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Nonparametric Estimation of the Continuous Power Variation
and Discrete Volatility Jumps in the Ultra-high Frequency Stock
Prices’
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Abstract This paper analyzes the realized jump volatility and jump probability of US SPC500 returns using the
ultra-high frequency such as the five minute returns spanning the period from January 2001 through September 2010.
The realized rate of returns, realized variation and realized bipower variation have the characteristics of nonnormal
distributions and the volatility clustering effects. The volatility of US SPC500 appeared appreciably large in years
2002. 2004, 2006 and 2008, and especially large in year 2009 during which the world financial crisis occurred. The
empirical results show that many large jumps appeared right after the world financial crisis. Especially before and
after the year 2009, the realized variations had the extremely large discrete jumps and appreciably large jumps
occurred in years 2002, 2004, 2006 and 2008, respectively. The empirical estimates also show that the realized US
SPC500 five minute returns have the jump probability that there is at least one significant jump per five or seven days
using the Tripower quarticity, nine or ten days using Quad-power quarticity, ten or twenty days using Min realized
variation(Min RV) and Med realized variation(Med RV) during January 2001 through September 2010 at common

critical levels.
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<FE 1-1> SPC 500 A9 7|25 A%
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<3E1-2>+= SPCH00 F7HA1¢] 20004 1€ 3955 20100 9¢ 30€ 7k 9] 2702¢ &<t Ad=
FAEY WEA AZ BAGS BT oz dF 58 A9 7Y FHFEY] BAAEE
Hetd Frh RRES WA A-E SPCS00 F7HA9] &5 HEtl™, RVe A3d 89 WE
5o FdEY S Uede AL Ay WHEA(realized volatility)S YENH, BVE A3
bipower = &2 WHEAS UeET R]_BVE bipowers AFE3FA-S Wl SPC500 F7HA49] =9 &
of A¥¥ HZE Yehye, R]_Stat® Tripowers AFEdS weo] (14)2A Hod HZFALGS
Uebdth 9o BAY TolA Hit(mean)S R HIZEAHFA R]_StatE ALstas BF 98

of FAGFLEA AEE

pe)

9 o= Fito] 0o 7HAA vEbaL it

<E1-2> A¥E FJ&, 239 v Add F=Zo VxFAH

W A=A H Ak Bt | o %k FAA
RR 2702 -0.081879 -0.00019639 0.07431 0.011471
RV 2702 2.8124e-006  0.00011562 0.0057833 0.00024127
BV(0.999) 2702 2.8124e-006  0.00011317 0.0057833 0.00023814
RJ_BV(0.999) 2702 0 2.4557e-006  0.00062376 1.8088e-005
RJ_Stat 2702 -2.0399 1.0049 12.143 1.5335

F) Zocte g FoaEs v

<O™E2> T 99 v adg=ZEeEd 747 SPC500 7492 RV, BV, RR, 18|31 R] BVe AdA=%

(correlogram)¥ & A= H(partial correlogram)S YWERW i, ofge] ¥ 23z E52 15 ZH7+9
271 %% #(autocorrelation) o] “1Efz el FE 4 ¥(partial autocorrelation) 7o Z#ZES 747

Ve AL, wl ofef o] = RV BV wxbd ¥ (cross—correlation) 12| ZE ERHTE

<TaY2>A A #7143 E ECorrelogram) 9F F-E 4 # = X (PCRG)E HW, WA RVe BVE ©
o= zA7Id#Age]l YEbda AR AdHE FIEFERR)S AlAF 40914 1-2719] oFsk 2] 4
A& Astars A9 ARl floy WEd HEZRJBV)E 1H5 AlA 2, 10, 18 Sl A A7)
dabge] eyl AR o2 ARt A E Al 2] AdAd o] drERA] ket

