T—j) ~ x*(k)olaL, AF7IAL “k-7)<]

j=1

pyol BAC] 00]EL =, AL J)ZsHd AAG RS 7R
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S B35 Y8 FEAE
Az AR Qe FHNE KTB5033 KTB506 AlAIE AmolA
=] o] o]-Oﬂ oF Mo Al A=

<E 4-7> ZAXAEKTB503 GARCH(1,1) B3¢ FAA7}

. omaCmssm | Swewst
wao | otopw | A | 9w | owa | loww | Az | 9w
a 1.29e-05 | 1.90e-05 | 2.76e-05 | 0.0019 | 1.92e-05|1.27e-05]| 2.01e-05| 0.0013
0 (0.0000)#*|(0.0000)**| (0.1874) | (0.0841) [(0.0000)#*[(0.0000)**| (0.3031) | (0.2467)
«a 0.3246 0.2702 0.2075 0.1319 0.3737 0.3025 0.2054 0.0013
! (0.0000)#*|(0.0000)*+{(0.0000)+*| (0.2556) [(0.0000)=*|(0.0000)*x|(0.0005)+*| (0.2467)
ﬁl 0.6578 0.7208 0.7943 0.8481 0.5567 0.6975 0.7946 0.8362
(0.0000)#x*|(0.0000)#*x|(0.0000)#x*|(0.0000)# | (0.0000)x* |(0.0000)= | (0.0000) x| (0.0000)*
(&% +ﬁ1 0.9824 1.0 1.0 0.9800 0.9304 1.0 1.0 0.9869
Log
. 50,488.7514,988.296 | 489.866 14.755 |51,485.63|5,164.686| 501.494 | 16.8823
likelyhood
TDFI® . . . . 6.0615 4.2876 5.3203 19.0106
(0.0000)#*|(0.0000)#*[(0.0000)*x| (0.4251)

£ 1 5% SO A fol g
£ 0 1% FolaFolA] gt
() : p—value %t
<3 4-7>9] KTB503 =AldE7 & digk GARCH(1,DESF 9] A7+ %=
d FAANE AeEd 2, 1058, AP Absel M= GARCHE N &

rh

6) Q1] t-2X /A9 AHHE 5] AR
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A= Aoz yebdou 9l ARl = GARCHEIZE A4 &= A
o2 Uehytth o] AL FAHNE KTB5039] ¥, 108, Azhd $9§ 3}
AT ol & A WEAdel o HduEE 7Rt AL ognd
th 108, ARPE AR E o +4,9] ol 190 A Ee(she) A
A0l FAMgE FEolA Aol A&HH JheAol v IGARCHE 7}
Aes & F Jda, B ABNNE o +4,9 Fhol 0.9824= 1H; &2 7t
S 7AW A mEAde] F40 dAAe WEdel dFS A= wAl 2
FA0] A7k AEAE 7Y As Fodit

AR E o o] V|xFAFEA Y AALDGTREANA Bl A
Zholl whe} 7hA ARl o] £4F FEfe] GARCHE R o] Sl d=e] ARlE A5
O aHlE AgelA HE Ads & ¢ v

Qy By |ag+ 6| QMLE | o By |a;+pB;| QULE | TDFI
0.2947 | 0.7053 0.2591 | 0.7409 5.0301

1 5,322.52 1 5,530.90
(0.0000) | (0.0000) (0.0000) | (0.0000) (0.0000)
0.1187 | 0.8813 0.1192 | 0.8808 4.3334

1 538.32 1 574.19
(0.0000) | (0.0000) (0.0000) | (0.0000) (0.0000)

() : p-value %L

v 10898, AIzPE A89] GARCH(I,DEES FAZAIANA o +3,9
7k 1S GARCHRE o] #H3dtalx] @rii= oujo]7]o] = HNE KTB503 105
¥, A7 282 IGARCH(integrated GARCH)®2 & o2 ¥4 th.D

