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ABSTRACT

This study examines the cointegration and lead-lag relationships between VIX and
VIX futures from March 26, 2004 to April 30, 2010. The empirical result show the
leverage effect in VIX and VIX futures using the asymmetric component GARCH model,
and the long-run relationship between VIX and VIX futures by employing the Johansen
cointegration test. This study shows that the lead-lag relationship from VIX to VIX
futures and the long-run effect have more power than the short-run effect, and the
asymmetric component GARCH model has more power than the component GARCH
model for the VIX and VIX futures. Furthermore, the asymmetric component GARCH
model with the error correction term has more explanatory power than the asymmetric
component GARCH model in VIX and VIX futures. This finding is use for investors
trading in VIX and VIX futures.

Keywords: VIX futures, Component GARCH Model, Asymmetric Component GARCH
Model, Trend and Transitory Component Volatilities, Cointegration, Lead-Lag
Relationship
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£ 1 1. J-B{H By larque-BeraZ HERE S EC I E
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FH#4 Johansendh 8 & i fE 45 SR 9530 - BN IR ECR BHIHER > SR AICTH A »
FAELERHIER( Trace test )H 27 JHIER (E 95.6963 » A 1A 5% 57 H 25.32 H K A 1%kE 515 30.45
P ERFISCH L > BBl ih 2 st {E 118.9888 » KA 5%EE 57 {E 19.96 H A HA 1%HEE 7
{H24.6 > BIfE4ERE SEEEE  BRAHAICTH L » s RFFMERME (Max-Eigenvalue test)
» L IR Rt {2 89.5756 K A 5%EE FL{E 18.96 H A A 1%H0E6 5 {E 23.65 ; EFLFSCH E » i
KREFEARAG E S HEUEHEE 114.1414 K77~ 5%EE 56 15.67 H KA 1%EE 57 620.2 > IR
TEARE (s > e S R BB SIS EOR B ER » RN ARG - H
AT = 1898y AR e o A 2/ D FE —(E LB S E o H& fHJohansentL &
EiREHH - N EPEIE SR KR R E AT SRR E EHIER - &
HESHEBFAL > SUREEEHEEFR GRHEMA RFABENLE SR % -

552 Q(20) Bl Q% (20) FIRi%1% 20 K Q Bl Q° 4t & » HEEMEET
& 1% 20 HHZ RIATEAE&RET EAYE IAERE - 7€3% 5 1940 » N EIE 5 HER & I & fitis
F4F Component GARCH = %f7% Component GARCH 5% > Q 81 Q*fy4fizf & P {H &
fe KA » (UFREATEEE MRE > WS EREN > R ANFEIEE KR -

&2 5 Z Component GARCH 58U rfr » AhfT 5% 0] DLE% IR 81 € 5 R SR
RIAH R ER G RIS ERCR - Bl p > o o KENEEEER G EIHE 2 )78
PERIHIBER (o +a,) £y 0.383 B 0.918 » FORFRIFEREE & LL 0.383 B 0.918 Hy (T
EERIGEEE ZIEMRIFERE - MREIMERIFEER (B) £ 0.939 B2 0.970 - EIER
SR AR B R BTUR B BOR B [ R - fE A% Component GARCH 157
o TR ENEIS B B B B 2 RARRUR o B - RN B REOR GBI BT AR
TRFRUR -