T ar A7) (ACE) 9 8 A7 333 (PACF) S 128 B 9loA9h npartA =
Al RV} BV ©@7]3bel]l zh717dd o] ZabA vebda gl e, Ad® 8RR A7 474 o
Aol fla WEA AZ(R]_BV)E 7HF velda 9 oA I+ & W Wed Aea
w o] wAEy] wWitolth, <1¥1-2>9 AU wpA e geZo A= RVSE BV w#HCCE) 1
s Jepdla dEd GA] @)t ARBATE vl § =out AR Aol s )3tk A A
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Ao eyttt
<E 2> Add FI9ERRF Add dFAHRV)
A 2384 +£94&(RR)
a. Normality Test
Statistic t-Test P-Value
Skewness -0.078567 1.6682 0.095274
Excess Kurtosis 6.0348 64.092 0.00000
Jarque-Bera 4102.9 0.00000

b. ARCH Test

ARCH 1-2 test: F(2,2697) =  366.98 [0.0000]x:
ARCH 1-5 test: F(5,2691) = 189.96 [0.0000]:
ARCH 1-10 test:  F(10,2681)=  102.98 [0.0000]x:

c. Q-Statistics

Q-Statistics on Squared data

Q( = 154236  [0.0000000]=*
Q( 10) = 251372  [0.0000000]:
Q( 20) = 3807.48  [0.0000000]xx*
Q( 50) = 607494  [0.0000000]:x

d. Lo and MacKinlay Variance-Ratio Test

N VR stat ZN stat P-value
5.00000 0.83862 -1.99591 0.04594

e. Long Memory Test

Hurst-Mandelbrot R/S test statistics: 0.923014
Lo R/S test statistics (g=1): 0.949639

Critical Values: 90%: [0.861, 1.747], 95%: [0.809, 1.862], 99%: [0.721, 2.098]

f. RUNS TEST = 0.534695 [0.5928608]

B. 2849 ¥&A4RV)

a. Normality Test

Statistic t-Test P-Value
Skewness 9.8762 209.70 0.00000
Excess Kurtosis 156.07 1657.5 0.00000
Jarque-Bera 2.7861e+006 NaN 0.00000
b. ARCH Test

ARCH 1-2 test: F(2,2697) = 176.46 [0.0000]**

ARCH 1-5 test: F(52691) = 118.65 [0.0000]**

ARCH 1-10 test:  F(10,2681)=  92.209 [0.0000]::

c. Q-Statistics

Q-Statistics on Squared data

Q( = 856.411  [0.0000000]x
Q( 10) = 137993  [0.0000000]xx*
Q( 20) = 1880.20  [0.0000000]x
Q( 50) = 2392.10  [0.0000000]xx*

d. Lo and MacKinlay Variance-Ratio Test

N VR stat ZN stat P-value
5.00000 3.59690 10.45193 0.00000

e. Long Memory Test

Hurst-Mandelbrot R/S test statistics: 7.20365
Lo R/S test statistics (g=1): 5.55829

Critical Values: 90%: [0.861, 1.747], 95%: [0.809, 1.862], 99%: [0.721, 2.098]

f. RUNS TEST=-33.9652 [0.0000000]x

S B, 2N stat=[VRN) — 1]/ v Var(VR) $A4 23S Jerdth ZNS 4 2o

) Lo and Mackinlay Variance-Ratio A4 N& AJx¢] /|45 yEl®, VRS Variance-Ratio %7 &

AL B EEN,1)0]

c}.

Hurst-Mandelbrot Testol A #F71 & 27|40l 314 ZE=thi= Aol Lo Testoll A FAF71Hd

94

pus

=4 (long-term dependence)©] & A 3}#]

30

T Aol i 1% 9

I~ Z
T

i ARIrel 712

LR
=

=) 7]

e

[e2



Yi, C.-D. (2011)/JETEM 22(4)/16-46
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S, <H2>o| o} Pl
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SPC500 F7FA149] Ad® ®es@®V)el tidt o8 71x &4&
HolFa uf, WA AFEE HAAAY JdEE B 9832 YEIY 5%9 1% FoFEolA L2%
o2 A XA Jov HL I FAF] 156072 Ve AFEERT A WESA UEbs
31, Jarque-Berra S A GA w9 =4 YElY FAFEESA EFE
Agel gk 212 ARCH TAF ez AT A3 AR 1-107b4] 5 o] &4k 7HAAL = A o=
ey ml=r SPCS00 F7FA 7] WEe A FAAIEY 54E 7ML A
Asg AdE W RV)e Ao A7 dHE g
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FwdA mE SPCS00 F7HAgE dEYArE oidee S HoFa v B
Hurst-Mandelbrot®] R/S #7-& A &e] 7.20, Lo®l R/S HAABEAZFe] 55622 HeEbY 5% 58 1%
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A &4 AT glek,

