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fliiT(MLE) (8 RS 5 R in gk 2 s,

22 B WTIL 5% GED 4345 = MR d, 4351 —0. 0815, —0.0830 1 —0.0813, Skew —
LA d, 4353k —0.0588 . —0. 0556 F1 —0. 0589, HERAE 1% [H/KF FiEE, FHl-0.5<d, <0,
JITLAR] LLAE W i 68 s 28 R BLCIC P AR R o JEL IS 28 17 81 i) g PE AR B 1 3 6%
3 5 ELAG SRR (AL, B8 06 5 0 5 ST v , gt vl o 3 8 S K sk PR A . S — N ok
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R AT L, BT R K AR (BRI AN A LR ARAR TR AL 1 i i 301 52 140 0 Bl ke - 6 B2 i R
K, ERMFT RO AT RE . FIAPARCH BRI y R85 0. 1122 F10. 03, 22K T, R J5ih ) 62
IS AT— ST R Bk S SO A B e il 0 3l , S — 22 R T R ST I XU o Skew -t 7
AR Ing IR T2 B B 5245 2 1 22 S 0 e A JXURSE e 23 Sk R, 145 i) 6 4 2 ) A A
Wi Bk, 2Kk 5) AR R

R2 BRASYMITER

FIGARCH FIAPACH HYGARCH
GED Skew —t GED Skew —t GED Skew —t
Cst(M) x 104 —1.45 0. 80 -3.19* -1.17 —1.46 0.75
(-1.26) (0.75) (-1.68) (-0.98) (-1.23) (0.71)
d - Arfima(d,) - 0.0815 ™ - 0.0588 *** - 0. 0830 ™ - 0.0556 *** - 0.0813 *** - 0. 0589 ***
(-8.96) (-11.25) (-8.72) (-5.49) (-12.53) (-13.22)
AR(1) 0. 5247 *** 0.5162 ** 0.5261* 0. 5479 *** 0.5235* 0.5144 *
(5.28) (2.24) (1.89) (3.47) (1.92) (2.38)
MA(1) - 0. 5495 ** - 0.5352* —0.5499 * — 0. 5689 *** — 0. 5485 *** —0.5334*
(-2.40) (-2.54) (-1.91) (-5.21) (-6.45) (-2.55)
Cst(V) x 104 (w) 0.5571 *** 1.3787 *** 1. 569 *** 4.9490 ** 0.5811 *** 1. 2497 ***
(3.77) (4.62) (4.82) (5.11) (5.23) (9.76)
d-Figarch(d,) 0. 7672 ** 0. 5641 0. 7332 ** 1.1341 == 0. 7747 *** 0. 5445 ***
(10.25) (11.45) (9.85) (9.93) (12.37) (11.89)
ARCH( &) 0. 2799 *** 0. 2893 *** 0. 2836 0.0126* 0.2737 *** 0. 2966 ***
(4.65) (5.10) (4.76) (1.84) (6.01) (6.17)
GARCH(B) 0.7801 *** 0. 6359 *** 0. 7758 *** 0. 9277 *** 0.7829 *** 0. 6281 ***
(5.11) (4.92) (6.21) (6.35) (5.71) (5.13)
APARCH () 0. 1122 = 0. 0300 *
(4.88) (1.87)
APARCH(8) 1. 7435 *** 1.2626 ***
(8.46) (8.24)
G.E.D. 1. 1867 *** 1. 1954 *** 1. 188 ***
(25.62) (26.71) (21.22)
Asymmetry(Ing) 0.0119 0.0121 0.0120
(1.04) (0.95) (0.99)
Tail 3.7482 *** 3.9256 *** 3. 6581 ***
(5.76) (6.29) (6.14)
Ina —0.0058 0. 0275
(-1.23) (1.37)
AIC -3.16 -3.28 -2.97 -3.17 -3.02 -3.31

R AET A UE Cst(M) A AT ARG F A, Cst(V) 7 2F AR FHITHFT WA L+ | sk Fo s 55 KT 10% 5%
Fo 1% K-F LR

(=) BRI EZHE

BT K% ARFIMA(1,d,,1) — FIGARCH(1,d,,1) ,ARFIMA(1,d,,1) — FIAPARCH(1,d,,1) .
ARFIMA(1,d,,1) —HYGARCH(1,d,,1) =AM 58 22 502 A A7 AE H A S R 5 22800, FeAT]
KM Ljung — Box G it F1l ARCH — LM K35, B T S5E53 B A2 53 e S8l , B Lk i /S 10 By
H150 B i 5% 22 K AT 20 B Kr B 4 2R AN 3 B

