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Table 1 Descriptive Statistics
K3 ¥ifH FrifE GRETE R A L 0 J-B ittt Ljung-Box( 10)
InRV(t) - 8. 644 0. 962 - 8. 688 0. 086 —-0.355 9.654""" 6 640.276"""
InBPV,(t) - 8.730 1.013 - 8.784 0. 077 - 0. 406 11. 674" 6 890. 834 ***
RJ(t) 0. 086 0. 164 0. 066 1. 128 4.361 1492,947°"" 558. 831"
r(t) 0. 001 0. 020 0. 002 - 0. 486 2.218 363. 021" 17.269°
z(t) 0.182 1.296 0.172 0. 107 0. 086 3.318 58.307"""°

E A EIR AR FLERF AL RFLEH, TR,



104 B HF}2£ (Jounal of Management Science)

2012 412 A

BWFIEERY , C LR P S 7 AL AL, B[R] 4%
MBI B B 5 R E KA 3 8%
o A5 B e il 2R B E 5 52 AL AT RO A7 1E Y B
ORI TT kB 2 4 5 45 X BB S BLBE B InRV () | Xt
BUESE W S InBPY, (1) FBEERBLSHRI(2) B 5 B &
Bk, M2 AT LLAE W, 0 82 S 9 9 h #0302 ik
52 e 3h A7 AE W AL A AR, A X B0E 22 B B Y
FLAF RO B Oy B 3, 0 B BR e 3h JL P A 2 d £ i i
B 50

5F
6L
7k
i
T ol
10 b
11 F ':"::'
A2 -2' 6 '2 ﬁ; 6
2(#-1)
(a) W BEL SLH P Bh
S5y
6 |
gL
S s
2.; 9t
STy
-11
_]2 1 1 L 1
6 4 2 0 2 4 6
(1)
(b) 3 BUESE BN
16
12}
< 08
2 04}l
0.0
04l ;
6 4 6
2(t-1)
(c) BEER5h
B2 EERERdE

Figure 2 News Impact Curves
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Table 2 Parameter Estimation Results for the Log Daily Return Model
AE @y L' ©y L5 Lo Fu L2
i 0. 003 0. 065 0.056 0. 057 0.078 0. 062 0.072
Frife 0. 000 0. 024 0. 024 0.023 0. 022 0.022 0.022
t Gt 7.193°*" 2.725** 2.376* 2.490* 3,525 2.787°* 3.224°*
R*=0.033  log likelihood = 4 106. 593
R HESHATLREE, TR,
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Table 3 Parameter Estimation Results for the Continuous-time Volatility Model
PRI (6) =X HRAEI(9) &
EX fhiHE t it Y fhi bR t Gt R
a, - 0. 605 -3.891°* o - 0.596 0. 151 -3.937°**
o, 0. 408 12,753 a, 0. 405 0.032 12.740 """
a, 0.349 7.355°* a, 0. 352 0. 047 7.450°"
a, 0. 188 4,943°" a, 0. 188 0.038 4,932°"
a, 0. 148 7.942°" a 0. 146 0.018 8.109"""
a, - 0.060 -1.275 o -0.039 0.012 -3,290""
o -0.059 =8, 110*** @ -0.133 0. 036 -3.711°"
a - 0.094 -2.091%* R =0.717  log likelihood=— 1 179. 744
s 0.073 1. 603
a, 3 0. 050 1.123
oy, 0. 025 0.553
R*=0.718  log likelihood = — 1 177. 043
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Table 4 Parameter Estimation Results for the Jump Volatility Model
ES-/4 Bo Bs. Bs.a Bs.s Bss Bs.iz Bs.is Bs 20

flbiHE 0. 026 0.123 0. 084 0. 097 0. 087 0. 092 0. 090 0.121
PR 0. 005 0.025 0. 026 0.026 0.026 0. 026 0.026 0. 026

t iyt 477572 4. 850 *** 3.2647°" 3,772 3.396* 3,597 3.528* 4,743
R =0.148 log likelihood = 696. 278
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Table 5 Correlation for the Regression Residuals

resid_rstd(t) resid_BPV (t)resid_RJ(t)

resid_rstd(t) 1. 000 - -
-0. 335
resid_BPV_(t) 1. 000 -
(-13.609""")
0. 106 -0.248

resid_RJ(t) 1.000

(4.083""") ( -9.803""")
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Table 6 Normality Test Results
for the Regression Residuals