5 FTonHI EE R B B BN B 1T Component GARCH FI-f #f#§ Component
GARCH BRIy 285t - LM EMECEE R L S ERIVEE R - HE 5 /A HEE
FE¥R G HLHI & A %% Component GARCH #E#IfY LLF 4351 £5-5931.99 £i1-4819.63 -
LUK Component GARCH #AIfy LLF J -5934.2 Eil -4828.63 » {T 5% #H 5 /K 4 Bl
FUE By X (1R 0= 3.84 114~ » #E1T Component GARCH EiL R ¥ Component GARCH
BRI S EAHEE - 2 LR4=4.42 81 18 » HIE4E fE My - Fon B2y IR Ry B i fig e 82 8
A I H AR RE ) - RIELSA - A ¥ H% Component GARCH AU AR (T -
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Z% 4 Johansen ¥ S fn E T E
Panel A : B[S 8 BB R (AICHER])
i fE R Trace 5% 1% Max-Eigenvalue 5% 1%
r=0 95.6963*** 25.32 30.45  89.5756*** 18.96 23.65
r=1 6.1207 12.25 16.26  6.1207 12.25 16.26
Panel B : 785 R B (SC #EH1)
B AR 2% Trace 5% 1% Max-Eigenvalue 5% 1%
r=0 118.9888*** 19.96 24.6 114.1414%*** 15.67 20.2
r=1 4.8474 9.24 12.97 4.8474 9.24 12.97
FE T Lo BRI E 1% ~ 5%E110% 2 B /KA
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i % % VAR AL > phiE AICELSCH{E T B (& -

JohansenI: ¥ &6 € » Bfe 1% &SC model 45 -

SRR AN - BT
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Component GARCH

K ¥}FHComponent GARCH

SEDNEREE SET N

HEE IR BIE

KR EIR A

USENNEREL SC NS

RVIX¢
RVIX 1
RVIXF 1
RVIXF

-0.133 (0.136)
-0.081 (0.039) **
-0.070 (0.036) **
-0.062 (0.07)
-0.056 (0.063)
41311 (2.89) ***
0.939 (0.014) ***
0.090 (0.016) ***
0.027 (0.025)

0.356 (0.727)

0.003 (0.083)
0.070 (0.021 ) ***
0.036 (0.02) *
-0.094 (0.046) **
-0.079 (0.038) **
11.787 (0.67 ) ***
0.970 (0.013) ***
0.027 (0.027)
0.023 (0.027)

0.895 (0.089 ) ***

-0.169 (0.133)
-0.080 (0.039) **
-0.079 (0.035) **
-0.040 (0.073)
-0.036 (0.064)
45.869 (3.87) ***
0.940 (0.017 ) ***
0.095 (0.024 ) ***
-0.013 (0.033)
0.120 (0.033) ***
0.712 (0.122 ) ***

-0.017 (0.079)

0.064 (0.021) ***
0.037 (0.02) *

-0.091 (0.042) **
-0.069 (0.039) *
11.780 (0.63) ***
0.945 (0.01) ***
0.064 (0.009) ***
-0.041 (0.013) ***
-0.028 (0.017) *
-0.807 (0.058 ) ***
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Q(20) 27.428[0.124] 28.336[0.102] 21.865[0.348] 22.861[0.296]
Q?(20) 17.589[0.614] 20.181[0.447] 5.413[0.999] 7.1989[0.996]
AlC 6.4331 5.2366 6.4318 5.2280
sC 6.4630 5.2665 6.4647 5.2608
LLF -5934.2 -4828.63 -5931.99 -4819.63

it ¢ 1 LLF B {let #E -
2.7~ BRI H 1% ~ 5%EL10% 7 B /KA -
3.0 (n) ~ Q2 (n) 73 HlFR R t&ni].Z Ljung-Boxie E 45t & -

e 6 n[ {540 - M2 Component GARCH =K ¥ f# Component GARCH %7 >
KENEIREOR GBI E S HEZEKE  MEHEERHEZER T eFEHEK
# RFEFERECREGRENEEEINE - FREEEEEER EHELEHETE
HIHE -

%7 T2 Q(0)HL Q*(20)F %4 20 HIAY Q Bl Q* 4B - HE MR E R4
20 BHZ RIANTFAESET BV EFRAERE » (€5% 7 194 KBS EEeR GG e 1T
Component GARCH =K #}f% Component GARCH 5% » Q il Q*fy4fis|& P (H By fmad
EKAE > FREATERE SRS - B2 EEERS - BN FEEE MR -

e 7 2 Component GARCH &It » At 5% v] LIS 377 B S R BOR KB R
RIFHI S RERCR & KN RIS ERCR > Bl p > oy W ENETEREER B HINE 2 0 g
PERLHCR (g +ay) Fy 0.359 B 0.915 > FoRfiff2 RErE DL 0.383 B 0.915 Ay (T
CERIGEE{E ZIRMRIFERE - MKRBIMERIIZCR () 5 0.940 82 0.967 - EIlER
SRR AR B A SR A ROR Ky BB R - fEA ¥ Component GARCH {84
o AR BIEAE BOR B ZAEARUR o B - RN ENEIRBOR G EERRR

