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ABSTRACT: This study Lo an allmpt To model daily comfirmid cass of coromaviru in Nignia. A time plot of e
1ries dhows s wparnd end will some sarorality. 11 i Tated [or winid it and i1 sbown To bt mon-dlatiorary. 1

Afference sbhows widince of Aationarity. The comlogram of e Aifference sbows vigrilicarnt spibes st Ue partial
antocotdation function il lags 1 and 12 and a1 b atocovtlation [umction a1 lags 1 and 13, with e lag 13
and 12 and 4 moving average [ of Lags 1, 13 and 14. A (i1 of e model sbhows Uat only e moving average lags are
vignificant. A more specific SARIMAD, 1, 1)2(0, 0, 1)5 model s [(H1ed o Hhe series. Thin sbows at Hhe series masy be
neganded a1 4 SARIMA(D, 1, 1)2(0, 0, 1) case.

INTRODUCTION

Coronavirms Aiseant lan atlaintd o werkldwide itus an 4 pandemic. The prime cane rcorded in
Nigria appeartd on February 20, 2020 and was confirmed at the Virology Laboratory of He Lagos
State University Teachniy Hoypital. He ia [pom Maly and amived Nignia fprom Milan, lialy on 4
buviners Dip. He was being managed a1 Hhe Infections Disease Hoypilal, Yala, Lages. The Federal
Miristry of Health armovmced e [irit confirmed care in Nignria on e sext day, 28° Fdrvary
2020. (Elanire, 2020). The occunrence of 4 planomenon Libe Wis is offer an opportinity [or
resinders To modtl G incidence and in e cane of 4 medical condition ble Wis 1o proffer 4
amative solution To 1. Ao publisked in Wlisday mewspaper, Gumel (2020) wnderscored Yis point
mithematical Tools. Voice of Nignia annmounces #at Proftssor Mawrice lwn bas daimed 1o bave
discovertd 4 cunt for 1 Ukef(2020).

The approach. of staronal atorgprssive utgpattd moving average modelling i 1o be adopted i i
work. Propored by Box and Jenbiva (191€) it bas bew widely successfully spplicd To model
saronal Time wnies. To merntion 4 [, Look a1 Etuk (2013), Muwangs ez 4l (2017) dnd Addms dnd
Bamanga (2020). Here i1 21 oun itention To e Hhe daly acomnence of Win direase in Nigria 4 4
Tome wries and moded 3 accordingly. Section 2 dwells on Matrials and Metlods, section 3 on
Resdts and Disewssion and section i on e Conclusion.

MATERIALS AND METHODS
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Data: The data waed [or Yis study ane € values of daily comilative laboratony confirmed cares o
coronavinnsg  mecorded by Nigrian Cutre of Disan  Corhrol with  website

m://mid’ﬂ.m.gwmg[ . Tﬂcy A MW in We appendin,

Seasoral Autorigpersive lntupated Movisg Average Modellsg

[ % 0w intention To study Hhis covid1G phenomenon 4r & daly Time wnies. 11 s boped Hhat A
Wl be modelled 4 4 seasonal autorgpersive intgpated moving average moddd.

A time srien X, X, ..., X Lo 14id Bo [ollow an avtoregpessive moving average model &

Xo= 0 + 0o + ... +OUXey + P + Boge .. Bies, (1)

where {€} in 4 wlite moiae pracess, Me O's and B's ane constants chosvem such Yat te model (1) i
botl ationany and vertible. Model (1) L denoted 41 an ARMA(, 4). i1 may be waitlen s an
ARMA(p, 4). 1 may be written 4q

ALX: = BlL)e: (2)
whoe AL) =1 - ol - oL’ - ... - Ll and BL) =1+ Bl + Bol’ + ... + Bl annd X = Xeu.

Hardly i1 4 Bime wnies (X} dationary. In Ut care Box and Jenbine (1916) proposed that
Aifferencing To an order A could vemder 3 iationary. The o te diffremce of (X, VE(X,), =1,
2, oy A A, i mon-slationany and Ye & Liffprence o datioriry Yen o splacemert of X by
vd(Xt),4'44(7)M(2)M%MMM@WM%MWM4W(ﬁ,d,ﬁ)a’/t«
X: denoted by an ARIMAG, 4, 4) model. Then V =1 - L.

