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Abstract

This study employs time series analysis and Generalized Autoregressive Conditional
Heteroskedasticity (GARCH) models to explore the volatility and risk characteristics
of global assets. The analysis encompasses 13 assets, including four market indices,
four prominent technology stocks, one cryptocurrency, two foreign exchange markets,
and commodity assets, across three periods: pre-pandemic, during the COVID-19
pandemic, and post-pandemic.Data for the selected assets were obtained from Yahoo
Finance using R packages, with Sharpe ratios, daily returns, and monthly returns
calculated. Ljung-Box Q and ARCH-LM tests were applied to detect ARCH effects and
determine the suitability of GARCH models. Asymmetric effects were examined using
the Joint test, with GJR-GARCH models employed for assets exhibiting asymmetry.
The study analyzed four intervals: full period, pre-pandemic (2017-2019), pandemic
(January 2020—August 2022), and post-pandemic (September 2022—September 2024).

The findings indicate significant market volatility during the pandemic. High-risk
assets, such as NVIDIA and Bitcoin, exhibited pronounced volatility, while safe-haven
assets like gold and crude oil experienced heightened fluctuations amid market
uncertainty. GARCH and GJR-GARCH models effectively captured asset return
volatility, with out-of-sample one-step-ahead forecasts enhancing predictive accuracy.
NVIDIA showed the highest volatility, especially post-pandemic, reflecting the
inherent risks of high-risk assets. The volatility of indices such as the NASDAQ
Composite and CAC 40 revealed the influence of market and economic conditions.
Gold futures saw increased demand during market turbulence, while currency pair
volatilities (e.g., JPY/USD and EUR/USD) reflected the impacts of monetary policies.
After the pandemic subsided in early 2022, the Russia-Ukraine war caused a surge in
asset volatilities, most notably in Brent crude oil. In 2024, crude oil volatility rose again,

likely driven by OPEC+ production cuts and changes in energy demand.

Keywords: ARCH effect, GARCH, GJR-GARCH, JB normality test, Joint test,

one-step-ahead forecast, Sharpe ratio
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Period 4 (#f FF ) 2022/9/1 2024/9/13 Post pandemic (% ¢

7247883t (Av% 2) > 4 %] 5 Full period (= & &
) COVID-19 pandemic (7% J,i o (7 8P F’“)bk’ Post
pandemic (B Frin (78 R f8 ) o S 3P F’“ﬁ EdFgLnzadif oa w2017 &
3 2019 & #-H 7 & L B "?Ta‘ N AT BT AR R 23R &
ROFEEH L > £ H B B mﬁiiiﬂ)’ialég—‘r* 2020 # 1% 1 p 3 2022 # 87
31 p» 5 COVID-19 8 F » £ H .3 7 » 233 F|3 FLHH SR 7T
2002 g FE B ] 0 ANV hed 4L TR AT s o B fs 2022 & 9 7 1 2024
£ 9P RARA NS AR e o

j"{g;t %—%E“I EERFEE
#§) ~ Pre pandemic (& 5/ {7 &

14 7 A FH 442 ePaper(2024 £)



