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BEAT T, {H 2 HAR-RV BRI b H B2 SN F A 5 B EIAE 5 FEAR ARG RO IRAE, A
FETRAAE Gy AR ME B R SRBE A 0T AL o A Af F CScBl sl 2. i35 C sl 8 %
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SEBIMER 0. 7 2208 1 AL 43 A (TEd) ML AR 815 81 o A SC DAL J7 SRR Bl 26 3047 S A
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2015 4 — 3t ARl s b L R GO SRR BRI Tk KRG A BTids, X SRl
YRR, ik, AU 78 22 m 50 B )R 300 fi5# 2014 4F 1 H 2 H = 2016 4
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PR T £ E35°8 Jarque—Bera ADF
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FIE4 5RO
3.2.2 ESHUEN R G THERIR

ANTTIBH 2.2 5 S T RAR ZE L PR RE TP R O A S AZ TS = I N Bl A
THIE, FRR 300 FEE EH NS R, I BEA R H R ESERIESH. BT
THINEANIR], & e 3h 2R A4S 3 (0 45 AT AR B ZL, an S B8 F IR A (B HEA T X b 234
A fe 2z M SSECE AR BN ZRAE AT R E A, BRI, 9 fRIEXS L &5 R BT SE vk, Xt JEn
WS HR A AT hRUEAC AL EE . S R A E R 3E4T min-max ARr#E{L(Min-max normalization) 2k 14
A, flEE RyERI[0,111X 18], 452080 m H W Eh 741, 2 gefe— K BT HER
G376

3.2 (@), (b). (c). (d) YR 300 FEE kA2, B G- HEE R AR E
SCIUZ AL TR B A A SR BT EE I, AT DUE = AN 03 AT SRR, H B s il
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(c) D)
3.2 PR 300 IRHUKR I ESTELE

% 3.2 HEFTHA BN NG RERGE, W IR T 0, (REEHK
T 0, WSS KIOLHERE: VERER T IES AT KERE( 3, YODIACaE 3P A LA
U LRI EL J-B S R L R A AR IE 50 A 0B 26 R S
HMEAB B T, BT LR R TR LR 51, 58P ELHEREAF AL,
st —b 25 AL TR.

3.2 ERIKENERGEIHHFE

BI1E i £ Vg Jarque-Bera ADF
S AL T 0.063 5.564***  45410%** 58714.08***  -6.634***
T J5 T3 0.049 5.222%**  37,985%** 40711.35***  -5.870***
TIRAEE 0.049 5.117***  37.526%** 39065.55%** -5 620***

3.2.3 WeAhF KR FR IR
DR R [ B T A7 AR AR X AR AN, i) EGARCH f5 7R TGARCH FE A XA 25 58 2 41 i i
i T =4k GARCH A HZ 4 2 L a0 Bk, T B — Sk ks bt A 3] GARCH(,1)
B, PR, X HLE T R EGARCH(L,1)E A1 TGARCH(1, 1)1 ,
% 3.3 EXTERRY

o 251 Y1 B
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0.001%** 0.073%%* 0.024%** 0.937%%*
TGARCH
o (0.000) (0.011) (0.013) (0.007)
I 300
-0.113%%x 0.122%% -0.019%** 0.997%**
EGARCH
(0.023) (0.014) (0.010) (0.002)

(JE: ***FR1E 1% 8B AKF BIRLRIRE. )
% 3.3 JNIPA 300 5% H UL 25 % EGARCH(L, )R ALAT TGARCH(L, D) AU 4558,

KA1 TGARCH(L LB e PRt S Ky, KT 0 HmfE B3, Uil SRR B IE
Al L, S SECT — B IUE RIS 75 25, EGARCH(1, 1) BLAY i {Ex Fr i 2
By s fZ R, K56, Haf LS HAAE S 0. DLESSERF 7R, IR 300 454k

B RAEAEESPRALRE, S8 WP 2R 28 R S RLAEAT e T A R R i 2 e Lk ) Jse Bz, B
S R 1R RS T A IR B8 K . S T ELOLAIA A H B0 13 2 X GARCH AL ) %
AU E A BEEAS 2000 H s s sl 2 1 95, 5 X FR GARCH #2247 ) —
WALHE, 2 65 H PN OSSR AE R — /KPR b, Pl 50080 26 47 i e