3) Bipower ® &
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<% 3> Bipower ¥3A4(BV)
a. Normality Test

Statistic t-Test P-Value

Skewness 10.065 213.70 0.00000

Excess Kurtosis 162.93 1730.4 0.00000

Jarque-Bera 3.0343e+006 . 0.00000
b. ARCH Test

ARCH 1-2 test: F(2,2697)
ARCH 1-5 test: F(5,2691)
ARCH 1-10 test: F(10,2681)

c. Q-Statistics
Q-Statistics on Squared data

163.59 [0.0000]:x
116.82 [0.0000]x
90.688 [0.0000]::

Q( 5) = 812.395  [0.0000000]x*
Q( 10) = 1281.26  [0.0000000]x
Q( 20) = 170453  [0.0000000]xx
Q( 50) = 2208.99  [0.0000000]:

d. Lo and MacKinlay Variance-Ratio Test

N VR stat ZN stat P-value
5.00000 3.55834 10.41728 0.00000

e. Long Memory Test

Hurst-Mandelbrot R/S test statistics: 7.19855
Lo R/S test statistics (g=1): 557842

f. RUNS TEST=-33.6993 [0.0000000]x:
F)RE GAoIA = 1 % wolFwolA A¥bdel 71749E ekt

ot A3E d=z AN A=FAF

1) A= AFA

<E4>e] SIFEAE ddd FZRIBV)Y ®EAS Ueda ok WA At x JAA A
JrE B 215302 vERY 919 AdE g9 WERV_BV)S uh7bAR 1% Fo ol A
LEZOoR XA doy, HE GA 6215302 YElY AFEEXEY FH mZE3H, Jarque-Berra

SAFE AA st A FEe EolFa v
gy 9o AEd sejEd 4dE WE ) 2dE Bipower Msd o] SPC500 F7HAe] A

d¥l HZ(R]_BV) 9A ARCH FAEFo 2 43 A3 ARCH Z¥7F 5% ool YEy A
o] SPC500 F7FA<Fe] WHEAde Hzol A7]|7}

Weka Slags UEhdn. oA AR RE q SAFeR AR A3 550714 A7 g B
AAE dds 7HAA e Ao et

3, Lo¢t MacKinlay®] #4hul & A4 EAFS W SPC500 F7FA42 A 27t ©7](N=5)o]
A g ags AFMES V17ekA Eeka QAW N=100]49] A7ldAM s ddagts A7)
Ag 71ZFsta vk 283l Hurst-Mandelbrot®] R/S AAEAFoN A E 27|43 Al AIEAd#o]
5%t 1% frolFEolAl glvke 2S 714ate] xze] AAYE &S vebda Atk Lo® R/S A
BEAFANNE 5% 1% F95F 2% AFE SPC500 F7HA72 HZ(RV_BV)7F @719 &AL
e AAY Ve A wH(g=1), 4719E4(=10,20,50,100)7 F7] 71 HAE AL YA k=

UERSEIL, Runs A REAdS A71dadde] fle Aoz Yeistn.
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< 4> A¥d AFAH FZRIBV)S H= FAF(R]_Stat)

AWEH A= (R]_BV)

a. Normality Test

Statistic t-Test P-Value
Skewness 21.529 45712 0.00000
Excess Kurtosis 621.53 6600.9 0.00000
Jarque-Bera 4.3700e+007 . 0.00000

b. ARCH Test

ARCH 1-2 test: F(2,2697)
ARCH 1-5 test: F(5,2691)
ARCH 1-10 test:  F(10,2681)