B 35T AR ‘2R B 47

S gt S

log retum

fog retum

fog tetum

Iog retum

leg retum

log retum

I2q retum

pia g d

e X o anK
i : A b 1 b ?
M ol | £33 A M i
S i i o \ . &
42017»01 ZO‘B'&I 201941 20200¢ 202105 2022406 202307 202408 ‘2917-01 2016402 01303 202004 202105 022406 202307 2024-08
é’:& @ ‘d,‘.
= : : z e
-1 aal IW Y el g \NA' @ A\ 1 i AL A
8: Nw ¥ i “is 'J,‘“ L‘,V”M’vlﬂj E_ a "’\ 4'/"’4&‘)“?‘[.& lﬁ.q &ﬁl&‘ knb I‘LJ UY '“‘
g | =)
201701 20182 201993 202008 202105 2022406 202)07 2024-08 2017-01 01602 2019400 20204 021405 202246 202307 2024-08
MSET o G:ﬁs
2] ! | ']L‘ i Tk w1
- | gt il 1 frw i3 v’*"f&" i W ';“"'r 'rwl‘u“;’u
> FE T s .
i o e ol e 5 L G S, o
201701 20M8402 20190) 202004 202105 202206 202307 2024.08 201001 20M802 2019400 202004 202105 202206 202307 2024.08
date
M
® i
= » A1 E kel fl ™
23 )A’JJLJ\I\W A, .E AhWJNS ; o] ,.xw,‘m‘\ ,1.,.»" { o w,,n ‘! Ipi"g J E
-3 B O mmmmm"swwm"m a ‘-mmmmnnwmmmmnmfrmmmrmmmmmmnmmmﬂmmm

200701 20842 201900 202004 202105 202206 202307 2024-08

201701 201842 201800 202004 202105 202206 202307 2024.08

2017-01 01842 201943 202004 202105 202206 202307 202408

leg retum

A
'IIT J~~\*

’1 1 i
'J l.{‘*r\’b‘\ ’\' Y w v\" u‘n Lol [ll

201701 201842 201943 202004 202105 2022406 202307 2024-08

° - JPY:EIB.I) 2
: JJM{M\VWAM w‘“l XM ‘.W ‘_:‘. E

2017.01 201842 201500 202008 202105 202206 20207 2024.08

date

~INADpA i“u" it e o it
\

20701 201802 201843 202004 202105 02206 202307 202448

date

B 3! FHREFEGIRGE I B8R

B2:"7F
EX:

201701 2018.02 201503 202004 202108 202246 2307 0008

dme

| 5 & - E B 2020/1/1~2022/8/31)

1‘*mFF5F"‘$U' Bl > 4idh s 3207 i log @3 SR v S > b s
Pl 5 5 B (2020/1/1~2022/8/31)° LB ¥ +

lj—ﬂ‘ﬂg%ﬁm—‘tl%&

A9 & B R 4 dc (IXIC ~ DAX ~ CAC ~N225) {54~ % % 3 P Ag s i chi.

B0 kT F Lenjpand i (IXIC) s

15

g——[ ’ r}wﬁ

3k Ap B TR AI % (MSFT »

# Y < B H 4 3p2 ePaper(2024 £)



B'ZED ST AR & &1 04T

GOOG ~ NVDA ~ TSM) % 3 = } = enfia) o & 2 50 h%

74 (BZ=F) - B }&

T &Y

B EP AR ¥

3 -60% > ¥ iﬁ'iﬁﬂ%&;&ﬁa‘weg&g< o @ ER M- % (BTC-USD) i
FEBAFSFAPE < ek 4 B8 RR PR PR RAEDEH - 7

[ (GC=F) gt e deifing His keht wsd L3 Sk d

TAET F L Rl WP A AREFR S AT SWRTA o

£ 030 App A AR R (2017/1/1~2024/9/23)