F2 T RO E B S BN S PR 55 T 0 AR 22 (B 1EIEAY Component GARCH £
#EFE Component GARCH B 285t - 43 Bl 55 B fic 28 B 1558 5 BRI 45
R R TEA 0 R ENEIR B R E SN % Component GARCH & 51HY LLF 5371
J5-5926.72 £1-4813.59 » )} Component GARCH 5%y LLF %5-5928.35 £i1-4823.01 >
TF 10% 882 7K 42 BiLEG B By X (D)5, = 2.706 FY &1 T » #£7T Component GARCH Bl R
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726 R ENEIEEOR EHLH B RERYE A% 1% 5 E R R
i, Component GARCH R ¥+F4 Component GARCH
HIAE B E N N
F4iat = P1H Féast= P&
KEEfEH I EERE 0.743706 0.4755 0.32263 0.7243
HE SRR G B E 6.726248 0.0012 6.21863 0.002

7 N AGAZEE IFIERY Component GARCH B R #ff Component GARCH Y i

Component GARCH

R ¥ f%Component GARCH

HH KEEHEHEHE REEHEREEE  REEREEE FEEERE
C -0.236 (0.135) *  0.014 (0.085) -0.271 (0.140) *  0.008 (0.046)
RVIX,, -0.045 (0.04) 0.051 (0.022) ** -0.040 (0.041) 0.042 (0.019) **
RVIX,, -0.046 (0.036) 0.024 (0.002) -0.036 (0.036) 0.022 (0.010) **
RVIXF,, -0.082 (0.072) -0.083 (0.045) *  -0.088 (0.075) -0.066 (0.038) *
RVIXF., -0.062 (0.063) -0.078 (0.039) ** -0.074 (0.065) -0.067 (0.027) **
Zu -6.147 (1.657 ) *** 3.261 (0.902) *** -5.853(1.663)*** 3.155 (0.80) ***

w 41.303 (2.96) *** 11.683 (0.64) *** 44.295 (3.46) *** 11.824 (0.60) ***

B 0.940 (0.014) *** 0.967 (0.016) *** 0.941 (0.015) *** 0.939 (0.011) ***

P 0.091 (0.016) *** 0.029 (0.033) 0.087 (0.018) *** 0.067 (0.009) ***

o 0.029 (0.024) 0.020 (0.033) 0.013 (0.031) -0.045 ( 0.013 ) ***

) 0.101 (0.040) ** -0.021 (0.016)

a, 0.330 (0.699) 0.895 (0.108) *** 0.463 (0.256) *  -0.802(0.058 ) ***
Q(20) 22.196[0.33] 26.79[0.141] 22.57[0.31] 27.228[0.129]
Q%(20) 17.94[0.591] 5.595[0.999] 21.955[0.343] 7.590[0.994]
AIC 6.4279 5.2316 6.4272 5.2225

sC 6.4607 5.2645 6.4630 5.2584

LLF -5928.35 -4823.01 -5926.72 -4813.59

if 0 L LLF SRRl R (A -
2. %xx  FREXGT I E 1% ~ 5%E8110% 2 B K AE -
3.0 (n) ~ Q% (n) WHIFER B %S~ Ljung-Boxis E4L T & -

4.Z FRIMAGREBIER -
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¥ff# Component GARCH HAVH 2 ¥iiHEL - H LR=3.26 #1 18.84 » AIE4E i fi sk -
T B A DR] R 14 T i e S22 B R R I EL AR R RE 0 INBEAS A - A ¥ 7% Component
GARCH R AEURAFAE -