159.31 [0.0000]x
78.980 [0.0000]xx
42.515 [0.0000]+*

c. Q-Statistics

Q-Statistics on Squared data

Q( 5) = 325.375  [0.0000000]x*
Q( 10) = 325392  [0.0000000]x
Q( 20) = 325444  [0.0000000]xx*
Q( 50) = 377549  [0.0000000]:

d. Lo and MacKinlay Variance-Ratio Test

N VR stat ZN stat P-value
5.00000 1.45470 1.33840 0.18077
10.00000 1.83354 1.70273 0.08362
30.00000 2.16232 1.90434 0.05687
50.00000 2.47201 2.23062 0.02571
100.00000 3.31680 3.14158 0.00168

e. Long Memory Test

Hurst-Mandelbrot R/S test statistics: 2.28422
Lo R/S test statistics (g=1): 2.27526

Lo R/S test statistics (q=10): 1.67441

Lo R/S test statistics (q=20): 1.59585

Lo R/S test statistics (q=50): 1.47666

Lo R/S test statistics (g=100): 1.29729

Critical Values: 90%: [0.861, 1.747], 95%: [0.809, 1.862], 99%: [0.721, 2.098]

f. RUNS TEST = 0.194552 [0.8457435]

B. =3 A =F(RJ_Stat)

a. Normality Test

Statistic t-Test P-Value

Skewness 1.5444 32.792 7.5544e-236

Excess Kurtosis 5.2140 55.375 0.00000

Jarque—Bera 4134.8 NaN 0.00000
b. ARCH Test

ARCH 1-2 test: F(2,2697)
ARCH 1-5 test: F(5,2691) 1.4990 [0.1868]
ARCH 1-10 test:  F(10,2681) 1.6966 [0.0757]
ARCH 1-20 test: F(20,2661)=  1.2145 [0.2312]
ARCH 1-50 test:  F(50,2601)=  1.1861 [0.1755]
ARCH 1-100 test: F(100,2501)= 0.99111 [0.5069]

1.7899 [0.1672]

c. Q-Statistics

Q-Statistics on Squared data

Q( 5) = 801367 [0.1554841]
Q( 10) = 195007  [0.0343449]
Q( 20) = 28.0365 [0.1085391]
Q( 50) = 674498 [0.0504669]

d. Lo and MacKinlay Variance-Ratio Test

N VR stat ZN stat P-value
5.00000 1.12921 2.88738 0.00388

e. Long Memory Test

Hurst-Mandelbrot R/S test statistics: 2.82062
Lo R/S test statistics (g=1): 2.76629
Critical Values: 90%: [0.861, 1.7471, 95%: [0.809, 1.862], 99%: [0.721, 2.098]

f. RUNS TEST = -0.881268 [0.3781729]

F) BE AAANA x(e0)= 5%(1%) fFolFEolr A7 el 717Es YEhith

kA SPC500 F7FA1 2] Ad® HZ(RJ_BV)9 @77 Sd@7|d o2 Al
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o gmel A7 olBAbe A3 4P theA veht AW, 4714 o 2 SPCS00 FH 4
o WER Az rlgEgel glon 5% oA Eye] demw Addad: ATt

4 77eA Zatm Azasel Aol n ddaA wAs: olvk

2) AX 5AF

<3E4>9] ol F-Eel A= Tripowers ARg3te] 3 Ad¥ HEZFAF(R]_Stat)S HEF I Q)
t}. Tripowers AF&3Fo] 3 AdH AZFAZFR]_Stat) GA] Add AEZ(R]_BV)e Aol o4
P =2 Ao vzt A YErE

= AEE AAEAY JEE BH 15452 YEY 5% fFolFTodA S8Fo= A9 Jom A

T 9 5212 Yey AFEIZEY wEete 281 Jarque-Berra A% Al w9 A el
AEEsn JA e Aoz eyt ARCH SAHCR2 #AAZ A3 Al 1-1007HA] E5F o]
S 73 ok SPC500 F7HA] ®leAd A ZE q TAFoE AAYE 4Hes A Ae
5-5071 FollA 107147t 5% FolgEolA  HEZEATFL Med QA AAISH] A=

o8 Yo 1 ¢ Agdde BF AAGE Aol gle Ao E YEw

18] 3L Tripowers ARE$ SPC500 F=7HA 9] Add A F A ZF(R]_Stat)> Lo®t MacKinlay <]
a1 g AAGEATF] 57loA = 11322 YERY 5% FrogaddA ddeads AFES 717
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5% 1% frelatol A A7 ol glemw FrA F54 AA dEhtal A vk Runs A7