. . . . Excess
#%.  Period nobs Min Max Ql Q3 Mean Median Std  Skewness Kurtosis
1 92 -14.227 14364 -1.630 5284 1.278 1.870  5.553 -0.492 0.128
AIXIC 2 35 -9.965 9.297 0.188 3.551 1.339 2.128  4.257 -1.002 1.117
3 31 -14.227 14364 -4.119 5.660 0.825 0.927 6.958 -0.162 -0.713
4 24 -9.138  10.165 -0.846 5.827 2.260 3238 40911 -0.443 -0.546
1 92 -26.542 23351 -4.482 4.098 -0.004 0.445 7411 -0.225 1.533
CAC 2 35 -13.939 11911 -3.375 4.824 0299 -0.022 6.018 -0.074 -0.540
3 31 -26.542  16.624 -2456 4.065 -0.142 0.294  7.555 -1.217 3.190
4 24 -15.009  23.351 -5.764 4.036 -0.127 0.941 9.343 0.457 -0.192
1 92 -19.183 15.321 -3.267 4.521 0.510 1.206 6.103 -0.373 0.686
DAX 2 35 -9.918 7.939 -1.611 2.881 0.441 0.500 4.167 -0.506 -0.027
3 31 -19.183 15.321 -5.877 4756 -0.372 1.290 7.664 -0.479 -0.118
4 24 -6.412 14.378 -2.570 4.897 2.340 3.509 5.951 0.283 -0.970
1 92 -11.125 14.014 -1.704 3.593 0.743 1.074 4.573 -0.296 0.420
AN22S 2 35 -11.040 7.818 -0.973 3.206 0.620 1.454 4.124 -1.062 0.981
3 31 -11.125  14.014 -2.274 4.177 0.616 0.732  5.173 0.029 0.270
4 24 -6.937 8.173 -1.338 5.004 1.561 0.903 4.282 0.019 -1.055
1040 P AAATE (2017/1/1~2024/9/23)
. . . . Excess
w5,  Period nobs Min Max Q1 Q3 Mean Median Std  Skewness Kurtosis
1 92  -11.571 16.237 -1.312 5740 2.073 2.332  5.748 -0.122 -0.333
MSFT 2 35 -8.779  11.034 0306 5381 2.548 2777  4.504 -0.346 0.095
3 31 -10.521  16.237 -3.904 5.678 1.384 1.448  6.634 0.214 -0.801
4 24 -7.754 14486 -0912 6475 2.606 3.455 5.711 -0.011 -0.759
1 92  -19450 15279 -2.154 6.493 1.537 2226  7.002 -0.415 -0.072
GOO 2 35 -10.290 11.832 -1.731 4.077 1479 2.084  5.240 -0.166 -0.427
G 3 31  -19.450 15.279 -4.091 7.454  1.355 1.552  8.316 -0.470 -0.363
4 24  -13.397 14125 -2.495 7.150 2.220 3.557 7.248 -0.260 -0.841
1 92  -38.590 32.497 -2.947 13390 4.136 5439 14.011 -0.508 0.269
NVD 2 35 -28.982 32.497 -3.291 9.871 2.224 3.305 13.487 -0.492 0.440
A 3 32 -38.590 24.534 -2.641 12.149 2.954 3.295 14.305 -0.722 0.389
4 24  -14.644 31.001 0916 18.881 9.581 10.898 12.819 -0.168 -1.035
1 93  -19.534 33.650 -2.603 6.695 2.130 2.116  9.164 0.454 1.162
TSM 2 35  -14.761 15.565 -0.569  6.361 2.109 1.905 7.150 -0.476 0.061
3 31  -15.336  33.650 -4.009 3.742 1.572 2.229  9.661 0.891 1.954
4 24 -10.794 29.875 -4.750 10.130 4.225 4.537 10.469 0.481 -0.376
2050 dpp A B (2017/1/1~2024/9/23)
“ 5.  Period nobs Min Max Ql Q3 Mean Median Std Skewness Excess
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Kurtosis
1 92 47431  52.844 -8.006 19.847 4.558  3.078 21.544  -0.019  -0.243
BTC- 2 35 45274 52844 -8.843 23078 5724 1715 25111 0.106  -0.737
USD 3 31 47431 39.051 -11.777 19333 2461  3.107 22.672 0287  -0.728
4 24 -17.714 36268 -4.948 11327 4986  3.484 14.235 0484  -0.449
1 79 7174 9786 -1.692 3.034 0.872  0.504  3.695 0357 -0.264
GC 2 29 4161 7.656 -1.520 2066 0.542 0465 2.864 0.532  -0.198
=F 3 27 7174 9.048 -2.380 3.034 0292 -0.529 4.204 0227  -0.678
4 21 4760 9786 -0.681 4.134 1931  1.185 3.729 0429 -0.685
1 79 -69.275 33512 -5.064 6612 0442 2311 12512 -1.862 10919
BZ 2 29 25113 14.009 -4.852 6475 0400 2356 8241  -0.890  1.041
=F 3 27 -69.275 33512 4133 8.665 1.875  4.882 18.696  -1.747  5.469
4 21 -14.034 13306 -6.812 4513 -0.524 0433 7.060  -0.030  -0.918
1 92 6330 6664 -1.063 1.690 0249  0.065 2395  -0.005  0.563
py_x 2 35 3567 2626 -0.983 0739 -0.123  -0.045 1420  -0.124  -0.291
3 31 2739 6664 -0.734 1591 0782 0250  2.300 1.005  0.445
4 24 6330 4404 2439 2482 -0.043 0431 3393 0399  -1.277
1 92 5673 5409 -1317 1254 0.048 -0.019 1.957 0.020  -0.018
EURUSD 2 35 3830 3356 -1.191 1441 0.129  0.021 1.657  -0.056  -0.684
X 3 31 47431 52844  -8.006 19.847 4558  3.078 21.544  -0.019  -0.243
4 24 45274  52.844 -8.843 23078 5724 1715 25.111 0.106  -0.737
itk 3A 44 5V BT SFEERKT A CATREA K S e B R
TE R E R T E R R AR A AF 0 A A iR ]
B QI(% 25 BF A -l ¥ lic (% 50 BF A 8~ Q3(% 75 BF A )
Bt B~ T3E R RE (R TGRS AR (R RS F L) A2
R (FFASFREARR) QO (RRIFTHAT 5 P ML) Q) (I
BIF T > 2 F 5 hp ApBEIE) o

