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Abstract

The article uses the data of the daily closing price of Bitcoin from September 1, 2015 to August 31,
2021, and sets January 23, 2020 as the time node for the outbreak of the COVID-19. Using the
ARCH effect model, the GARCH model and the APARCH model to compare and analyze the volatility
of Bitcoin’s return rate and its leverage effect before and after the outbreak of the COVID-19. The
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results of the study showed that: before and after the outbreak, there was an obvious ARCH effect
in the Bitcoin return rate; at the same time, the impact was a persistent process on the Bitcoin
market, but the impact of past fluctuations on the future was gradually weakening; there is no sig-
nificant leverage effect in the Bitcoin market before the outbreak, and there is a positive leverage
effect after the outbreak.
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Figure 1. Time sequence diagram of Bitcoin closing price
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Figure 3. Histogram of Bitcoin’s return rate
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Table 1. Descriptive statistics of Bitcoin return rate
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Figure 4. Normality test
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Figure 5. The autocorrelation graph and partial autocorrelation graph of the Bitcoin rate of return (Rate) before (rn1) and af-
ter (rn2) the outbreak
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Table 4. Intercept terms and coefficients before and after the outbreak
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Figure 6. ACF diagram of the autocorrelation coefficient of the residual term of the Bitcoin return (r) (Note: rnl represents
before the outbreak, rn2 represents after the outbreak)
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Figure 7. ACF plot of the autocorrelation coefficient of the residual square of the Bitcoin return (r) (Note: rnl represents
before the outbreak, rn2 represents after the outbreak)
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Figure 8. Bitcoin return rate r residual squared line graph (Note: rnl represents before the outbreak, rn2 represents after the
outbreak)
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5 FiR:

Table 5. Information criterion results after fitting of each model

F 5. JFREWAFNEREMNER

PN B R AT
e AIC BIC SIC HQIC
GARCH(I, 1) -3.873231 —3.859821 —3.873244 —3.868252
GARCH(1, 2) —3.872351 —3.855588 —3.872370 -3.866127
GARCH(2, 1) -3.871551 —3.854788 -3.871571 —3.865328
GARCH(2, 2) —3.871105 —3.850989 -3.871133 —3.863636
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Continued
v Y oa
GARCH(1, 1) —3.636608 —3.606756 —3.636700 —3.624975
GARCH(1, 2) —3.632994 —3.595679 —3.633138 —3.618452
GARCH(2, 1) —3.646814 —3.609499 —3.646958 —3.632273
GARCH(2, 2) —3.648638 —3.603860 —3.648845 —3.631189

B 5w g, R TEE FH GARCH(1, DERILA . M@ REEdE, mTaEm 44
GARCH #/4(#) AIC. BIC. SIC. HQIC I8, BEZETHEMEhHgn, A AIC. BIC S{E IF A 153
REMAG, IO T2 175 )5 IR EOCHE tH % 2 5 T I GARCH(L, 1)BERYSRgEAT £ A%

GARCH(1, DR T 45 192 6 Fror. eHILAT A, (R AT bups e &5 2 ferh,
& ARCH Tii(B)i& /& GARCH Tl (o) FL B % 340 5 P 2.3 (p < 0.01), 3t M T 2R B UL 25 26 8 51) 14D 38 2 iy S A
FEARREME AR S0 N S5 RFAE - [, e M2t #61) ARCH i GARCH Tz F35 /T 1 (R AT N
0.9731; MEKJG: N 0.96), HFFENSEMARFM. XHTHIRE MEAEF BT 1, XUt
T4 F T 2 (R R M A 2 R B RIVHE (A T A2 — AN AR R, 0 ] 3B a2 TR A A T o e AR R I B A
HEMEH . Bk GARCH(1, DR PRl e, H@5Mrr 2RI 12 i 2 Msahxs bRy Ml st 2 15
WA P A PR, B ik 2 ()9 0 56 AR SR P 5 M 6 328 T R sk 21 00

Table 6. GARCH(1, 1) model estimation results
5% 6. GARCH(1, )f&E&I{&it425

Y Er: Yoail]
flivHE SE t P
7 1.654E-03 7.196E-04 2.299 0.0215
® 6.607E-05 1.188E-05 5.561 0.0000
a 1.852E-01 2.502E-02 7.403 0.0000
B 7.898E-01 2.370E-02 33.323 0.0000
Bt ke
1 3.92E-03 1.53E-03 2.562 0.0104
® 7.41E-05 2.50E-05 2.968 0.0030
a 7.20E-02 2.19E-02 3.288 0.0010
B 8.88E-01 2.59E-02 34.239 0.0000

4.5.2. GARCH =8 IR ENZRED

TERLE 58 GARCH(1, DIEALJG, A SO R 45 J R 22 AT 00T, SRAFARIEAL IR 2 /7 51, 45 R R
K 9 FioR:

K 9 R TR R J5 GARCH(L, DIEAEMA 5 bR dEAb 5 I 5% 22 7 I 7 B, nT LUE Hbs Ak S
(IR 2 7 5 A B B SR TR AN . ] 10 SR AruEAbBR 21 ACF R PACF B, H1bm] Ak 7 sk il
TEBAF DX 18] N (B HR € i 2R X ) b R BRER, thRIARHEAL SR 22 5 8 AN LA H MG, sl SR —
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Figure 9. GARCH (1, 1) residual error sequence diagram after standardization (Note: res] is the residual before the epidem-
ic, res2 is the residual after the epidemic)

[E 9. GARCH(1, WFNEXEHIFRERFEICE: resl ARIBFATINRE, res2 ARIBEIZE)
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Figure 10. ACF and PACF plots of residuals and residual squares
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Figure 11. ACF and PACF plots of standardized residuals and squared returns
11. tREREFREFE R F 758 ACF # PACF

4.6. FLFFR O HT

XA B ST APARCH(1, )RR DU 52 (R B 1 A i i ELIRE T T 3208 5 AR AEATAT RN o B DL £
SRR T PR

Table 7. APARCH(1, 1) fitting results
52 7. APARCH(1, DIA& L

APARCH(1, 1)

Estimate Std. Error t value P-value
I 0.0018253 0.000734 2.488 0.0129
w 0.000714 0.000126 5.683 0.0000
a 0.183410 0.020847 8.798 0.0000
P A
y —-0.053016 0.051328 -1.033 0.3017
B 0.812094 0.020131 40.341 0.0000
1.321386 0.1836837 7.194 0.0000
I 0.00333 0.000239 13.938 0.0000
w 0.014104 0.004164 3.387 0.0007
a 0.063416 0.027072 2.342 0.0192
g e
y 0.628122 0.277549 2.263 0.0236
B 0.904156 0.021364 42.321 0.0000
0 0.386726 0.537825 0.719 0.4721

HI4 7 WL, e R AR EUAE T T AL A RSN B (y < 0), (HiZ R A &3 (P-value > 0.05),
BB 1 A I LU ARy T T 37 AN AP AEALAT 20080 s MO AE BENE R A EURE T T 37 A7 6 S22 3 10 1R TR AT AT 20N
(7>0, P-value <0.05), Ui fpfar bbb ey (RN R, R4 B0 i 5 2 (e A ph by, ERRy
YA B 3 Bl LEANAEAE DA R 2K, 35 2 i B TS AR T A sl 5 DUAR AT o

RN E A AT AR LA B A 36, AR A RT3 8 P i3k 8 Wl BRI AT
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] APARCH(1, DI FIRRZESIA LR E, RHREAFETF IS, U APARCH(I, 1) HdE
EIRIRYT .

Table 8. Standardized residual test
%< 8. FRENKRERT

APARCH(1, )FRifELIRZER I

Wk 7 bt =1 V1R Statistic P-value

Ljung-Box Test R Q(10) 20.48314 0.0250

Ljung-Box Test R Q(15) 22.08813 0.1055

Ljung-Box Test R Q(20) 11.75172 0.0592

P BT Ljung-Box Test R? Q(10) 10.74181 0.3020
Ljung-Box Test R? Q(15) 14.36264 0.4982

Ljung-Box Test R? Q(20) 17.44181 0.6241

LM Arch Test R TR? 12.95085 0.3726

Ljung-Box Test R Q(10) 0.222728 1.0000

Ljung-Box Test R Q(15) 0.225461 1.0000

Ljung-Box Test R Q(20) 0.227481 1.0000

PR JE Ljung-Box Test R? Q(10) 2.10E-05 1.0000
Ljung-Box Test R? Q(15) 2.53E-05 1.0000

Ljung-Box Test R? Q(20) 3.37E-05 1.0000

LM Arch Test R TR? 10.16077 0.6019

5. &hig

g bpmk, WAL LRt

e, BTSRRI A LU B R G IR B ARCH 208, 3 B AR 1% 8l ml LAR 3 8 1 5 s
ST 3 HAE 25 H A 5 T5 207 FE b, B /& ARCH ik /& GARCH T, H: 2 ¥ B 2% (p < 0.01),
X R I R AT i R TSR 28 5 1 AR 20 L Y A SR R M R R S8 HH R

HW, sl % n) ARCH Ti5 GARCH Tz MUNT 1 Jf B RS B 1, 6 W25 48 K A i 18t
B S T 228 AR, [RIB tER B i o T 2% A 7 ZE IR e A S 4 T R, T — N RE AR IS AR,
Bt 2> RESE R M LR M IR 28, (X PR 5 A 2 B 46 ) IR (0 HERS I T 5, B0 Uit 25 18
BIAF AR I R 23 15 RS o

e, PEVERRCAT I LR T T A IEAS B35 (0 ST AT 3508, 2 B e 175 8 K i 1) LU AR T T 39 AN A TEAT
FERGRE, AR RIANE 2 IE T 22 0 S BT s MM A& & A 2 s e fa, thARem
TAAFAE S IE AT AR RO8E, 2R R B phh LU IR ph e OO R, R 2 H B0 60 45 U2 (2 1 % 4k
i, LR U R 2R A AR TS BN K, X5 AT IS 1 IS LURE M M e sl 8 DU A
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