1.2

 RB00 IR
— CugmdbE |10
—— TGARCHEUESI%E || og

Y v

-.08

-12

04 0 O
14 15 16

[E3.4 PR 300 HEHUKREh RN G R X EEE

HE 3.4 FIXFELE TR B, fEAEXNTFR GARCH B8, J7 Z Pl 25 RNkt BEsh Xt
TR AR SR FEAN SIS, A R R AR BORIN ,  T s R Al e Rt
PEARAIFASREAR PR O] AR AR 20 . I BAEE 3.4 v, Ul & AR AP RR IS, 4n
2014 F—H 2=, X P GARCH B il 1 I Z B, C Sl sh Z LA X #X GARCH
BRI s R R AT
3.3.4 FEXFFRIERL

FEXIFR GARCH 1 B BE AR IUAE A B XS Bt , B CSE B sh Z L AR X X GARCH #5
RUAGHHH (R0 B0 ZR A WA A R AR A 1 S AR b R I BE I o A/ N4 2% 1 I BN 2 5
Pt R 5P A AR PR R eI 2 22 80808 P IR 300 $RE T H AN [l 2,
B AL KA N IERE R r YRR (r ™) (W 4 K035 ~-0.0727, TIAbHE S flic 25 %

FPAi 2 RAB9-0.0727, IEWREE R P81 24 RAE A 0 3178,
* 3.4 IESU S R AR R TS T
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YA bRtz ot FE G ¥ Jarque-Bera ADF
rt 0.006 0.010 2.362*** 9.572*** 2000.805*** -24.061***
r- -0.006 0.012 -3.693*** 19.006*** 9490.602*** -9.427%**

(VE: J-B Hith&E(arque&Bera, 1987)kxds 1 /¥4 M IEASTEM E L. ADF ZET &/ AIC 358
Dickey-Fuller Ziit & (Cheung&Lai, 1995), ***FIR{E 1% & MKV LR/, )

R AN [ i ORI AU a0t T2 0 T A v A L S B B 2 R R R T, AR SCAE [l
VAR IR PR 24 U R 0 A DU 00 I 50503 5 KR 43 Xt = T LSk BL s et
TR T, EEEEA R

=C+C*r7 + G +Crnr + 0+ 0, + G o+ G

* 1 s+ Ca*1i s+ Co*nrt g+ Cro 1y + &
Horp C RHHL et AN EMEE, He~N(0,0,.2). #2505 RAS-B i 132 0 (] U R 70 3k
ITHE, 21 P Il A AT f o OR B AE R P R A B L R TR, SR T L2 HIL AL
M, RARHEREENMREESGR . . iy s r,s i, HURARRDA:

2= CH+C 1+ Cox 1 +Ca#r +Cyxr +Cs#17,+ Cox1i_, + 2

N LWL B AN (R AR AR B0 B AR BRI, SINAEXIAR R oy« po Ml pg K57 ] BE
MR AR R AN JE PR IE AU e 260 T s R A R 2. py = G /G R
R B PR R B FEFE R O 5 TR AR R X I B M Oy IR 2 LG, BRIARXS BRSO )
TTE, p SNT -1, [HE, py = CyfCafilps = Cg/Csi TN IS — TR S5 I 19 S

i 5 IR R S P B AR E 2 L
% 3.5 [Af TR

VIR 300 FEEL

RK" MRC RV
c —0. 024 0. 007* —0. 024%%x
(0. 004> (0. 004) (0. 004)
c 1. 234%xx 0. 539*xx 0. 968*xx
' (0.261) (0.291) (0. 260)
c —2. 412%%% —1. 588**xx —2. 178%%%
’ (0.214) (0.213) (0.213)
c, 1. 807k 0. 9330k 1. 97 1ok
(0.251) (0. 250) (0. 250)
c —3. 814k —3. 219%xx —3. 890%xkx
* 0.214 (0.213) (0.213)
c 1. 595%kk 1. 391k 1. 7864k
) (0. 248> (0.247) (0. 247)
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c —1. T75%s% =2, 0073k —1. 900
¢ (0.224) (0.222) (0.222)
R? 0. 539 0. 442 0.471
p1 -1.955 -2.946 -2.25
P2 -2.119 -3. 450 -1.974
P3 -1.113 -1.443 1. 064

(FE: ***FoRTE 1% KT EIRAEFEBD
R 35 NEAMGTHER, R AR SR B TR M A S U R, T 0.539.