PR e 76-69.2751 1 52.8442 ﬁm' fﬁ:ﬁxﬁ,ﬂ BTC-USD (' 4% 4+ %
ARF) B R A BZ=F(F FHERB) - AR A g A 1.4204
3 25.1112 % = ¢ NVDA-BTC-USD - BZ=F m;ﬁtﬁvﬁn« s B = eh JPY=X
D8 o AR

i B & B 4 2+-1.8623 1 1.0050 > H ¥ JPY=X ¥ B = chih B 53 > B 7 +
W@ BZ=F &8 BF- hihAREH > RR K 5 BFTHEET 2k 4 CAC &
P ~DAX e ~ N225 a#F=qre ~MSFT &#F = ~TSM i &
- ~Z4rz ~BTC-USD & - frz ~ GC=F ~ 72 2 JPY=X i FF = chik B 5
FoRRELBRAT R FHRNEIRE BE CETAT RS 2R RIFERY
FFOR AR > # 40-1.2767 1 3.1903 chit [l > #) F = ¢h CAC 427 5§ 0
AQIFE R > @ JPY=X & - Gudgips B B K AIXIC e F = fow ~ CAC
= for ~DAX ) = for ~ N225 chff e ~MSFT o F - fr= 2 & »
GOOG ~ NVDA = & v ~ TSM 8 # » ~ BTC-USD ~ GC=F » BZ=F ~ JPY=X
- fow ISR TAZRE R E > FIRMBE > RAEMA TR T
Fo2oo B FROAFERANTE FE S BTIRMA T LR BRM D
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13954 7 hIBtest # > 8 I 3 AIXIC Sl =~ AN225 hf B =~ TSM £
BF-Jo= ~BZ=F cnfh F - fv= 2 = ~ JPY=X # & = &7 P-value < ** 0.05
H s FAlen P-value 32/t 0.05° FP4ES B & B3R > BT bR rAE R &
FRRAGZFPREFLR  FRATHEOL G I 2EHH 77 by B T
g4 F FA5 0 & Q(5)eh P-value -] 3+ 0.05° PIIES m & B3k - £ 7 % > 2 GOOG
p B v ~ TSM 8 B ¢h P-value - > 0.05 > d 7 oo T AR5 2 4 p 2 4p B
B EN o d Q25T Far & TSM e B = ~ JPY=X # & - ﬁvQZ(s)ﬁn—ﬁigg
TR AP T %R gL (P-Value<0 05) L3098 & Bk ? ¥ >
TG p g Apsten s H i TR Povalue < 3% 0.05 0 P17 33 T 2 3 é
5“#B&§'Ii*_°

