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Abstract

Respiratory diseases caused by New Coronavirus COVID-19 break out all over the world. In order
to better implement the relevant decision-making of epidemic prevention and control, research-
ers use statistical models to predict the trend of epidemic development and evaluate the impact of
the epidemic. In this paper, an error correction model of autoregressive conditional heterosce-
dasticity (ES-GARCH) is proposed to predict the number of deaths and confirmed cases of
COVID-19 for the first time, and other six models are integrated to explore the model with the
highest prediction accuracy. First, the cumulative number of people diagnosed with COVID-19 and
the cumulative number of deaths in Hubei Province were selected, and there were two data sets;
secondly, we divide the data set into training set and test set to build the model; finally, the evalu-
ation index is used to evaluate the prediction accuracy of the model, and the results show that the
ES-GARCH model proposed in this paper has the best prediction results. In addition, in order to
ensure the reliability of the model, two Italian data sets are selected to verify the model. The re-
sults show that the prediction performance of the model is better than the other six prediction
models. At the end of the paper, ES-GARCH model is used to predict the cumulative number of con-
firmed cases and deaths of COVID-19 in Hubei Province in the next seven days. Through validation,
the model is suitable for short-term prediction of time series, and is of great significance to predict
the development trend of global epidemic.
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1. 5|8

£ 2019 4 12 AR, BB AGER% 8 (COVID-19) 5| A HE B H 2815 2 AATTHI 32 03[ 1]. #i AL
PRI A T PRI B ) —Flr, & — IS E R AR B AR R, BRI AR 2N E, Hhan R
B P& RS0, = H ) NARIIEIR R SE[2]. BRI — 615 8K 25454 22 2020 £ 3 H 28 H,
o E RS AN Sk 81439 9, BEAitAET ASEk 3300 4. AR I /R R E RS R B SE B1
7, FEfE o E, R 2020 £ 3 H 28 H, X RS G AEUE 67801 4], Rt NEEL
3182 fil. FE[3]H, VR IRBVH A AR B AE F AR AL R R ) 5 7™ E S E I RS LR A 1E(SARS) AL, {2
72 M H HI RS 0 R B 3 6L Il 28 1R 809 R DLt it 2002 £E 31 2003 £ 75 SARS IR R, W ARG
FHAEF R, WECENEHEEZESG AR T IR EERE, UibE 2 AR, EBR
HEFFPEEEATE), H 2020 452 H 23 HE 24 HUOK, S iGi BA K A i 25 B3R T BRI it o 76 728
BV, RS N RWE — R, LG A IR KA LR B S AR AR
A CASE 7 A5 AR S 6 TSR B AR e . 6 TR AT R R . T B DDA 2 B N
TOAT N 14 RIGMEESE . BT B P WIA R 2 50is ik B e, BURFLE 2020 45 1 A 23 H B
10 B, 0 B g —— 0 T R B I B, 2B AT N, R — U053, R R
Fiv Ml KZE. ASCHERSE4]. B TH02 BFEI RS N, 580 AR AL H I EEA R 1 6L,
BURFIGHE R B — R i, E - IR e A5 B [ g 7 A6 9 5 I Bt A 468 R L R B AN B AL R B, 2 ) T 2540
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1600 5KIRAZFT 1000 5RIRAL[S], Aeisfyakds 1 i IiT ST Fi4H . (HJ2 T COVID-19 M3 ARIAN [a] AT LK
k14 R, VAR AR MAR R, SEES NBCABIEG I, Ik & A 80 Hri i K& s, DL
LTI A SR T LR HIRG 20 0 50 L S BT BE T NE, T T o A b R B it DA% ) 52 0 T ) 547 5 i et
P eI B R SR A2 B R EELM[6].

Domenico Benvenuto [7]5 A\ f# F 270 B -G # 30°F 3 B RIEBESKRLE 2020 45 1 H 20 HZ 2020 4 2
H 10 H COVID-2019 HRATH#E, H 2l AR KPR COVID-19 BIRFEHESHRATE, HaRRHAK
PIRIIRAT R TP, RomER LI T RS, Zixin Hu [ AR 20204 1 A 11 HE2 A 27 HdhE
WS TRI RS AEAY, PR HE S A Zhgm AL R TIO B T s I A 28, itk f3 i 4518 COVID-19 1)
WATHAE 4 AP RIZ5 ;. Albertine Weber [9]5 A8 A SIR B Tl [ COVID-19 AT %, 4RE
B [E COVID-19 BUARE A TE[10]4, 1E& AL T —F COVID-19 AL T S PP AL, A AT
IS R RGO TR IET- R 502 5.1%M 8.4%, H.PIRIAFIGHL T AL G2 Bl 2.1%A
3.2%, ZERFKW] COVID-19 FIREFHORMBALHE: BA[11155 Nidid @5 — MRk A T 2020 4 1
b ARG B SEBR COVID-19 WiffildiE, EHFFIHMZERZ 20204 1 H 1 HE 15 H, KRG RIS
WL 1% 469 2, [FIRHEZ AR AR 2020 45 1 H 17 H2Z )5, WS Eek 88w .