<E 4-8>2 IAAE KTB503 10#9E, AlZHEAR 9] IGARCH(1,DE

2 FA3 Aot} <F 4-8>IGARCHEH O] FAH A% 1084, A]

7) Engle and Bollerslev(1986)7} AA13F IGARCHEH ] 79 HEA 9 9<% (volatility persi
-sitence) EE cq] x}7]. u]gH 15 tﬂE/\-]oﬂ u];‘(]L—C B3] og@:e_:}; 71—0}3]- UE:] [X=1
HA o F2xe] AGd ARCHAG ()} #A 215 WsAde AlG<d GARCHAG(3)Y &
o] 1o] ¥t}
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W 27049 IGARCHEH7F 43S & 4= ot}

<E¥ 4-9> ZAXAEKTB506 GARCH(1,1) B3¢ FAA7}

- T

L 10298 | Az o L 10248 | Az o

HE
HE

8.08e-06 | 5.59e-05| 0.0004 0.01 1.10e-05 | 5.36e-05 | 0.0003 0.01
(0.0000)#*|(0.0000)**| (0.0388)* | (0.3673) |(0.0000)#*|(0.0000)#*| (0.0379)x | (0.1690)

0.2191 0.4432 0.2426 0.2172 0.2179 0.4186 0.2141 0.2096
(0.0000)#*|(0.0000)**| (0.0115)* | (0.4789) |(0.0000)**|(0.0000)**|(0.0075)**| (0.2678)

ﬁl 0.7114 0.5094 0.6422 0.2681 0.6303 0.5280 0.7018 0.2740
(0.0000)+**|(0.0000)#**|(0.0000)**| (0.6817) |(0.0000)#*x|(0.0000)**|(0.0000)**| (0.5267)

%)

QY

QY +ﬁ1 0.9305 0.9526 0.8848 0.9800 0.8482 0.9466 0.9159 0.4830

Log
. 54,171.0 [6,027.137| 615.374 38.477 |55,673.41]6,194.593| 632.366 38.478
likelyhood
TDFI . . . . 5.5684 4.2813 4.6215 115.95
(0.0000)#*|(0.0000)*%{(0.0001)**| (0.9701)
51 5% FrolREAA freld
w1 19 FAFEAA FAT,
() : p-value &

:.:Er""
Sﬂ_m,
rlrZi
o
o X
Hﬂﬁ
o 2
o o
IR
1&
L

mEE”

8) FAME KTB503, KTB506 AWlEAgel Az FHAHN7L #3529 A= Qe &
A BAgel pel WEel ASRs AUA ela) sl FAHE] AR 271 19999
949 29¢4H¥ 2005 99 20¢71x]9] 6437 3] GARCH(l DEFoR F7}
BB ol EANe] BAAT} ade) Hele gl AS

normal Gaussian

o oy B, oy + 5 AIC

Log
likelyhood

ey
|\
itl

0.0006 0.0619 0.9259
KTB 0.9878 -0.3816 280.497 1,445
(0.340) (0.160) | (0.000)xx

* 0 5% freol A Feleh w1t 1% ool #Feldh () ¢ op-value
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<E 4-10>3 <F 4-11>8 A ®sk&S £33 KTB5033 KTB506
SAME ] AZHE =] whE GARCH(L,DEH S +4 dvfolch. o Aol xs}
AR oA Age] AfEEe uel MATFEED Wz el F

gkl

<E 4-10> FAXHEKTB503 A:NZF ¥3&S ¥§3 GARCH(,1) 239 =27

. T T

W | o | Apw | oow W | 1owa | Apw | oow

e
e

1.26e-05| 0.0001 0.0027 0.019 | 1.83e-05| 0.0004 | 0.00293 | 0.0015
(0.0000)#**|(0.0000)#**|(0.0000)+**| (0.0134)* |(0.0000)**|(0.0000)**| (0.0299)* | (0.3334)