A

AAl A7 ATl Qe Aoz vEy SPCS00 FrHAFE Ardoer HEEA o] 5% f+osEl
A g ade AR J14eA Reata glon 37119 FHAel Qe Ao veu
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AR AEHI 2 o dddoz wsAdol 22 7o AmEs FHEAAS HoFa 9lon,
wk FoE WEe AV7E & A 22 Fo] 7 S o] F+= WA H T (volatility clustering)
A4S Holu 3 E3] SPC500 7Rl dist AdE 9 ERR) W& 20023 20033 A

i
4
19
et
o,
S
>
tlo
i
o
=
i
2
)

A &9 HEFRV)Y 2dE =9 &2 Bipower HEA

34



Yi, C.-D. (2011)/JETEM 22(4)/16-46

(BV)& 9 5 HEA wWEAPZ(volatility clustering) 84S @3k Hola ¢l&d, SPC500
EF HERV)Y Ad" $9E59 Bipower M5 (BV) EF A 20099 A
Y EY HEAdL 20009 A ol AA YERETIE 20099 S A A

SPC500 7141479 Add & HsAHARV)Z Add +9E9 Bipower ¥-54(BV)2 20004
g xof dX with 7 A vlawd T WsAdo] AAAR, 2003dF-H 200774 = v A W5 A
H s

ol 2 e AlRske] 20099 A
3]

chebseh,

SEskel SPCS00 F/HA ol Hle HAE FolEe] WEA YERIBVIY EE BE 2001
W3k 200440 Abolel okzhel frolmel HEAb Mwsl vekor, AA #4977 HAsAR
2009 AFol= SPCH00 F7FAol theh HAdd Fo)&5 ®

220080 AE FAe] FF A9E A UEta gor 20108 AFeE W 2 FE B
& wolm Slth SPCS00 F7HAFe 4o FolA WEAH FLEAZGe] TejzZst MEY HAxel 1
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v, 34 Jz 44 g8

SPC500 F7HA el tigh dde sjEe] Wed FZ(RV-BV)9 2AsES WA <HEba>, <3
5b> |3l <FE5c>ol A

Quad-power quarticity 74-F= o] stk gl 7 Ao o] dFe Hxrt dyYd &gE
< (1ol YeEhd agkel Wt FatAed, 2 AFdAE a=0.90, 0.95, 0.995, 0999 183 09999 &
o] ofg] grell whe} vro] Zbzt

9} Zo] Tri-power quarticity “d-%-¢F <3%6a>, <FE6b>18 1 <FE6¢c>9

o,
I

7h e g ekl

1) Tri-power quarticity X 5 AF

AA, (1) 2FE Tri-power quarticitys AF&3dko] -3k SPC500 F7FA ol gt 3=
g0 WEAdY Hx TAGES F 27029 FolA FalA EAET WA <Fba>olA durd
=090 2 W SPC500 F/HA%el W AAH ool WL S 057 W vehgy AT wgs
© 3542%% UeEbgrh 0=0.959 Wi P 35 7398 UEgn PE wAsEe 27.35%%
e 20006t Pl =e] SPCH00 F7HA= A Z7F ARs]l A dEwth 2Eske] o=0.95¢ W
mse] SPC500 F7FA S5 2000-20101 Abolo] i 3669 ol ¥ W
of ¢ F W 7h7ke]l SPC500 F7kHA=2] e} & MEdol =7t A

0=0995 A Wi F 27029 FolA 4338 HEsb AASke] 1603%°) WA e PEARL ]
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ddl 50 =8 SPC500 F7HAr+ Hlud A Z7F Wol dojyltt= AS & & Advk. 719 11.03
d F 1190l & WA vare] SPCH00 F7HA G wl$- 2 HZ7F #AE Aoz yeylt oA &
O oagtel & a=0.99999] A g-ol= HEZ7F 146W doluA HErb @A E FEo] 540% LA
18524 wholl & WA w9 SPC500 F7HAFE HZ7h wAlgh 2102 e

