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Abstract; Considering the jumping behaviors and leverage effects in the stock market, a new
multifractal volatility model was constructed based on the HAR model. Taking 5 min high-
frequency data of Shanghai composite index and Shenzhen component index as the research
samples and using the test method of “model confidence set” (MCS), the prediction ability of
each volatility model to China’s stock market in the two sub-samples of high volatility and low
volatility was empirically compared. The results showed that the proposed multifractal volatility
measure index and its measurement model have a good predictive function, especially in the period
of high( extreme) volatility. The results are expected to provide new ideas and methods for the
management and control of financial risks, in particular extreme risks.
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Table 1 Descriptive statistics of RV and MFV series
RIEFREL IR RS
A
InRV InMFV InMVM InMVW InRV InMFV InMVM InMVW
g -0.528 -0.199 -0.244 -0.600 0.032 0.336 0.290 -0.102
PrifE2E  0.584 0. 900 0.916 0.916 0.573 0. 855 0. 876 0. 876
i 0.309 0. 367 0.421 0.421 0.295 0.262 0.326 0. 326
B 955 4.022 3.083 3.183 3.183 3. 661 2.918 3. 005 3. 005
#j— J-B 54.886""" 21.033""" 28.550""" 28.550""" 30.315"""  10.881°""  16.426"""  16.425"""
0(5) 8.907e2""" 71.214"""  69.646""" 69.647 """ 9.400e2""" 86.280°"" 83.452""" 83.452"""
0(10) 1.485e3™"" 1.450€2""" 1.424e2""" 1.424e27"" 1.552e3""" 1.862e2""" 1.818e2""" 1.818e2"""
0(22) 2.222e27"" 2.333e2""" 2.292e2""" 2.292e27"" 2.333e377" 3.092e2""" 3.017€2""" 3.017e2"""
ADF -12.041""" -26.253""" -25.774""" -20.507"""  -17.091""" -23.851 """ -24.641""" -26.628 """
WH 0. 841 0.952 0.924 0.569 1. 047 1. 196 1. 169 0.776
brifEZE 0.982 1. 148 1.178 1. 178 0.904 1.102 1.137 1. 137
A g 0. 400 0.162 0.202 0.202 0. 493 0.142 0. 186 0. 186
o [1Z35° 2. 869 2.533 2.539 2.539 3.240 2.676 2.662 2. 662
#W— J-B 10.540"" 5.180" 6.025"" 6.025"" 16.542""" 2.972 4. 056 4. 056
Q(5) 7.550e2""" 3.862e2""" 3.798e2""" 3.798e2""" 6.021e2""" 3.245¢2""" 3.183e2""" 3.183e2"""
0(10) 1.096e3 """ 5.773€2""" 5.682e2""" 5.682e2""" 8.141e2™"" 4.728e2™"" 4.643e2""" 4.643e2"""
0(22) 1.481e3™"" 7.984e2""" 7.835e2""" 7.835e2""" 1.014e3 """ 6.322e2™"" 6.209e2™"" 6.209e2 """
ADF -5.473""" -7.860""" -8.128""" -9.592""" -5.135""" -7.014""" -7.290""" -8.924"""
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Table 2 Prediction performance of volatility models
_— IEFREL BEIE S
MSE HMSE MAE HMAE QLIKE R’LOG MSE HMSE MAE HMAE QLIKE R’LOG
HAR -
IMEV 0.808 2.487 0.792 0.373 7.379 4.789 0.568 8.459 0.481 0.597 17.500 13.893
T, (1.000) (0.808) (1.000) (1.000) (0.135) (0.452)  (1.000) (0.264) (1.000) (1.000) (0.188) (0.003)