FLIH TR ) CLUT AL W] REFURAT 3, DUE T A B SOWAA B 47 16 [ 12] 0 I 18] 1 43 /2 — Fh L2 1)
SERTRMITVE, P LR AT 1IN (8] PP 51 B P00 AR SR 38 4k, 402 LR AE & ANk, 60468 Tt B2 7
FH[13]. TRIAERE NS 14]. TR IR (15155 BhAh, 78 DAL G il 70 i i F 235 0 1 [l ) 25
E ST T (SARIMA) K S W I B a5 4% 161 BEAR25[17]. FIHF#E[18]1%%. Arul Earnest 25 A
i FH ARIMA FE R FNGHT N3 5 = 2 PR AE SARS B ASHRIIRALI 5 GO, 3 H 4518 ARIMA(1,0,3)
AT DA SRAR G Mo AR FO T SARS A3 BT PRAE o5 FIAE L, AT BA I B AH S 40 5 4 7w S H it T Sk
PE[19]. Ao de e BCP W E A2 BRI R FP 51 /3 B Y, )32 R 4% L it 72 1201

ARICHILA N E AR LHN N 58 RN T A SCIRIN B ik B 1 75 s S A e 3 ST 45 B RE
HA(ARIMA). CRFAEFEE(SVR). [ H BAZAF 707 Z 8 (GARCH). a0 (ES)% . 74k, 1
ARSCH ISRV RS M R 1) = AN VEM AR R B TE S R B H . R =5, FRATIR I HE AT s
WEAIHT, FERTELSEERAE A . ESCRAE W, KA OB T 4 Rk AT agh, JF8EH ES-GARCH #E4Yn]
DA B2 IR
2. I3k
2.1. BEBaFHEEYIER(ARIMA)

N 8] PP 512 8 0 — e b i BE S A R A 1 2 Ja I e SR 1) — AL o WsF 1) B T — Rk 2 1 e
TR 73, A — PR D7 s 5 0 R R 1 o A 75 i

LR T35 B BB (ARIMA) & — Fh 48 B (1) 23 AT I 18] 77 5108008 1R 53, A — i DU Py of B[]
7BV HEAT TR A58 & L IR (] 7 AU ASE A E BUABEY(AP) . B3 P (MA) H B - W37
YR G (ARMA) .

ARIMA 158 BA 0T 4544«

®(B)Vix, =0(B)¢,
E(g)=0Var(e,)=0,E(g¢,)=0,5 %t 2.1)
E(xsxt)zo,VS <t

DOI: 10.12677/aam.2021.105181 1704 IR Esid


https://doi.org/10.12677/aam.2021.105181

ke 2%

2.2. XHFEEMEYISVR)

SCREIANE A (SVR)E SCRE A EHLE) — N5 3, P33R 12 BT R A i 31T 10 () s R B /N o
o0 SEAE T 2R AR o () K A N ) B SRS 1) — AN v 42 B) H o, SRS A v 4 23 ) i AT ek [l )
AR

f(x) = a)*¢(x)+b 2.2)
Horb g (x) AFRHER &8, o APRERE b HHEEE. SVR LA BT 8] AT DL 7R 9 H b ek B A e
TGS, 58 KRS e /MU JE I, 3 B AR R B A (2.3) s

1 1 &
R(x):E||a)||2+;§|f(xi)—yi
SVR [ISEFr 2SR R e @, PR n] DU A A K (2.4):
" 1 2 o «
R(@8,¢7) = el + (& +&)

y,—op(x)-b<e+ (2.4)
stawp(x,)+b-y, <e+&
E.E20,i=12m

i

Horr & 0 & RRAAR R, C RIETIREL ¢ RABURIRKRE. 5N I H T, BAFH] SVR LAY,
NAKQ2.5)HR:

2.3)

&

F(x)=3(a ~a)K (x.x) +b @.5)

i=

Hrr, K(x,x)=¢(x)*g(x) MIZREL o 5o, BIAREAHTET.
2.3. "X BEVFAFZHRFEEE (GARCH)