=4, Tri-power quarticitys AF&3g SPC500 F7HA o digh AdH FJES =21 HEdS A
|3 (12)29 21 Ax FAZFE ol&ste] 73 Hx HAGES <GEbh>olA AHEW a=0.90°]
H, F 2702 4 ol 910 W Ao b Aste] HEvh bAe o] 33.68%7F WEME AL, a=0.959]
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oF 7.88Y wro| A7} g w4 AIsETh a=0.9999] AfelE F 2,702 ¥ FolA HEZ7F 1649 Ao
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<¥E 5a> Tripower quarticityE Al &3S ] A= &

9= (critical level) [0.900 0.950 0.995 0.999 0.9999

o) A A (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
3> )<=

71d 2 A 270.2 135.1 927.02 2.702 0.2702

(under Ho=no jump)
WA HAx I

(detected number o0f|957 739 433 245 146
jumps)

Z 3L @.%

He— 0.3542 0.2735 0.1603 0.0907 0.0540

(probability of jumps)

<¥ 5b> Tripower quarticityE A} &3S v =212 A= 35

9% 2 (critical level) [0.900 0.950 0.995 0.999 0.9999

) A A (critical value) |1.28155 1.6449 2.5758 3.0902 3.7190
) 3L 2=

R 270.2 135.1 27.02 2.702 0.2702

(under Ho=no jump)
B A A

(detected number 0of|910 671 343 164 82
jumps)

Z 3L ﬁ%

H— 0.3368 0.2483 0.1269 0.0607 0.0303

(probability of jumps)

<X 5c> Tripower quarticityE Al43S v J) 22 F= &&

o= (critical level) [0.900 0.950 0.995 0.999 0.9999
o) Al X (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
71d AL A 270.2 135.1 27.02 2.702 0.2702
(under Ho=no jump) ’ ) ) ) )
DAY HE s
(detected number of|883 627 310 137 67
jumps)
7<-]_L pj-e

0.3268 0.2321 0.1147 0.0507 0.0248

(probablhty of jumps)

AMA, <FbSc>oll A Tri-power quarticitys AF&3F SPC500 F7FA]4el tisk A3 w #9959 I

g
2 248 27 MEHS ASE (IDYORTY T 21 FZEAFEL AHEstel T8 P w4y

FC a=0.9001%, & 2702 4 FolA 883 W HZs} WAe] FEsl BT FEo] 3268%E e
oo oF 39 well @ Wy =7k wAskl 0095009, & 2702 o FolA 627 W R =Ib

8724 wboll H=Z7t 3 w4 e Azl dibHRl SAHFEL] a=0.9999 F 5
13731 dojubA 507%9 H=z7F 2T FES 758 +
Ak mRAT o 8 0=0.9999% o}F =& FFolA = F 2,70
o] 248%9° Hx7F 2L FES VIFsdTh wEbd 9o HZEAF] Al oA m=e
SPC500 F7FA15=9 - a=0.99%5% ¢ 11-16%° A= HAGES 7|58} L a=0.99d 2+

5-9% Ee] e F FL BYRED AFY T2 o] FU WA wel & Wy T FL} Y A
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o2 eyt

2) Quad-power quarticity Al 3 A= SAF

olA AEZF A Qo] Tri-power quarticity ™4l Quad-power quarticity® AF&3 A5 23
2 &3 2} RAA, Quad-power quarticityS AF&ste] (1A A] F3F Hx
SPC500 F7F=<roll gt Ade Folge WesAde] A= HASGES <G 6a>olA HH, a=090
o, F 2,702¢ FolA 91 Hzyb dAste] 36.68%2 HEZIES YERNATE =095 FHZ e
Sl7F 756W vreb HEZoF e g o] 27.98% % ERSE T
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=
ol
o
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o
[0
ol
)