T, (1.000) (0.808) (1.000) (1.000) (0.079) (0.407) (1.000) (0.188) (1.000) (1.000) (0.299) (0.001)
HAR -
INMVW 1.608 2.848 1.195 0.761 0.077 6.464 1.167 8375 0.898 0.627 3.733 5.969
T, (0.000) (0.001) (0.000) (0.000) (1.000) (0.005) (0.000) (0.858) (0.000) (0.058) (0.625) (0.302)
T, (0.000) (0.002) (0.000) (0.000) (1.000) (0.013)  (0.000) (0.911) (0.000) (0.079) (0.551) (0.482)
A HAR-J- 0.823 2.486 0.803 0.374 8374 4.553 0.572 8.462 0.485 0.598 7.130 13.955
#y—-  InMFV
T, (0.000) (1.000) (0.000) (0.623) (0.135) (1.000) (0.026) (0.074) (0.013) (0.157) (0.188) (0.001)
T, (0.000) (1.000) (0.000) (0.623) (0.079) (1.000)  (0.102) (0.113) (0.011) (0.248) (0.364) (0.000)
HAR -] -
InMVW 1.633  2.860 1.206 0.775 0.087 6.535 1.178 8374 0.905 0.626 7.179 6.085
T, (0.000) (0.001) (0.000) (0.000) (0.135) (0.003)  (0.000) (1.000) (0.000) (0.058) (0.625) (0.302)
T, (0.000) (0.002) (0.000) (0.000) (0.118) (0.008)  (0.000) (1.000) (0.000) (0.106) (0.551) (0.482)
LHAR -7J -
) 1,722 3.065 1.234 0.850 0.167 6.862 1.174 8379 0.888 0.633 0.791 5.373
T, (0.000) (0.000) (0.000) (0.000) (0.135) (0.001)  (0.000) (0.846) (0.000) (0.058) (1.000) (1.000)
T, (0.000) (0.000) (0.000) (0.000) (0.079) (0.003) (0.000) (0.911) (0.000) (0.061) (1.000) (1.000)
HAR -J - 0.808 2.508 0.723 1.103 1.469 9.821 1.163 5.602 0.901 1.818 0.950 7.668
InMFV
T, (0.000) (0.000) (0.001) (0.000) (1.000) (0.202)  (0.000) (0.000) (0.000) (0.000) (0.445) (0.026)
T, (0.000) (0.001) (0.002) (0.000) (1.000) (0.977)  (0.000) (0.001) (0.000) (0.000) (0.592) (0.055)
HAR -J -
In 0.53 0.971 0.606 0.644 1.625 9.99% 0.726 2.828 0.701 1.175 5.533 6.507
T (1.000) (1.000) (0.017) (1.000) (0.222) (0.202)  (1.000) (1.000) (1.000) (1.000) (0.445) (1.000)
T, (1.000) (1.000) (0.138) (1.000) (0.143) (0.977)  (1.000) (1.000) (1.000) (1.000) (0.244) (1.000)
A LHAR =7 0.694 2.325 0.638 0.922 9.929 9.529 .46 5674 0.802 1.600 1.277 6.846
Hi— InRV
T, (0.002) (0.005) (0.017) (0.000) (0.222) (1.000) (0.004) (0.003) (0.010) (0.001) (0.445) (0.199)
T, (0.026) (0.006) (0.138) (0.000) (0.147) (1.000)  (0.003) (0.003) (0.017) (0.001) (0.330) (0.575)
LHAR -J -
InMVM 0.818 2.990 0.701 1.103 2.780 9.652 1.320 7.861 0.925 1.980 0.879 7.843
T, (0.001) (0.000) (0.001) (0.000) (0.253) (0.995)  (0.000) (0.000) (0.000) (0.000) (1.000) (0.020)
T, (0.002) (0.001) (0.032) (0.000) (0.274) (0.998)  (0.000) (0.001) (0.000) (0.000) (1.000) (0.018)
LHAR -J -
InMVW 0.565 1.345 0.594 0.685 1.813 9.735 0.869 4.262 0.730 1.342 12.450 7.347
T, (0.002) (0.129) (1.000) (0.057) (0.222) (0.995)  (0.087) (0.043) (0.047) (0.086) (0.223) (0.026)
T, (0.026) (0.071) (1.000) (0.138) (0.143) (0.998)  (0.032) (0.026) (0.090) (0.037) (0.149) (0.259)