I X B H A 75 258 (GARCH) 2 Hi Bollersle (1986)7E ARCH & JREEHKM, &N EH 4 i
(R [R] 7 A A 1A . ARCH R8I S5 2 i FH AR 221 07 IR S g BN R 8l PR 0L & 24 3 53 7 22 R B0 1
T B2 PR BA AR g raRYE, BTl ARCH #E8ISERR bR AT 5705 2 sR A 0 A OC
RE HRALKREFIIN R EZRERRA KA, H ARCH ARG, o EREn
BB PN, SIS EAG TR IR AR . A T RN R, BRI T SCE A& R T
ZRER, Bl GARCH(p, g)fE 7 .

o =y +aEl +ra el + fol ++ BLo), (2.6)
2 p=01f, GARCH(p, )B4 5 /& ARCH #:7%,
2.4. IBEFEE

TR B4 B (Robert G. Brown)#i tH 11— 7E 5% 211~ 35075 (1) BE At _E- & Jee 1T >R RIS 18] 7 371 43 W1 5 8%

JE A AR 8] 3 51 Fi 455 784 5 2 Sk 1 B G A o8 T, @5 DB 39, X 2 i A BB 1A R A R 4 R T
AFERLE, TR —i B FmiE, A=

yia=axy, +(1-a)xy 2.7)

a R FIEREG y), 0 o+ VIIROBUAE, RO DA,y 2 cIIRISEPRME:  y) - ¢ IRITH
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BT T AR SORRAIS T 1) PP 4712 15 A7 AE AT 35 M 2= R0 N0 73 9 187 SR BT . Holt IS ERECT
1. Holt-Winters = ZHHURECH, LRGN RAASME ., Bpkias LT AT, @l A RS
ERHEHITIE.

3. SCiIES#
3.1. BUEiAR

AT H B HHE L R S TIAEE COVID-19 1 R0 NEON RiHfic N B S 5. FRA7E 4
N PR [ [ 5 A 2 fA 2= 3R 2020 4F 1 H 23 H % 2020 4F 3 H 28 HAH W . H 2020 4F
1 H 23 H#F| 2020 4F 3 F 21 HOEHEHRNZGEA, HRBdE HRUERASEE, Wk 1 s, HE
1 R IRATTRT A HH 7R 1 AT 3 R T2 03 R0 B0 A T N IR, 80— B TG K 18 ke TP AR
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Figure 1. Time series of cumulative number of confirmed cases and cumulative number of deaths of
COVID-19 in Hubei Province
B 1. #deE Zt s i G A Rt e TR 5 K e Rt iE R 51

N T UE B TR H B D7 R IR AT PR RS A, FRATE IR R I S A2 e 1 A0 B BE T N B F ok
PEAGEERI I RE . X T B KR COVID-19 RN WHO Mk B3RS . HdE a8 2020 £ 2 H 23 HE|
2020 4F 3 H 28 HEIRHEHE, L 2020 4 2 A 23 HE 2020 4F 3 A 21 HEIHEIE A RSB, H
RBAE BRI, W 2 Fis.

3.2. ES-GARCH =& W e & R iEtads

R4 PAIAEE 2020 4F 1 H 23 HZE 2020 4F 3 A 21 HREIE AINGE, B A TER, i
PL 2020 4F 3 H 22 HZ 2020 4 3 A 28 HIHEFE NRAESE, 0UF 7B rEm R, B2 e
PR, FWIALE R P T NEOR B2 B EE o ASCHIREFC RS Wl 3 Fom. AR 1 fIER 2 T
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Figure 2. Time series of cumulative number of confirmed cases and cumulative number of
deaths of COVID-19 in Italy
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Figure 3. The process of predicting confirmed cases and death toll using the ES-GARCH
hybrid model
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Table 1. Performance evaluation of the model using the cumulative number of confirmed cases data set in Hubei province

= 1. FIRMILE Rt i mOI iR R R B F TIERE T

Hik MAE MAPE (%) RMSE

MA 42.5456 0.0628 442574
MA-SVR 5.9076 0.0087 5.9253
MA-GARCH 38.5561 0.0569 43.0524
MA-GARCH-SVR 9.8627 0.0145 10.0451
ES 0.8571 0.0013 0.9258
ES-GARCH 0.4367 0.0006 0.5149
ES-SVR 9.0021 0.0133 9.0696

Table 2. Performance evaluation of the model using the cumulative number of confirmed deaths data set in Hubei province