LB AR R TR PR T LB R R F R R T R AR
TR E AR RO R T FR PR AL B JIFEL &L % FIFNIXIC
- fo= 2 v~ DAX e P = ~ BZ=F ) B ~ JPY=X h# ¥ = fez ~
EURUSD=X ## FF = cn§ ¥ @ 5 § > £ 1 EJI & M7 fi’rréjzzfﬁi i+ »GC=F &
BRr R AV IE53 HrEreAdFLOrRIEZRER &) EZ
EURUSD=X e#p fFF — > & p& :l',;‘ggﬁmﬁ&%_ A

260 Tk E

g Period JB test 0(5) 04(5) Sharpe ratio
T 0.1360 0.9303 0.0621 ~0.1490

AXIC 2 0.0106 0.2725 0.4016 0.0715
3 0.7589 0.7391 0.4404 0.0559
4 0.6066 0.6566 0.7552 -0.5389
I 0.0040 0.4655 0.9750 20.2846
CAC 2 0.8781 0.2766 0.1334 -0.2234
3 0.0000 0.7840 0.9294 -0.0764
4 0.6210 0.2685 0.7866 -0.5387
I 0.1076 0.7540 0.3571 0.0534
DAX 2 0.4354 03114 0.7499 0.0544
3 0.5186 0.9854 0.9926 -0.0809

4 0.6102 0.9692 0.7945 0.3833
] 03125 0.3858 0.6384 0.1626

AN22S 2 0.0093 0.0941 0.8563 0.1493
3 0.8537 0.5998 0.8347 0.1190
4 0.6774 0.5491 0.5090 0.3682

1 0.7694 0.6918 0.4283 0.3773
MSFT 2 0.6455 0.2838 0.3838 0.6068
3 0.6672 0.3289 0.6146 0.2200
4 0.8549 0.5159 0.7700 0.4590
1 0.2556 0.2665 0.7994 02222
GOOG 2 0.8678 0.5240 0.4565 0.2814
3 0.5213 0.4548 0.5622 0.1628
4 0.6951 0.0019 0.2102 0.3180
1 0.1038 0.4679 0.8116 0.2952
2 0.3418 0.9867 0.7650 0.1646
NVDA 3 0.1687 0.3003 0.5293 0.2087
4 0.6479 0.4090 0.3931 0.7487
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i g Period JB test 0(5) 04(5) Sharpe ratio
T 0.0002 03437 0.4428 00273
TSM 2 0.4655 0.9174 0.0012 0.2944
3 0.0035 0.7310 0.9242 0.1626
4 0.5848 0.0022 0.7048 0.3832
I 0.9355 0.3887 0.4659 0.2106
2 0.7410 0.6038 0.7768 0.2278
BTC-USD 3 0.6397 0.7954 0.6381 0.1085
4 0.5735 0.9599 0.3062 0.3452
I 0.3940 0.7729 0.6550 0.2344
GOoF 2 0.4681 0.3286 0.3964 0.1875
3 0.7653 0.6919 0.4308 0.0692
4 0.6313 0.2351 0.4878 0.5143
I 20.001 0.5729 0.5081 0.0348
- 2 0.0407 0.3495 0.8944 0.0480
3 <0.001 0.8653 0.9641 0.1002
4 0.8034 0.0749 0.9167 -0.0760
I 0.4546 0.9075 20.001 0.1011
IPY-X 2 0.9409 0.5030 0.4607 -0.0895
3 0.0417 0.4592 0.0762 0.3394
4 0.3706 0.8664 0.6865 20.0179
1 0.9925 0.5880 0.8896 0.0139
2 0.7967 0.7440 0.6323 0.0678
EURUSD=X 3 0.6081 0.2728 0.9263 20,1422
4 0.7005 0.1170 0.8628 0.2434