F51 resid_rstd(t) resid_BPV.(t) resid_RJ(t)

257. 065
(0- 000»::)
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(0.000""")
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I-B gtit & (0. 141)

ii:iﬂ_% #‘liﬁt%ﬁ Pﬁo

B 3 4y B 25 i resid_BPV,(t) # %t T resid_rstd(t) .
resid_RJ(t) #8 %t T resid_rstd(t) F0 resid_RJ(t) #8%f T
resid_BPV, (t) WIBL A BRI 5 dh &, W LI i S HE A
MREFHIZEIFEHBMIERERR H M, A5
IR AP BR, Bl g(x) = gia+ gox” ,m(x) = myx+
myx’ (%) = mx+ npa’, Lh 4.4 545 R BURLAR o
BowFEw, LAR2 . R3 MR4PHSEMEITHEIW
B (B ( SEAEFR B, 8B K BLAA 1h T &5 SR #0 fa B 9 2 4k
AEURE) LGB B R R AL R (5L (6) KX M
(7)) b A B B B B i A7 2 B fil it .

RTHEMBEEEBHETRAMRME LR,
HI R 7 WU, % SR B 3 B A B R BB AR A AL A
BONE 3 A7 6 — & B R BB, OF Bk R BN B
=R, A= RS SFYE LA, BEEKE
MR AN AT RO M A B R A R E.
Sh, oA Bg (%) W9 Z IR B g, FER Hom(x) ) KT



556 3 B PR 300 45 Bl R % SE IR s A BT 107
3 Ler 1.6
2 1.2 F 1.2F
N S o8} < ost
o, : §| a -
3 3 !
~ 0 g 04p S 041 N
z = S
e
=1 0.0F 0.0F EY
2 A 1 L 1 1 L | 0.4 1 1 L 'I L 1 1 -0.4 1 1 1 L
4 -3 -2-1 01 2 3 4 4-3-2 -101 2 34 2 -1 0 ] 3
resid_rstd(t) resid_rstd(t) resid BPV.(1)
(a) (b) (e)
3 DRREFINAFRERLSHES
Figure 3 Pair-wise Dependency Analysis for the Regression Residuals
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Table 7 Parameter Estimation Results for the Joint Model
HRI(5) K BiEl(6) K BRI(7) K
AE fHitE WEE pMHE A ftE fRfEE p A A fitE tREE pMHE
[on 0.001 0.000 0.000 ay -0.738 0.162  0.000 By 0.006 0.014 0.642
@3 0.080 0.024  0.001 oy 0.397 0.029  0.000 B -0.005 0.006 0.346
(h 0.067 0.023  0.003 o, 0.351 0.042  0.000 B 0.012 0.014 0.406
s 0.077 0.022 0.000 a, 0.186 0.035 0.000 B 0.004 0.006 0.511
P 0.087 0.020 0.000 o, 0.168 0.017 0.000 B 0.010 0.013 0.473
[ 0.062 0.019 0.001 a, -0.031 0.046 0.501 B 0.018 0.013 0.153
P12 0.065 0.021 0.002 o -0.044 0.017 0.010 Bis 0.011 0.013 0.371
a;, -0.068 0.046 0.141 Bis 0.005 0.013 0.702
Qo 0.032 0.043 0.455 Bs 2 0.124 0.026  0.000
Oy 3 0.070 0.040  0.083 Bs 5 0.078 0.027  0.004
oy 0.003 0.042 0.940 Bss 0.098 0.025 0.000
g -0.155 0.011  0.000 Bs.s 0.086 0.025 0.001
g 0.006 0.006 0.355 Bs .1 0.078 0.027 0.004
Bsis  0.095 0.025 0.000
Bsx  0.122  0.023  0.000
m, 0.013 0.003 0.000
m, 0.002 0.002 0.288
n,  —=0.079 0.008 0.000
n, 0.031 0.008 0.000