= 2. FIR#ILE 2 FIA T CRURRH R B T RE RN

Hik MAE MAPE (%) RMSE

MA 33.3909 1.0529 35.1824
MA-SVR 49571 0.1565 5.1441

MA-GARCH 31.3731 0.9890 34.0606
MA-GARCH-SVR 5.8524 0.1847 6.1423
ES 4.0909 0.1292 42329
ES-GARCH 2.4079 0.0760 2.8816
ES-SVR 2.4662 0.0779 3.0163

ffi FHl ES-GARCH B a] I F- iR ok 7 Kb 8 02 GIAE -l 19 4. 1815 B EOR 1k
UL SR 45 5, DU RS TL R BB A (e % o AT LA EL UM B, Ao LR ML i T A,
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Figure 4. The cumulative number of confirmed cases in Hubei
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Figure 5. Total death toll in Hubei Province

B 5 HMeEZ T 2AK

2% 3 BoR T ES-GARCH AL T 2020 4E 3 H 29 H & 2020 45 4 H 4 HLE Rit#hiz i)
LR T A QRIS v =71 <1 ) =R R 2 T B L 7 A - = < O < 12 1 I LN B | = 710
HYR 5 228 48 e ot P % 15 R AL B T B AE A, RO E 18R T A SeRUA .

Table 3. The ES-GARCH model was used to predict confirmed cases and cumulative deaths of COVID-19
% 3. {1 ES-GARCH #& BTN 7 fib 24 12 15U 70 R 1+ SE T 5l

Date gl AIFETIRR
29/3/2020 67801 3184
30/3/2020 67801 3194
31/3/2020 67801 3196
1/4/2020 67801 3202
2/4/2020 67801 3207
3/4/2020 67801 3212
4/4/2020 67801 3217

3.3. ES-GARCH =& FNZEAF G IEEE

EART R, FATEAE Rk E EKFIK COVID-19 BIEKIGIERAVER K 7 MBI MR, % 4 F13E
5 Bon T B KK T RS A R TN 2 A6 12 5 ) RABE T NS R ) = AN PR R bR . FRATTA]
DIEWHE S, EA KRG, HF5 ES-GARCH #AME =/ MEAN TR K, Bl ES-GARCH #8 f1y ik

RERAF. X—45i S L — TS5 — 2. ES-GARCH KR A FINAE L i i o
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Table 4. Performance evaluation of the model using the cumulative number of confirmed cases data set in Italy.

& 4. FIREAM RS HROIEIEEMNRE I THRIOTN

ki
MA
MA-SVR
MA-GARCH
MA-GARCH-SVR
ES
ES-GARCH
ES-SVR

MAE MAPE (%)
6685.370349 9.7044
463.2821929 0.6802
5037.557143 7.6718
8230.228571 11.7432
1358.183167 1.8394
67.70714286 0.1014
422.8252604 3.9861

RMSE
6716.326859
5622130918

5200.69408
8400.83351
1562.838369
68.35630716
510.5498386

Table 5. Performance evaluation of the model using the cumulative number of confirmed deaths data set in Italy

5. FABERFN R TATE CEIRESRE TR

ki
MA
MA-SVR
MA-GARCH
MA-GARCH-SVR
ES
ES-GARCH
ES-SVR

MAE MAPE (%)
1931.1719 27.1611
434.8900 6.0413
555.7286 7.5378
1373.0971 22.6836
461.1795 6.5007
460.2901 6.4138
2784.2381 5.8556

RMSE
2061.9339
528.0000
639.1753
1487.5791
495.1102
492.2376
3543.6219
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Figure 6. The total number of confirmed cases in Italy
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Figure 7. The cumulative number of confirmed deaths in Italy

B 7. BAFIRAN R R
4. &g

R TRIR T B AR AT B AT IE B AR S, i N IR S G i 1 R . BRI, B
MBI S R R B 3P4 it 2 28 R B o R ASCI B Y ES-GARCH AR A LUy — i il
I COVID-19 BIFRITT V%, il g s FAR vl S04 . ES-GARCH BALN A SR -B R A 279 91 20m R vt
T H A B S T EE 7. R RMSE. MAE. MAPE 250N FR bRt A FRATHA & S R AR B4R A 71
WA o A ORISR 1 A0 R T HSE T80 X iz R B AT 1 98AIE, YA 45 RRWIZTNERA RIFRIRCR .

MASCHE T G458, 1] ES-GARCH B Fi 45 RAECNHER . 456 Bl 45 RIATRIL, #]
AL ISR GIAGE T ABOA R T — X PR G S . Zra SRR K & TPF R bR, 7T DS H 4518,
AR AT DR E R R, O AT DUSCEUAR RS HE A A 0N . ES-GARCH AR R LU SRFE Bt T —
ANA TN TR, R I s K CLROR R BEE B A RS, T LA B I 75 477 AR HURH 2486 it o
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