<¥ 6a> Quad-power quarticityE Al€ 3 w = F&

9= (critical level) [0.900 0.950 0.995 0.999 0.9999
A A A (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
7ld) A Il
(under Ho=no jump) 270.2 135.1 13.51 2.702 0.2702
WA HEZ A
(detected number of|991 756 385 262 163
jumps)
HE S8 0.3668 0.2798 0.1425 0.0970 0.0603
(probability of jumps) |- . : : :
<X 6b> Quad-power quarticityE Al€HS W 21 A= &F
Fre]9==(critical level) [0.900 0.950 0.995 0.999 0.9999
AV A A (critical value) |1.28155 1.6449 2.5758 3.0902 3.7190
35 ) 2=
19 = A 270.2 135.1 13.51 2.702 0.2702
(under Ho=no jump)
WAE Hx g4
(detected number 0f]|946 704 307 187 104
jumps)
HE SHE 0.3501 0.2605 0.1136 0.0692 0.0385
(probability of jumps) |- : : : :
<¥ 6¢c> Quad-power quarticityE Al 3PS 9 FJ 22 F= &&
Fr o= (critical level) [0.900 0.950 0.995 0.999 0.9999
A1 Al A (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
) 3L 2=
71 A ZHT 270.2 135.1 13.51 2.702 0.2702
(under Ho=no jump)
B A e
(detected number of|906 643 256 142 74
jumps)
2] 3T :&L%
H B . 0.3353 0.2380 0.0947 0.0526 0.0274
(probability of jumps)

nl=re] SPCH00 F7FAFE a=0.995 o = & 27029 FollA 385W Hz7t dAste] 14.25 %9
AZgES ehla Aok AZ BAYRE QWA FFo] =09999] Aol F 2702 A Fo
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3, Az EAE ol AdE WERV) tialel H4 AdE WEMin RV)S Abgste] -3

Az ANiEe dx gd5S HH g5y 2o 34, F4 AdE H5Min RV)S AF83ke (17)
2o A ek HEZFA S o8&t SPC500 F7FA ol tigh Add FoEe] WeAe] Az A
FES <HE Ta>olA BW =090 4 w, & 27029 FoA 971 HAzZ7} wrAste] 3594%, a=0.95

&
W odze] sl vh 7619 e 2816%° A E DS ES 747 YERUTH

n=re] SPC500 F7HA = a=0.995 ¢ wi+= 386% 7t wrAste] 1429 %°] Hx A g E
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A BASES <FE 7oA AHEY. & 27024 FoAA, a=090 & w {76 Hxz7} FA5}Ho]
32.42%, a=0.950]H H3Zo] 357} 648H ERL} 2398%<] A E HATES LR S A= ] =)
SPC500 F7HA 4% 0=0.995 ¢ wj= 256 HZ7F wrAiate] 9 qx gEo] YENAL, a
=0.9999] A $dl= HAE7F 157H dojupx Hxzrl dAE &Eo] 580%= 247t ST},
<& 7a> Min RVE A £3& vl A= &

o)== (critical level) [0.900 0.950 0.995 0.999 0.9999
o) A X (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
71g) A2 Il

(under Ho=no jump) |270-2 135.1 27.02 2.702 0.2702
Llc R S

(detected number of|971 761 386 292 179
jumps)

(orobability of jumps) |0-359 0.2816 0.1429 0.1081 0.0662
<& 7b> Min RVE A& & o 21 IAX &

G4 (critical level) [0.900 0.950 0.995 0.999 0.9999
&1 A =] (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
7t A2 4

(under Ho=no jump) |270-2 135.1 27.02 2.702 0.2702
HAE HE )4

(detected number of|876 648 256 157 74
jumps)

HE SHE 0.3242 0.2398 0.094 0.058 274
(probablhty of jumps) |- . 0947 05 0.027
<% 7c> Min RVE A&3& 9 o 21 F= F&

o)== (critical level) [0.900 0.950 0.995 0.999 0.9999
o) Al A (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
AR 270.2 135.1 27.02 2.702 0.2702
(under Ho=no jump) : : : : :
HEs RS RCRA