e R AR SR, BRI R pR T B e/ M I 27 5 e vh 4555 N BT k4T T 10 000 YK Bootstrap #5548 MCS 45 56
p {8, p HRT 0. LCHPHLANF RIZA BT ) Fom X AR @ 4 MCS #6585 T, HI T 7350 i Bl 8 11 i (range statistic ) B2 0y gt

( semi-quadratic statistic) .



598 ARRXFFR(BAFFIR) %41 %
FERE L AT ST [ 1], oh A RN 2016 ,24
3 Qij:': W (12):10 - 19.

1) XTCA 208 i 3h 2000 B 7 il AT T
e, 48T OB R 2 8 B B R B ik
(MVW). 7F HAR ZEA RIS ) Ltk 1 A T
Z PSR TSR | I 25 58 T BRERFIAT AT 2%
o7 X )3 TS TR Fg 52

2) FHESSRERY], 2SR AE AT
CL S SN 04 3 7 1%, A6 5 Sl R T (%) o H v
A — B s R A T 0 e e sl s 1, LA
ST INAA 5,3 Sk 20 ) 4 T 3 0 sl 10 2 A
TESRHE T BT R, BLAbh, 3T 2 0k gl Al
(TSR T LR M A 4wl i A e e v
JE R A ATFFRON, 55 BUARY 3507 FE 4 il ¢ 7
T8 M B RS W 8 45 1 FH O TR AE 7 T 2 T RE. TR
I, AR SCIA AT 45 SR X6 4 il T 370 0% 201 5 1) G 1 Z)
T % X 4 il PRI P R AR T 8 AT — e 1Y)
PRI ORISR R FH A (.

S

[1] Andersen T G, Bollerslev T. Answering the skeptics: yes,
standard volatility models do provide accurate forecasts[J].
International Economic Review ,1998,39(4) :885 —905.

[2] Corsi F. A simple approximate long-memory model of
realized volatility [ J ]. Journal of Financial Econometrics,
2009,7(2) ;174 - 196.

[3] Tian F,Yang K, Chen L. Realized volatility forecasting of
agricultural commodity futures using the HAR model with
time-varying sparsity [ J ]. International
Forecasting ,2017,33(1) :132 —152.

(4] BRFHR], D6V, 22 —2 T BR IF R0 3l R 5 | R
BRI S R S AR B [ 1], R TR LS 5 5L, 2018,
38(2):299 -316.

(Chen Sheng-li, Guan Tao, Li Yi-jun. Forecasting realized

Journal  of

volatility of Chinese stock index futures based on jumps,
good-bad volatility and Baidu index [ J |. Systems
Engineering-Theory & Practice,2018,38(2) ;299 -316. )

[5] Peng H, Chen R, Mei D, et al. Forecasting the realized
volatility of the Chinese stock market; do the G7 stock
markets help? [J]. Physica A Statistical Mechanics and Its
Applications ,2018 ,501(1) .78 —85.

[6] Clements A,Liao Y. Forecasting the variance of stock index
returns using jumps and cojumps[ J]. International Journal of
Forecasting ,2017,33(3) :729 - 742.

[7] Andersen T G, Bollerslev T, Diebold F X. Roughing it up:
including jump components in the measurement, modeling,
and forecasting of return volatility [ J ]. Review of Economics
& Statistics ,2007 ,89(4) . 701 - 720.