0.2986 0.1618 0.1345 0.0126 0.3642 0.1497 0.1314 0.0326
(0.0000)#*|(0.0073)**| (0.0173)* | (0.8413) |(0.0000)#*|(0.0000)**| (0.0257)= | (0.2763)

ﬁl 0.6748 0.6029 0.5226 0.5024 0.5688 0.5983 0.5117 0.5591
(0.0000)#*|(0.0000)#*|(0.0000)#**| (0.0407)* |(0.0000)#**|(0.0000)#*x|(0.0054)**| (0.2990)

o%)

a

5.75e-08 | 4.91e-07 | 1.53e-05 | 4.69e-05 | 3.08e-08 | 1.42e-06 | 1.52e-05 | 3.80e-05

g
! (0.0321)* (0.0000)+*|(0.0000)%*:*|(0.0000)+*:|(0.0000)#**| (0.0000)#**| (0.0000)**| (0.4530)

QY +ﬁ1 0.9734 0.7647 0.6571 0.5150 0.9320 0.7480 0.6431 0.5917

Log
. 50,557.57| 5,259.91 | 449.301 19.599 |51,497.99|5,570.782| 453.271 22.01
likelyhood
TDEI9 . . . . 6.1028 4.3769 19.999 19.995
(0.0000)#*|(0.0000)*x*| (0.0155)* | (0.5725)
* 1 5% FoleTidA o
w0 1% FARTEAN fIFh

() : p-value &
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<E 4-11> FAXEKTB506 A:NZF ¥3}&S E§3 GARCH(,1) 239 =27

. T T

| 10w | A | 9 | 0w | A | 9
o 5.19e-05| 0.0001 | 0.0009 | 0.0099 |1.05e-05|5.16e-05| 0.0002 | 0.00995
O 10.0000)+| (0.4503) | (0.0656) | (0.3680) |(0.0000)%+|(0.0000)++| (0.0280)+ | (0.1952)
a 0.1499 | 0.1499 | 0.1422 | 0.2169 | 0.2128 | 0.1816 | 0.1680 | 0.1922

(0.0000)#*| (0.5841) | (0.0770) | (0.4709) |(0.0000)#*|(0.0000)#*|(0.0068)#x*| (0.2985)

ﬁl 0.5999 0.5994 0.5749 0.2683 0.6419 0.6131 0.7492 0.2890
(0.0000)#*| (0.4053) [(0.0080)**| (0.6820) |(0.0000)*x|(0.0000)#*x|(0.0000)**| (0.5394)

2.27e-07 | 5.50e-07 | 2.93e-06 | 2.40e-07 | 1.53e-05 | 2.48e-07 | 1.78e-06 | 1.75e-06

g
! (0.0000)**| (0.7158) [(0.0005)**| (0.9884) |(0.0000)#*x|(0.0000)**|(0.0000)#*| (0.9784)

QY +ﬁ1 0.7498 0.8493 0.7171 0.4852 0.8547 0.7947 0.9072 0.4812

Log
. 51,948.3715,847.356| 613.483 38.477 |55,683.33]6,119.893| 637.133 38.417
likelyhood
TDFILO . . . . 5.597 19.999 5.04 38.149
(0.0000)#*|(0.0000)*%{(0.0004)+*| (0.9096)
£ 1 5% FAFEANA KT,
wr 0 1% FgEFAA Feol g
() : p-value &
< A4-T>00M < 4-11>25F vl AEAF] 45 KTB5033
KTB506 A7 =e] we& F4Ax 238, 102, APE A5 3A 4
o] 5] WEAdo] A FolEe WAoo &S vt GARCHAE S|
Jqel AP AU A4S ¢ 5 ATk =@ AUFS LIF GAR
-CH(1,DEFEFANAE np7iA 2 A5 4, 1028, APE A
[e])] o
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