MFE 3 BRI 25 RO E , WTT R 02 & 20 00 = A BIRLAE 5% 22 00 J5 10 .50 By &7 i /K7 1%
T AREIELEAAE A TR B , (AR 5k 22 7 7 BN A A DG o S350, 05 5 n R B 3% 22
AR R T ARCH 2500, R =AM ) GED 4341 Fl Skew — t 7341 REAS AL AT HUAUA 1T WTI JEiyih i 6%
(R B 2 IR TR

(=) VaR =5

AFHAR(2) AK(3) FIAK(4) 73 Bk AE GED 1 Skew — t 4341 T WX {EFN R B3,
SRIG AR (T) T Z K KT VaR Az (8) 1R KK VR, i THARRE R, Lk ——7
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H VaR {E 2k 1 R IR S XU A R A A0, 8 TN S TR R B33 HE Y VaR 73 53| #E4T Kupiec [1]
AR . FAT B HTIAE 95% 97.5% 99% 99.5% F199.75% Al EASAE T, RAILITPP VaR

(ELAHERAE .

R3 RERBER

FIGARCH FIAPARCH HYGARCH

GED Skew —t GED Skew —t GED Skew -t

Q(10) 24.2458 98.4753 106.016 109. 949 200. 876 98. 66438
[0.0000 ] [0.0000 ] [0.0000 ] [0.0000 ] [0.0000 ] [0.0000 ]

Q(50) 81.9771 111.610 117.979 122.558 219.801 111.803
[0.0025 ] [0.0000 | [0.0000 | [0.0000 ] [0.0000 | [0.0000 ]

Q2(10) 0.8957 0. 8882 1.6411 1.6295 0.38348 0.9009
[0.9986 ] [0.8282] [0.6501 ] [0.6527] [0.8411] [0.8252]

Q2(50) 37.8945 2.5201 3.1343 3.1369 2.4418 2.5231
[0.7581] [0.9607 ] [0.9256 ] [0.9255] [0.9644 ] [0.9606 ]

ARCH(10) 0.0862 0.1779 0.3280 0.3256 0.1670 0.1804
[0.9979] [0.9710] [0.8964 ] [0.8978] [0.9747] [0.9701 ]

ARCH(50) 0.5217 0.2502 0.3085 0.3087 0.2429 0.2505
[0.8769 ] [0.9908 ] [0.9794 ] [0.9793] [0.9919] [0.9908 ]
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FIGARCH FIAPACH HYGARCH
GED Skew —t GED Skew —t GED Skew —t

95% 0. 0000 0. 0006 0. 0000 0.0749 0. 0000 0.2009

97.5% 0. 0000 0.0814 0. 0986 0.2147 0.0002 0.3296

p::‘l‘t’in 99% 0.8294 0.6795 0.0143 0.0472 0.6722 0.7317
99.5% 0.0359 0.6237 0. 0002 0.2085 0.0225 0. 6959

99.75% 0. 0000 0.6173 0. 0000 0.0616 0. 0000 0.6773

5% 0. 0000 0.5129 0. 0000 0.9114 0. 0000 0.5337
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0.25% 0. 0000 0. 0005 0. 0000 0. 0000 0. 0000 0.0005
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A Study on Risk Measurement of High-frequency Traded

Crude Oil Futures Based on Fractal Theory

YAN Weixiang, LU Yajuan
(School of Finance, Nanjing Audit University, Nanjing 211815, China)

Abstract;: In order to capture the characteristics of crude oil futures, and based on the WTI crude oil futures five minutes high
frequency data to construct the GED distribution and Skew-t distribution of FIGARCH, FIAPARCH and HYGARCH model,
this paper tried to analyze the volatility characteristics and to measure risk by using the fractal theory. The results show that
three kinds of models that better depict the WTI crude oil futures volatility has a long memory feature; HYGARCH model with
Skew-t distribution in the risk measurement of crude oil futures is demonstrated precisely. The VaR of long and short positions
are asymmetric. Hedgers or high-frequency traders can forecast the volatility based on three models, prevent the short-term
volatility broaden abruptly, thus leading to insufficient margin to be liquidated. High frequency trading has a certain role in
improving market liquidity and expanding market depth. Therefore, in the condition of controllable risk, it should encourage
high-frequency trading, which can improve the boom of derivatives market, enhance the stability and the international competi-
tiveness of derivatives market.

Key Words: volatility of crude oil future; high-frequency trading risks; fractal theory; capital market; energy future market;

VaR measurement ; dynamic risks; crude oil investment; financial assets
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