Note: Q(5) »Q*(5) 4" &/ i Ljung-Box 75 # 2275 £ T 3 4 lag5 # T 7P g -
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pFR-AAAYE

107 pARPAA AR (2017/1/1~2024/9/23)

e . . . Excess
gk Period nobs Min Max Ql Q3 Mean Median Std  Skewness Kurtosis
1 1935 -13.149 8.935 -0.524 0.785 0.061 0.112 1.429 -0.652 7.934
AIXIC 2 752 -4.526 5.672  -0.295 0.634  0.066 0.088 1.015 -0.554 3.859
3 670 -13.149 8.935 -0.775 1.005 0.040 0.146 1.861 -0.746 6.380
4 509 -5.297 7.093 -0.701 0.900 0.078 0.106 1.300 0.049 1.977
1 1935 -12.113 13.668 -1.083 0986  0.006 0.000 2.060 0.278 5.962
CAC 2 752 -6.197 5.183 -0.828 0.937 0.017 0.096 1.439 -0.328 1.150
3 670 -12.113 13.668 -1.201 1.094 0.013 -0.041 2.613 0.266 5.209
4 509 -7.160 8.322 -1.256 0.985 -0.017 -0.091 2.025 0.535 1.985
1 1935 -12.015 9.215 -0.581 0.716  0.025 0.055 1.362 -0.681 9.483
DAX 2 752 -5.151 5244 -0459 0.621 0.023 0.031 1.013 -0.355 3.552
3 670 -12.015 9.215 -0.808 0.820 -0.025 0.056 1.775 -0.814 7.926
4 509 -4.126 5.073  -0.562 0.754  0.090 0.099 1.175 0.209 1.735
AN225 1 1865 -13.234 9.737 -0.558 0.665 0.034 0.073 1.230 -0.538 11.671
2 733 -5.140 3.810 -0.455 0.521 0.026 0.061 0.965 -0.655 3.536
21 W94 HF 444 cPaper(2024 #)
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3 648 -6.274  7.731 -0.738 0.780  0.029 0.071 1.398 0.071 3.177
4 500 -13.234  9.737 -0.564 0.765 0.056 0.094 1.359 -1.347 22920

. 8 paFmAA Y E (2017/1/1~2024/9/23)
5.  Period nobs Min Max Ql Q3 Mean Median Std Skew Exces.s
ness  Kurtosis
1 1938 -15945 13.293 -0.692 1.014 0.105 0.125 1.748 -0.242 7.835
MSFT 2 752 -5.587 7.298 -0.471 0.836 0.130 0.143  1.365 -0.038 3.759
3 670 -15.945 13.293 -0.950 1.226 0.077 0.096 2.168 -0.346 7.615
4 509 -8.030 7.906 -0.786 1.035 0.101 0.117 1.644 0.044 2.704
1 1938 -11.767  9.938 -0.728 0.995 0.073 0.148 1.850 -0.250 4.6138
GOOG 2 752 -8.009  9.938 -0.550 0.838 0.071 0.095 1.461 -0.209 5.7638
3 670 -11.767 8.986 -0.867 1.113 0.071 0200 2.117 -0.172 3.2241
4 509 -10.131 9499 -1.000 1.112 0.068 0210 1.995 -0.358 4.3421
1 1939 -20.771 21.809 -1.458 1.906 0.196 0.277 3.185 -0.105 4.631
NVDA 2 752 -20.771 16.404 -1.103 1549 0.111 0201 2.769 -0.864 7.719
3 670 -20.398 15.834 -1.764 2201 0.142 0.297 3.497 -0.229 2.456
4 509 -10.541 21.809 -1.556 2.264 0.422 0415 3.320 0.718 4.720
1 1935 -15.122 11914 -1.036 1.171 0.102 0.095 2.094 0.097 3.868
TSM 2 752 -6.097 5489 -0.752 0.994 0.106 0.122 1.468 -0.292 1.362
3 670 -15.122 11914 -1.455 1433 0.056 0.068 2.499 -0.072 3.049
4 509  -8.313 11.337 -1.143 1262 0.154 0.000 2.291 0.538 2.788