log likelihood = - 2 744. 578
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Table 8 Parameter Estimation Results for the Joint Model after Deleting Insignificant Independent Variables

HWREI(5) K BRI(6) (g, =0) BR(T) (m, =0)

A¥ fhiHE tEE pfE A¥ MhiHE tfEE pfE A¥ MhiHE tEE pfE
@ 0.002 0.000 0.000 a, -0.752 0.157 0.000 B 0.019 0.007 0.005
@3 0.080 0.024 0.001 o 0.392 0.029 0.000 Bs. 0.123  0.026 0.000
@y 0.065 0.023 0.005 a, 0.357 0.042  0.000 Bs. 0.078 0.027 0.003
s 0.076 0.022 0.001 a, 0.186 0.035 0.000 Bs s 0.096 0.025 0.000
P 0.082 0.020 0.000 a 0.166 0.016  0.000 Bs.o 0.085 0.025 0.001
Pn 0.062 0.019 0.002 ay -0.034 0.010 0.001 Bs 12 0.078 0.027  0.004
Pia 0.062 0.021 0.003 Qs 0.081 0.032 0.011 Bs 1 0.094  0.025 0.000

&1 -0.157 0.011  0.000 Bsxn 0.124 0.024  0.000
m, 0.014 0.003 0.000
n,  -=0.079 0.008 0.000
ny 0.030 0.008 0.000

log likelihood = — 2 751. 293

B, Sk 6) bR ERIE BRI (-
1) <01.D(e)" \D(0)> FD(e)*, HIEE (7) X by Ik B %
Bl BEAERE z2(r-1) <01 J[z(t-1) <0].2(t- 1),
D(t)'\D(2)*.D()° F1D(2)*, I 45 1K A& BLRY B4 6 1
B Reg(x) = ga,m(x) = ma,n(x) = na+ na’,
TEWHEM FEHAN AR HATRAMURMT, S
RWFS, pIF ST H, BT %LU B A = RN K R
Woa E5%WBEZHKETREN, £ HHEHE
KMEBERPBEIMBEHKTETEE. RS
52 R3 . RATH, BT NS E B R
SRR E RS, RS KB skl 25 3
4 22 P 2 0 Bk B I 3h B R Bk A 5 1 BT A8 0 2 Bt
H A THEERL S #TSEA TR RIFE
EAKNZL MARKBrSHMATENREZE
FiTHE, BENAES. &8 — & ¥R
MFETAAAGETHESESEZRARHEREU
EFEFEAZFHRZERA LS LRER, &
BTN N, % Sk P h 7 75 0F 8 JA = 0 B9 45 98 H %
GRS FAERME - NS SELSH Y,

LLE 8 TS H M ENER, 5B HWEE(5)
L (6)XF (7)) M E B EF F resr(e),
res_BPV (t) il res_RJ(t), #8112 8 B A 2% &
HINFERI P,

XTERFO AL S WA, RAM BRI ERES
3 (5)aR L (6)R M (7) R i3 S 85 4 5 3 % 8
BT BN S B, k= 57 2
WA XRMEA B, |ERER %

S P h A5 50 0 Bk R U 3 B iy B 15 Bk 2 A 2 A A
£ 12 35 W0 ORE S, o R U, Wi 2 3R o 4 U Bl A Bk
P BIRZERE BEFNHRLER,

R BRERBEOBREFEINEAXREY
Table 9 Correlation for the Regression Residuals
of the Joint Model

res_r(t) res_BPV_ (t) res_RJ(t)
res_r(t) 1. 000 = _
res_BPV (t) “QuaR3 1. 000 o
(-14.918""")
0. 109 -0.253
res_RJ(t) 1.000