[ seasonal periodicity 4 i1 obrewed To bappern in e sries, avsuming Wal Were i1 4 saronal hend
of period D, Wem e model becomes

OLAWLX = DIL)BWL)e: 3)
whore OUL)=1-@l - @l - ... - QpLPS and L) =1+ 0L + 0L + ... + OL®. Model (3) 44
WMAWWWtWWM%MWMM%M(ﬁ,d,ﬁ)%(p, D, Q).
denoted by SARIMAGp, 4, 4)2(P, D, Q). An indication of autoregpersive order ( in 4 digmifficant
g 41 & dgpificant opibe on W partial antocondlation function 4t lag 4.

Computen Sofwane: The soffware waed or Wi work i1 ewiews 10. 1 waes We least squane approach. Too

RESULTS AND DISCUSSION

e dfference of e data yields daily laboratory confirmed cars of coromanvirm in Nignnia. 11s Zime
Hot i1 in figure 1. This dbows 4 positive Tend and some sarenality. The Augmerted Dickey Fuller
Wil of Aationarily of Table 1 adjudges 1 a1 non-stationary, in whick care Affprencing bas 1o be
Adone on i1,
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Table 1: Uit Root Teat ffor conffirmed cans
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Mull Hypothesis: DCOWID has a unit root
Exogenous: Constant
Lag Length: 1 {(Automatic - based on SHZ, maxlag=-10)

t-Statistic Prob.*
Auvgmented Dickey-Fuller test statistic -2.519660 0.1159
Test critical values: 1% laevel -2.542097
5% lewvel -Z2.910019
10% level -2 5926545
*Mackinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Wariable: D{DCOWVID )
Method: Least Squares
Drate: O7FMOBZ20 Time: 06:15
Sample (adjusted): 4 64
Included cbservations: 61 after adjustments
YVariable Coefficient Std. Error t-Statistic Prob.
DCoWID-1) -0 280798 0111443 -2 519660 00145
D CONWITD -1 3D -0.400361 0.1325526 -2.954133 00045
c 119 .28430 49 07743 2 441916 00177
R-squared 0.320722 Mean dependent var 7459016
Adjusted R-squared 0.2a72a99 S D. dependent var AT1.FTO62
S.E. ofregression 14329366 Akaike info criterion 12.82455
Sum squared resid 1201629. Schwarz criteriaon 1292837
Log likelinood -388.1489 Hannan-Cuinn criter. 12 86524
F-statistic 12.69242 Duriin-Watson stat 20325145

Prob(F-statistic) 0000013

The Zime plot of differemees of confirmed cars in Figunl dbows 4 boriyontal Dnd and some
veasorality. e Augmernted Dickey Fuller Test on Hhe sries in Table 2 sbows Hat Hey ane
Ailiondiry.
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rull Hypothesis: DODCOVID has a unit root

Exogenous: Constant

Lag Length: O (Automatic - based on SI1C, maxlag=10)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -12.31078 00000
Test critical values: 1% level -3.542097
5% level -2.910019
10% level -2 592645
*Mackinnon (1925) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Crependent YVariable: D{(DDCOWID )
Method: Least Sqguares
Crate: 070520 Time: 0618
Sample (adjusted): 4 64
Included cbservations: 61 after adjustments
Yariable Coefficient =td. Error t-Statistic Prokb.
CDCONVID-1) -1.554586 0126278 -12.21078 00000
- 5240674 19 25306 0272200 07864
R-squared 0.7¥19788 Mean dependent var 11.45902
Adjusted R-squared 0.F¥15039 =.0. dependent var 281.5934
S.E. of regression 150.3194  Akaike info criterion 12.89564
Sum squared resid 1333160. Schwarz criterion 12.96485
Log likelinood -381.3170 Hannan-2uinn criter. 1292276
F-statistic 151 5552 Durbin-YWatson stat 2118366
Prob{F-statistic) 0. 000000

e comelogram of e Afference of e confirmed cares in Figure 3 below sbhows 4 positive spike 41
ligr 1 and 12 [or te pantial avtocontlation function (PACF) and sigificant spides at lags 1 and
13 in We autocondation function (ACF), Me spihe a7 lag 13 swmownded with companative spibes,
in direction and Lenglh, it laga 12 and W, an indication of sarenality of lag 13. This bas bed 1o
e bypotlesis of an ARIMAUIZ, 1, 1) with e antoregpersive lags 1 and 12 and Hhe moving average
bigp 1, 13 and M. A summany of Hhe model (1 in Table 3 sbhows Hat e only significant
parametins ane 41 Hhe moving average lags of 1, 13 and 1, which o an indication of 4 stasonality

of period 13,
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Autocorrelation FPartial Correlation AC PAC -Stat Prob
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Figune 3: Comelogrim of differince of confimed cares