9 paFp A AN E (2017/1/1~2024/9/23)
g Period  nobs Min Max Q1 Q3 Mean Median Std  Skewness Exces.s
Kurtosis
1 2812 -46.473 22.512 -1.400 1.786 0.146 0.133 3.811 -0.673 11.199
BTC- 2 1094 -20.753 22.512 -1.632 2.138 0.181 0.231 4.309 -0.044 3.445
USD 3 973 -46.473 17.182 -1.569 1.973 0.105 0.154 3.988 -1.656  20.260
4 743  -15489 11462 -1.016 1.334 0.148 -0.010 2.612 0.084 4.140
1 1932 -5.107 5778 -0.391 0.524 0.041 0.053 0.908 -0.217 4.304
GC 2 750  -2.280 3.529 -0.336 0.418 0.037 0.046 0.681 0.113 1.923
=F 3 670  -5.107 5.778 -0.470 0.607 0.018 0.067 1.116 -0.322 4.169
4 508 -2.826 3.107 -0.401 0.622 0.079 0.049 0.898 -0.069 0.987
1 1936  -5.107 5.778 -0.391 0.524 0.041 0.053 0.908 -0.217 4.304
BZ 2 752 -2.280 3.529 -0.336 0.418 0.037 0.046 0.681 0.113 1.923
=F 3 670  -5.107 5.778 -0.470 0.607 0.018 0.067 1.116 -0.322 4.169
4 510 -2.826 3.107 -0.401 0.622 0.079 0.049 0.898 -0.069 0.987
1 2003 -27.976 19.077 -1.014 1.260 0.013 0.207 2.512 -1.392  20.449
JPY 2 775  -7.658 13.639 -0.812 1.012 0.028 0.193 1.812 -0.170 6.084
= 3 695 -27.976 19.077 -1.209 1.664 0.060 0.330 3.423 -1.541 15.662
4 531 -6.623  6.268 -1.195 1.265 -0.049 0.012 1911 -0.348 0.476
1 2003  -2.814 1.821 -0.267 0.274 0.002 0.000 0.448 -0.075 1.738
EUR 2 775  -2.064 1473 -0.262 0.261 0.008 0.012 0.415 0.023 1.099
USD=X 3 695 -2.814 1.598 -0.278 0.277 -0.016 -0.007 0.456 -0.371 2.433
4 531 -1.553 1.821 -0.260 0.292 0.019 0.008 0.482 0.164 1.205