(4.174™%) ( -9.994""")

R EFTREEAHEILE, TR,

R4 7 B 9% 78 Bk A 15 B B8 K 0 AR il 3 P ) R B
g(x) m(x) fin(x) WikE,FlHRSTHSHAITE
BEFI e (1) &, (1) Fes () WAETHE, HHEMNZ
E MK REOFF FRIOBHEE, FFle (1) 6,(1)
ey (1) ZBIAFETE 35 0 A 56 | 3R B AR BF 98 1 BK
A BRLGE o 3T oA B g(x) om(x) Fon(x) G HEE,
ARMABHKER ELENMBKE I FHE TR
o ) 2 7 A 4
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ﬁ 10 Bﬁ]el(f) \Ez(t)ﬂ 83(‘) mﬁ*ﬁ&
Table 10 Correlation for Series £,(t), &,(t), £(f)

g (t) &, (1) & (1)
&, (1) 1. 000 - -
o 0. 001  ouo
& (0.050) ' -
0. 000 0. 000
a3(1) (0.001)  (0.002) 1.000
6 &ig

AW FEAEAR MK R A B9 E Al b, X AR AR
PR P B PR BRI B BR & B AR, 3F M BOC IR IR
T 2 8kt , 2005 474 A8 H 2201145 H23 H I I
30035 A9 5 43 B 3 0 BHE X Holi 25 R R B LB B
MRS REEATHR. RS RERA, KRS ELE
o % BB 2 B A 56 Ok R & F AL, AR T 4 B I
2 %8 | ¥ B2 {5 30 A Bk BRI 30 B Bl B R B Al SR Gy
R T SR TR A O 5 AR R L HE SR BB A BEER
BB L BZEIGFERE MR, Rikd EH
e 3 55 Wit 25 2T B A R UG 2 ST F X 2 B R AR A
Pt GE 05 M AE TE A TR R B , TTRE § AR R AL 0 4
HHS BT REER R, ABFREHE MRS
METHNHESEMAENSHAE, LHTRR
GRETEREINARHETAGRITSESMIED
OKESEEMAREFMER, T -PHBIRE
EZREERNER T ERRLATHIFESLBRE
T8 BB P BR300 A W 4%, 3 fE e BE Tl b IR A B A
R F B8 4 & BT A R B AT Ik o
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A Joint Model for CSI300 Index Return and Realized Volatility

Qu Hui,Liu Ye
School of Management and Engineering, Nanjing University, Nanjing 210093, China

Abstract : The return and volatility of financial assets are critical for making investment and risk management decisions. Since
there might be dependencies among innovations of return and volatility, we divide realized volatility into continuous-time volatility
and jump volatility and then propose a joint model for return, continuous-time volatility and jump volatility, which also character-
izes the dependencies among innovations. Finally the maximum likelihood estimation method for the joint model is provided. Em-
pirical tests using CSI300 index’s 5-minute high frequency data between 2005.4. 8 and 2011. 5. 23 show that, there do exist sta-
tistically significant correlations among innovations of its return, continuous-time volatility and jump volatility, which makes the
traditional method of separately modeling and estimating each time series questionable. On the other hand, in addition, parame-
ter estimation results of the joint model show that, the leverage effect and weekday effect of CSI300 index’s realized volatility
mostly come from the continuous-time volatility component. The joint model improves the efficiency of parameter estimation
through appropriate modeling dependencies among innovations.

Keywords : realized volatility ; continuous-time volatility ; jump volatility ; dependencies among innovations; joint model ; high-fre-

quency data
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