[ 8] EEH, Ap M. JHAEE Lévy it BIR 2l A XU B BRAR
SRR [ 1] . RGeE B4R ,2017 ,25(6) 11089 - 1096.
(Gong Xiao-li, Zhuang Xin-tian. Option pricing of a double
jump model driven by tempered stable Lévy processes and its
application[ J |. Journal of Systems & Management 2017 ,25
(6) :1089 - 1096. )

[9] BB Peltik. % Bk -5 72 WG I8 & A0 I P 300

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(Qu Hui, Cheng Si-yi. The role of cojumps and macro
announcements in forecasting the realized volatility of
Chinese CSI 300 index[J]. Chinese Journal of Management
Science ,2016,24(12) :10 -19. )

MR, 25— 25 OCH. BE T TUUCRE 25 1 1E HAR ALY (1
TR SR T T] . b [ B, 2018,26 (1) 257 -
71.

(Chen Sheng-li, Li Yi-jun, Guan Tao. Forecasting realized
volatility of Chinese stock index futures based on approved
HAR models with median realized quarticity [ J]. Chinese
Journal of Management Science ,2018,26(1) .57 -71.)
Corsi F, Reno R. Discrete-time volatility forecasting with
persistent leverage effect and the link with continuous-time
volatility modeling [ J |. Journal of Business & Economic
Statistics 2012 ,30(3) :368 - 380.

Zhu X, Zhang H,Zhong M. Volatility forecasting using high
frequency data; the role of after-hours information and
leverage effects[ J]. Resources Policy,2017,54 ;58 —70.
Duan Y, Chen W, Zeng Q, et al. Leverage effect, economic
policy uncertainty and realized volatility with regime
switching [ J ]. Physica A Statistical Mechanics and Its
Applications ,2018 ,493 (1) .148 — 154.

W 552 WRIBLRE . T DL v S0 K] A5 T < e 450 6 3 2 95
MBEFE[T]. B A4 ,2017,20(8) <13 -26.

( Luo Jia-wen, Chen Lang-nan. High-frequency volatility
forecast of financial futures based on Bayesian factor model
[J]. Journal of Management Sciences in China, 2017 ,20
(8):13 -26.)

Pan Z,Liu L. Forecasting stock return volatility : a comparison
between the roles of short-term and long-term leverage effects
[J]. Physica A: Statistical Mechanics and Its Applications
2018,492(1) :168 - 180.

Wei Y, Wang P. Forecasting volatility of SSEC in Chinese
stock market using multifractal analysis [ J]. Physica A:
Statistical Mechanics and Its Applications, 2008 ,387 (7) .
1585 —1592.

Chen H, Wu C. Forecasting volatility in Shanghai and
Shenzhen markets based on multifractal analysis[ J]. Physica
A Statistical Mechanics and Its Applications, 2011, 390
(16) :2926 —2935.

FED3, Wk, 5 SERTAT 0N (19 2 T 40 R B B A BT b ]
JRAGHYSESI T T]. G TA 4R ,2015,30(1) :94 - 103.
(Tang Yong, Chen Yan-ru. Multifractal volatility modeling
considering the leverage effect: an empirical analysis from
China stock index [ J]. Journal of Systems Engineering ,2015 ,
30(1) .94 -103.)

BT, D WO AL, 22018 I Sl AR U A Y B H MCS £
B[] EHREAAR,2015,18(8) 161 -72.

(Wei Yu,Ma Feng, Huang Deng-shi. Multi-fractal volatility
forecasting model and its MCS test [ J ]. Journal of
Management Sciences in China,2015,18(8) :61 -72.)

Tao Q, Wei Y, Liu J, et al. Modeling and forecasting
multifractal volatility established upon the heterogeneous
market hypothesis[ J ]. International Review of Economics &
Finance 2018 ,54 :143 - 153.

AU , FRTE. WA B 2B 3l B A eIt e i
EFELT]. RGE TR ,2006,21(6) :568 - 573.
( Guo Ming-yuan, Zhang Shi-ying. Weighted realized
volatility and its long memory and optimal frequency[J].
Journal of Systems Engineering ,2006,21(6) ;568 —573.)
Hansen P R,Lunde A,Nason J M. The model confidence set
[J]. Econometrica,2011,79(2) :453 —497.