1% 8 n[ {540 - M2 Component GARCH = ¥}f# Component GARCH %7 >
NENETIEER B B e R A EEKE > MEHEREIHEZENREH¢HEFEEK
#o RFEEEIFEI B ENHEHERIE > RN RSO EELEEEE
AR -

1= 5 BAZR 7 13541 - A ¥ HE Component GARCH f5 R PR] oy 11 1 fke 68 528 B i A S EL
Component GARCH &I N HAZFEEE ST > 1541°F ¥7% Component GARCH fE AR IR
7AE > PR ELCR ¥ 18 Component GARCH AU > il AGRZ(Z IETHELE - fo] & fif FE
BE IR » 3R T N AGRZBIETE 2 B E 53R S8 & R ¥7% Component GARCH
FERUAY LLF 43 /1] F5-5926.72 Ei-4813.59 » L K= 5 2 N ¥ffH Component GARCH F5 7%l
Ay LLF %5-5931.99 E-4819.63 > 1 1%y F8 % /K 8 B EE FUE By X (1)5 01 =6.635 AR T -
LT £ Component GARCH fE A B i A 35 7 & IETH A %1 Component GARCH f5
RIRY2EOHE: > H LR=10.54 £ 12.08 > HIE4RE MREY > FoRBEA R Rig hnfgfER =
EIETE M B B N AR RRRE ) - RILEA - A GRZ & IETE & W iR R s

{h ~ &S5m

ARFEHARLL 2004 £ 3 H 26 H % 2011 ££ 4 F 30 H Z MBS BER G S E Ky
s % - ST ERHE S FERB ARG - FE RV AR RAIIRCR > WEHE
AR [EZE 2 Component GARCH ETI A 75 7 g 2 Bt DL de b 2y e g 522 5 AR

KRG A G EESI G AEE > HEKHERECAEHEEEZREAR
Ko BERENEELEME TS5 BEREBHEEL - &R &g o] 2350 8 e
HOR BB G R 2 E [ H) o EREAS R4 H Johansen L S5 E 53R S EIE
R BB GER > AREAEEE  BnEE SRSl R EMA RB T L%
&l {% - Component GARCH =4 ¥f7# Component GARCH A1 » B RR7 B & 4554
RESEE BRI E - {FFE SRS G E > &I R ERR & K i
B eSS > BN EhME R EACRAHE E BHUR A B B KA BB & o e A BT
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8 MIAGRZE(EIEIH 2 K B 15 B3R & B & M Ry 0% 1R &2 B R

s Component GARCH R #%§% Component GARCH
HITE R E T .
F4iat = P1H Féast= P&
KEEfEH I EERE 1.066415 0.3445 1.326552 0.2656
HE SRR G B E 3.390321 0.0339 3.017012 0.0492

Component GARCH f#AIh » 7 Ef 5 8RB AFEEREUR © RS S I ARREREIE
15 2 Component GARCH A ¥}1# Component GARCH LAY 57 & & 15 B30 & B 2
BHETHIS BT - FIRMAREERIHZ A #1E Component GARCH 521 By i #E
AN B R ORGSR 2 A - HEREEE SR LI & N R B HE BOR & 6
NIERBNER S ZRERBSS -

V6]

AW FE R H BB G E ) > HEF g E S 100-2815-C-033-030-H £
99-2410-H-033-023-NY2 -

E

Lk © BB E BN A S - A SRR s - ER R - R EENRE
AR G ER - WL R SR S ER e HEE - EERERRREKIIR
ZEr - HRSCE BRI - ARSI - 10 - fERENE L ERIEE > 5
(EAS HY SR B T RE 4G RS R R JE A - B0 03 £ 8 A FR TR HE Ja b 20 Y& HU(E A% Ok B Pl A
IR ZE > P RE R A > (R T 5 B BAAE R  E M o (ol 2 o 2 BRI e
(B o e 15

2 EHERFR - I BRI N R E MR s 2 P E R - EEEERRE
b EEBEEREN > RORTH S E R E M R 2 BB RN > BT
52 FIERANER - BRI IERCRBE R S FE T S AT R I 8 - H A ARK
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