Ciependent Variable: DOCOVID

Method: Least Squares

Date: 070520 Time: 05:51

Sample: 3 64

Included observations: 62

Convergence achieved after 46 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Frob.
AR 0.0290449 0200023 0195224 0.8459
ARC1Z2) -0.050128 0ATF3TET -0.288480 0.7740
MAT) -0.744949 0.154957 -4 807473 0.0000
MACT3) 0248918 0185932 1.876595 00658
MALCT4) -0.268165 0.150161 -2.451806 00174
SIGMASC 15833.89 2767.697 5720963 0.0000
R-squared 0448321 Mean dependentvar 5790323
Adjusted R-squared 0.399075 S.0. dependent var 170.7991
S.E. of regression 132 4023 Akaike info criterion 1274843
Sum squared resid 981701.3  Schwarz criterion 12.95428
Log likelinood -389.2014 Hannan-Cuinn criter. 12.82925
Durbin-Watson stat 1.972650

This 1 4 SARIMA(D, 7,7))((0, 0,1)5 model. A more W elindation a& e sbove-mentioned model
4 done on Figune 4 To bave e model
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VXt = —0.7%3%¢c. + 0.350%c.5 - 0.30M9c + &
whick. s 4 SARIMA(D, 1, 1)2(0,0, 1) model &m e WM chs aé COVONINANMM At NW

CONCLUSION
MtM@WW%MMMWNW&MWM&%MASAR’MA(O, 1,
20,0, 1) model. This model may be wied 1o approimate s daily variation. Py study of e
MW&WMWMM.
Talle §: MWW Edtination o{ 4 SARIMA(0,1,1)2(0, 0, 1) madd&m e WW

Dependent VWariable: DDCOVID

Method: ARMA Maximum Likelihood (OFG - BHHH)

Crate: 070520 Time: 0624

Sample: 2 64

Included observations: G2

Convergence achieved after 35 iterations
Coefficient covariance computed using ocuter product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
MALCT) 0. 7323143 00232243 -2.2922805 00000
MALT13) 03250201 0 17oas:z 2049119 00450
MACTA ) -0.377918 0138582 -2 FZ27¥031 00084
SIGMASCY 15839 22 2763 845 5. 730863 00000
F-squared 0443146 Mean dependent var 5790323
Adjusted R-squared 0419602 S.0D. dependent var 17¥0.7991
S E. ofregression 1301214  Akaike info criterion 12 683608
Sum squared resid a9g820321.5 Schwarz criterion 12.82332
Log likelinood -3B89 2685 Hannan-CQuinn criter. 12 73996
Curbin-YWatson stat 1.941012
Inverted MA Roots a2 B8+ 29i 88-.29j BE-. 641
GE+.64i 21-.88i 21+.88i - 12-93i0
=12+ 93] -.54-TF7i -84+ TFTi 83+ 430
-83-43i -.94
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APPENDIX

Comilative daly liboratory comfirmed cars of Coronavirus in Nigria (dtarting from 3 May
2020) read row wise

2658 2802 2950 3US 3826 3912 WS1 B399 Wy O N
§162  SW4S

S€21  S959  6NS 401 €CN 016 7261 IS26 1839 3068 8344
£33 8915

4302 985S 10162 10518 10814 11166 MS16 11844 12233 12436 12801 1346
13813

4SSy 15181 15682 16085 16658 M43 1135 18430 19141 19808 20244
20919 2131

22020 22614 23298 24071 24561 25133 25694 26484 2110 21564 21564 28167
Sowrce: NCDC Cormarirus COVID1G Microsite Lttp:/ /covid)] mede gov.ng/
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