B, ECEKIZAMGE TS RS RGO T, AT, F e — R, 5 PRI AR
PR RIS — REAEXS PR 1Rl py & /N T--1 H/ANT py Mips, B — RISl L
IEWS 2 FE R B A A b o K, U B e BB S B 0 5 M sh R il ik, eI Ad T
REWS AT HOA G R 300 T A AR 73z, BT Jm — KA R B SE /N, SRR B
A AG PR AR ARBON, i DAAE S S0 756 A A A — 25 1l

UR=Y Y eI EST g

4.1 BEm SRR g

AR S8 = SR UE 45 R AT ) O SEBURAG THE BN 30 T AR IR AN ABR IR AT » PRI A1 A
VR 300 FeEH 2014 4F 1 H 2 HE 2016 4F 12 H 30 H A5 H P ESE & A T sh %
$ 732 AN EAE AT I -

4.1 BRI
Sl bifE 22 i 2 e Jarque-Bera ADF
B S IAG T 0. 049 0. 094 5.222%kx  37.985%kx 40711, 35k -5. 870k
(JE: J-B tit & (JarquedBera, 1987) ka5 1 Fro oA IEASTERF R ADF &3k Tfie/lh ATC 11355
Dickey-Fuller Ziil# (Cheung&lai, 1995). #xRfE 1% RH MK EIEA R B, )

A1 YR 300 B AL THE SR R R ESETE, HER AT A FEAIME RV,
WEZRZERT 0, WHIFFINAR: HEERERNT 3, SWEFIAGER: J-B EHEY
Wzt R PP AN B AR IEAS A0 ADF ka3 45 SRR WIAE DB E MK T, B4 RS, DO
FIPAS, T LA E R A — AR e
4.2 BE5TRN

N8 A I PN Bl SR AT IR T P 910 75 B AT B DR L RO Ja B sl 2 T (1 2446
TR AL, AT FEAT B AR OS50 B AR G B AR 56 . B IR S5 R AN B 4. 1 A 4. 2 s
M ACF W] A R 21 BLE R BL AR s 1 A 9% R 80 =i B TR A7 AR B A AH 5
PRI HEAT AR (1) 2 AR (5) A%
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Series rknew

. _
Q
=< |
e e e S T
0e+00 2e+05 4e+05 G6e+05 8e+05 1e+06
Lag
4.1 CSEHZAETEE R R
Series rknew
=T —
6 o
=z
£ o
T T T T
2e+05 4e+05 Ge+05 8e+05 1e+06
Lag
K 4.2 COSeHUZAL T B A OC R 5
4.2 AERED BB TR
AR(1) AR(2) AR(3) AR(4) AR(5)
@0 0.048*** 0.049*** 0.049*** 0.049*** 0.049***
(0.008) (0.010) (0.012) (0.016) (0.015)
@, 0.683*** 0.540*** 0.494*** 0.444%** 0.449%***
(0.027) (0.036) (0.036) (0.036) (0.037)
© 0.208*** 0.088** 0.068* 0.071*
(0.036) (0.040) (0.039) (0.040)
Qs 0.222*** 0.110*** 0.112***
(0.036) (0.040) (0.040)
@4 0.226*** 0.235%**
(0.036) (0.040)
Ps -0.021
(0.037)
ARCHtest 37.032%** 28.001*** 17.342%** 16.128*** 16.258***
RZ 0.466 0.489 0.514 0.539 0.539
AIC -2.510 -2.549 -2.596 -2.645 -2.641

(FE: ARERENFEFEETEERAMG TR, oo 8RR E 1%, 5% 10%5% 2 1K

FIRgETR. )
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R 4.2 AR Z Bl 45 -, T AR(S) S AR(4) RBU B AL, (B35 T
(KB ARG BB 3, R TR sl 3 @I T AR LI AR(4). XK ARCH fda4h R
) AR LRV, LR ZEAAAE B A SR ey 22 454, DRI A SCE IR GARCH L !
XA A E SIS THSE R AT AT, JF4R HH GARCH-RK B, HERIRUITF:

RK. = o + 91 RK,_1 + 92RK,_5» + p3RK, 3 + +@,RK,_4 + a,,
Ay = Op&,
of = agrajai_; + Prol,,
a, N CSEIA TN S AR AL ZI MR EhBOE B . {e, PRIMEDN 0. T 220y 1 WML [F) 73 Af
(fid)BENLARE S, HARE e IRMBRHE IEZS 70 A1 Bibr L 7 AT