(detected number of|849 613 237 132 61
jumps)

M g 142 99

Corobability of jumps) |03 0.2269 0.0877 0.0489 0.0258

AA, SPC500 F7FAgro] tigh ddd o8] WeAde] AT PLES Ha J4dd HE
(Min RV)& Abgste] (194 elA 73 A 20 HZSAFE o] &sto] <FETc>ollM BH, &
A omf 8499 H=7F A ske] 31.42%, a=0.9501W Ao
2.69%°] Az BASES 242 yetdllth vl=5e SPC500 F7HA = a=0.995 2
T7%° Az A FEo] YERREaL, a=0.9999] 7 --ol !

A= WA g Lyl

o

o] W= 237 A=)
o Jojipa] 4.89% 9]

o= "z~
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n =9l SPC500 F7FA+= 430 =z 7F whAste]l 1591%9 #x iA SEo] YEwaL, a=0.999¢]
dols AEZ7E 2029 dojubs Hzrh TS gEo] 10.81% %= WERST

=4, SPC500 F7FA]Fell tigh A3 d s HeAde A= dAgES 387 s AW 23
g WEMed RV)S ARESto] (22)2 04 3 = HZFAGFS ol &ste] 73 H=z TARES
<3E8b>oll A AH ATk F 27029 FolA, a=090 ¥ = 968W =7} HAste] 35.83%, a=0.95¢]1

Hxol 347F 7248 YEhY 2680%9] HE wysgs 7h7t Wtk v=e] SPC500 F7kA
a=0.995 < wi= 300 FHZ7} @AEte] 11.10% M= A FEo] vebykal, a=0.9999 4
Hz7b 186w dojubA M=y whAE sEo] 6.89%= e 25 & WA HZ7l Ayl
AA, AN AdE W5 Med RV)S ARS8 (23)2olA 3 Ad 21 FZEAFS 0%
<E8e>olA ®W, wFe] SPC500 F7HAGE & 27029 FolA, a=0.909 w 956 HZ7} st
o 35.38%, a=0.95°1" o] Sl7F 702 Yt 2598%¢] A x A SES 247 el v
o] SPC500 F7FAFE a=0.995 ¢ wi 286 M7 wAsle] 1058%9 HZ WA 2
3L, a=0.999¢] Aol H=Z7F 1770 dojubA 655%<] HZ WA sE] YERY} G 250 3 HA
HEZ7b B 2oz eyt

o O
o

o

o

<% 8a> Med RVE Al&3S v A= &5

ol (critical level) [0.900 0.950 0.995 0.999 0.9999

o) A X (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
iva 2=

R 270.2 135.1 27.02 2.702 0.2702

(under Ho=no jump)
HAE Hx g

(detected number of[1030 830 430 292 183
jumps)

Az 35

= - 0.3812 0.3072 0.1591 0.1081 0.0677

(probability of jumps)

<& 8> Med RVE A4S v 21 H=E &

o] (critical level) [0.900 0.950 0.995 0.999 0.9999

&1 A =] (critical value) [1.28155 1.6449 2.5758 3.0902 3.7190
J s ) 2=

R 270.2 135.1 27.02 2.702 0.2702

(under Ho=no jump)
A" Hx 4
(detected number of|968 724 300 186 95
jumps)

A =

(probability of jumps)

0.3583 0.2630 0.1110 0.0689 0.0352
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Ad WX (Min RV)eF H7 A ®EA(Med RV)E Abgste] 43 Hzdsda = B7
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Fol M= = rH A Hxep HxzwEdo] AF FostA uEhwta, AW Ad WE A (Med
3

6-10%2) A=Al SEo] Ukt 102 £ 1996 @ WA felg Bxsl wasadd

e B oATE AT QA AE vEeE A@WEY oEL FHOZ HT 20008-2010
A Abel AAMOE b Faw v SPC 5009 SRt FHAFe WBAHS HFHoR AW
A3, BA wEY BHowE 248y YE BN AX WEHY FE 24RE L gxy
B B5E FAFoRA OB By ol HFHOLE AL BARE U AZg AL
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