ST

B 6T 8¢ BT FRELRELT A B AR S B R R

F AN ENEERLtEaD TR B E T A AR dEE ] B
Ql (% 25 7 A i)~ @ indic (% 50 F 4 8c)~ Q3 (% 75 7 4 ixdc) ~ ko +
R R (ﬂt#%m%ﬁ%ﬁi@i )\ A (Hcdp s év’v%};ﬁg_.]w} YA R S
Q(5)* * iRl Hcdp LT %t f AP M 12~ Q%(5) (e rldcdhen® = LF 5t Ap M
1) o
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kgt Period Q(5) 04(5) ARCH test
1 <0.001 <0.001 <0.001
NXIC 2 0.0735 <0.001 <0.001
3 <0.001 <0.001 <0.001
4 0.4849 0.0885 0.0012
1 <0.001 <0.001 <0.001
CAC 2 <0.001 <0.001 <0.001
3 <0.001 <0.001 <0.001
4 0.4740 0.1767 0.1414
1 <0.001 <0.001 <0.001
DAX 2 0.0807 <0.001 <0.001
3 <0.001 <0.001 <0.001
4 0.7282 <0.001 <0.001
1 0.0524 <0.001 <0.001
N2 2 0.7262 <0.001 <0.001
3 0.0856 <0.001 <0.001
4 0.5209 <0.001 <0.001
1 <0.001 <0.001 <0.001
MSFT 2 <0.001 <0.001 <0.001
3 <0.001 <0.001 <0.001
4 <0.001 <0.001 <0.001
1 0.0496 <0.001 <0.001
GOOG 2 0.0027 0.0246 02328
3 <0.001 <0.001 <0.001
4 0.5700 0.3332 0.6199
1 0.0234 <0.001 <0.001
NVDA 2 0.4399 <0.001 <0.001
3 0.0009 <0.001 <0.001
4 0.4563 0.9889 0.9996
1 0.0000 <0.001 <0.001
TSM 2 0.4426 <0.001 0.0012
3 0.0000 <0.001 <0.001
4 0.8858 0.0339 0.1890
1 0.1170 <0.001 <0.001
BTC-USD 2 0.3132 <0.001 <0.001
3 0.0062 0.4444 0.1001
4 0.6552 <0.001 <0.001
1 0.1206 <0.001 <0.001
GC=F 2 0.0322 <0.001 0.0621
3 0.2508 <0.001 <0.001
4 0.0818 0.1484 0.0253
1 0.5905 <0.001 <0.001
BZ=F 2 0.0147 <0.001 0.0061
3 0.8230 <0.001 <0.001
4 0.1114 0.4393 0.3451
1 0.8859 <0.001 <0.001
IPY-X 2 0.4590 0.9480 <0.001
3 0.5881 <0.001 <0.001
4 0.3732 <0.001 0.5837
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kgt Period Q(5) 04(5) ARCH test
1 <0.001 <0.001 <0.001
EURUSD=X 2 0.0735 <0.001 0.0294
3 <0.001 <0.001 <0.001
4 0.4849 0.0885 <0.001

Note: Q(5) »Q*(5) 4" &/ F Ljung-Box 74 Z 227 # T 3 4 lag5 # T 7P i -
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R I § S

%11 e )

Model Distribution
ARMA sGARCH gjrGARCH norm Std Sstd
IXIC (0,0) * *
DAX (1,0) * g
CAC (0,0) *
AN225 (0,0) *
MSFT (1,0) * *
GOOG (0,0 *
NVDA (1,0) *
TSM (1,0) * *
BTC-USD (1,0) * *
%
EURUSD=X (0,0 *
JPY=X (0,0) 3 *
GC=F (1,0) *
BZ=F (0,0) *
X
12 $dcfG 3t
IXIC DAX CAC AN225 MSFT GOOG TSM
bo 0. 1401 0.0642 h - 0.1604 0.1119 0.1286
b1 § -0.0676 E - -0.0783 - -0.0622
a, 0.1446 0.1046 0.1003 0.0163 0.1283 0.0815 0.0464
By 0.8544 0.8763 0.8706 0.8213 0.8618 0.9175 0.9526
w 0.0255 0.0419 0.1088 0.0913 0.0588 0.0440 §
Y § - - 0.2076 - - §
n . - 0.9995 0.9151 - 0.9261 §
v 6.0746 5.1656 6.9550 6.8717 5.5859 3.7459 6.1124
NVDA BTC-USD EURUSD=X JPY=X GC=F BZ=F
bo 0.2367 - - 0.0206 0.0366 -
o -0.0462 -0.0470 - - -0.0406 -
a, 0.0970 0.0562 0.0277 0.0881 0.0515 0.0397
By 0.8774 0.9428 0.9673 0.8947 0.9545 0.8935
w 03117 . 0.0010 0.0059 0.01055 0.1429
% - . - - -0.0311 0.0737
n 0.9486 . - - 0.9416 0.8057
v 5.0481 3.599 9.0512 5.5477 42912 5.2195
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