AR S [R]E 2 RE T SCAR 2 1 S AP R E N ESE s Al oF, IFE— P M H# GARCH-MRC.
GARCH-RV LK ARMA-RK. 5 LA DU SRS 38 kA8 g i) — A B Al v 50 ) 28— R
SR Ak FE A ) BRI B 2 AT IR B TR, AT LAERAIEF Tl oY (R R A 2 K MRFEAS
AR, HFASE S RS E 110 250 AMFEA s, B 1-250 AMFEA s T 25 251 ANEHE A, 2-251
ANFEA ST EE 252 N A, DAURSRHE, SRS BITI0NSE B . F i 45 SR 5 95 3h 3 7 1) gk
X LA 2P 4.3 FiIK 4.4, & 4.3 y GARCH-RK BRI TiSE . 1K 4.4 5y GARCH-RV f#
TITRINZE R, P B LA H 7R I ) FR 5 TR BT 1] GARCH-RV AL 21 5 TR 1 45 SR 400 &5 52
HAL, AT B SRR TR EEZES, RATHRASUR R

n
RMSE = Z (67 —62)?,

i=251

n
MAE = Z |o? — 67|,
i=251

s o7 MR ) 922 50 (0707, AR AR REI A B, 67 MRS T H 4 1 7 2%
BT ZE (RMSE) RFZaxtinz (MAE) BOERR/N, 35 0A TR R S B 1 22 56
/Ny BTN ROR kg
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2014-01-02 / 2016-12-30

300 IGARCH-RK Tt il

18 022014 7H 012014 1H 052015 7H 012015 1A 04 2016 7H 012016 12 30 2016

Kl 4.3 CSCBUZ A T 3 3 T 4

P R30085 FGARCH-RV il 2014-01-02/2016-12-30

058 08
08 06
04 04
02 | 02
1H 02 2014 7H 012014 1H 05 2015 7H 012015 18 04 2016 7H 012018 128 30 2016
Bl 4.4 ZRARZETN LR
K 4.4 PR 300 FRECTHUN 45 5
GARCH-RK ARMA-RK GARCH-MRC GARCH-RV
RMSE 0.065 0.078 0.083 0.089
MAE 0.027 0.032 0.037 0.040

T A4 YVIFERI T SE F, BRAT A X TP 300 #5 4%, 1 GARCH-RK 7Y i
ATTRINEY, RMSEFMAE WANMR K BUE iR/, AZ A5 ) 2 10 T A R e 1«
5.451

St 484 250 SR A T bt U A DR T 5 % A BRI R 7 0 S A 70 1 S R,
H5 H ARSI AR L e L S R S M iaE R, ik, BT misdi a7 2 &
PG R H I TR H A AR SCRE T A H A S B, 5N ARG RR R0 1E i ad 2
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XA ] F P95 Bl A AR 2R PR s i 5 R AT P2 o 3t — 2D M HT GARCH A5 AU A ke 6 21 4 I (]
FP3 537 ZH0RFE, 381 GARCH-H P sh R IR AR 0 e sh R BEAT U, 43t DL 45
W B, YR 300 RS AR (0 SIES RR ], A R T DT O 4 R
B AT AL B RS R H P O SEBU SN R RENS 18 25 IR SR X AR RN (A7 A, H 5 — R
A i 15 Bl R 22 T R SR SR B i o FLO, R Y O SEBLI 3N 7 B R B 2% 7 0 22k
SCHPR EL S B ZEE AT GARCH BEAL HE AR, TIP3 300 58 mi il O S BB A A
SCUESS SRR, (] GARCH-RK A5 A ot 5 A AT T FAT B (O TR B2, A7 Bl -4 97
IR 300 FiH ) H st AT TN o B, AN SR T A58 P v A0 3 - A 28 5 IRt ipl sl e A
RYEG AT B R o R A A VE TN SR BB (535, ik T s AT BB A . R
BN R S5 R SRR AR OGN SRR A R i 504
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Research On Intra-day Realized Volatility Prediction Based on GARCH
Method

—Empirical analysis based on high frequency data of CSI 300 index

WU Jing-wen, TIAN Bo-shi

(Business School, HUNAN University, Changsha 410082, China; Business School, HUNAN University,
Changsha 410082, China)

Abstract: Volatility plays an important role in asset allocation, option pricing, and risk management. In
recent years, with the improvement of the availability of high-frequency data, high-frequency intraday
volatility has become a hot research object, which is of great significance for sharp ratio and
high-frequency arbitrage. Aiming at the asymmetric characteristics of intraday realized volatility, we
propose an asymmetric regression model and introduce an asymmetric factor. Further, we use the
high-frequency data of CSI 300 index to make an empirical analysis of the model. It is concluded that
intraday realized nuclear volatility can significantly confirm the existence of asymmetric effect, and the
negative correlation between one-day lagged return and volatility is the strongest. In the aspect of
volatility prediction, this paper combines GARCH model and realized volatility model, and proposes four
combined models to predict intraday volatility of high-frequency financial data. The empirical analysis of
the above models is carried out by using the high-frequency intraday realized volatility series of CSI 300
index. The results in the sample fully show that GARCH-RK has the highest prediction accuracy.

Keywords: High frequency data; High frequency intraday realized volatility; Asymmetric effect; GARCH
model; Volatility prediction
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