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Abstract

The objective of this study is to compare the different methods which are effective in pre-
dicting data of the short-term effect of COVID-19 confirmed cases and DIJI closed stock
market in the US. Data for confirmed cases of COVID-19 has been obtained from Worl-
dometer, the database of Johns Hopkins University and the US stock market data (DJI)
was obtained from Yahoo Finance. The data starts from 20 January 2020 (first confirmed
COVID-19 case the US) to 06 December 2020 and DJI data covers 21 January 2019 to 04
December 2020. COVID-19 data was tested for the period 30 November to 06 Decem-
ber and DIJI from 25 November 2020 to 04 December. From the result, we find that the
method SutteARIMA was found more suitable to calculate the daily forecasts of COVID-
29 confirmed cases and DJI in the US and this method has been used in this study. For
the evaluation of the prediction methods, the accuracy measure means absolute percentage
error (MAPE) has been used. The MAPE value with the Sutte ARIMA of 0.56 and 0.60 for
COVID-19 and DII stock respectively was found to be smaller than the MAPE value with
ARIMA method.
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1 Introduction

COVID-19 is a contagious disease caused by the novel corona virus (SARS-CoV-2) and
was first detected in Wuhan in the Hubei province of China in December 2019. The find-
ings of a Singh et al. (2021) examine that higher temperature may bring down the num-
ber of COVID-19 confirmed cases. It proposes that better access to sanitation facilities is
a certain measure to contain the spread of the virus. The findings of Bashir, (2020) also
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confirmed a significant positive association between temperature and COVID-19 cases. In
another study, Bilal (2021b) has found temperature, humidity, environmental quality index,
PM, 5, and rainfall as significant factors related to the unprecedented pandemic (COVID-
19) in the top 10 most affected states of the USA.

COVID-19 soon turned into a pandemic leading the world into a lockdown that is spec-
ulated to have an economic cost greater than the Great Depression of 1930s (IMF 2020).
According to the IMF, several developed and undeveloped countries with weaker economic
growth before the current pandemic will suffer worse under economic deceleration and
decline (IMF 2020). The pandemic is yet to recede in intensity with more than 63 mil-
lion cases and 1.47 million deaths as on November 30, 2020. The volume and spread of
infection has increased exponentially since the first week of March in the United States,
which now has the most number of both confirmed cases and deaths (Worldometer 2020).
The effect of the COVID-19 pandemic on the US economy has been largely disruptive,
adversely affecting financial markets, travel, shipping, employment, and other industries
(CBO 2020). The US stock market index Dow Jones Industrial Average (DJI) fell by more
than 3% with COVID-19 spreading rapidly across the world over the weekend. While the
sharpest declines in the US stock market indices including DJI, NASDAQ-100 and S&P
500 since 2008 was reported on February 27. On February 28, stock markets across the
world reported their largest single week decline since 2008 with stock markets closing
down worldwide and the market fell to a new record low on March 6th (YahooFinance,
2020b), (Wikipedia 2020).

Forecasting the Dow Jones Industrial Average (DJI) with the number of confirmed cases
of COVID-19 in the USA is important to understand the extent of the lockdown and the
pandemic. Such studies have been previously carried out. The current work attempts to
compare different forecasting methods to find out the most effective method for predicting
the behavior of the DJI index in relation to the COVID-19 crisis. This is especially impor-
tant given the huge economic costs of the current pandemic and its widespread impact on
the investment and spending behavior and returns of people across the world.

Many researchers’ have applied diverse and increasingly effective range of methods and
indicators to predict the spread of infections and pandemics, and also to map and forecast
the current COVID-19 crisis. Some of these have been included in the current study. The
Susceptible-Exposed-Infected-Recovered (SEIR) model has been used to predict the trans-
mission of the pandemic by Gatto et al. (2020) in Italy and by Kuniya (2020) in Japan.
The SIR (Susceptible-Infected-Recovered) model has been used to predict the reproduction
number of COVID 19 by Das (2020) at both centre and state levels in India. The temporal
deep learning method, deriving from time-aware long short-term memory (T-LSTM) neu-
ral network, has been suggested to forecast COVID 19 in Wuhan, China by Li et al. (2020),
while (Arora et al. 2020) used the deep-learning based models to forecast the number of
reported positives of COVID in 32 states and union territories in India. Time series predic-
tion logistic models based on machine learning have been applied in Brazil, Russia, India,
Peru and Indonesia for global predictions (Wang et al., 2020). GROOMs is a combina-
tion of five forecasting models proposed by Fong et al. (2020). Singh et al. (2020) used
ARIMA model in forecasting the infection trajectory for the coming two months. In Indian
states, the epidemiological spread is predicted using ARIMA (Roy et al. 2020). Castillo
and Melin (2020) have used a hybrid approach for time series forecasting using the frac-
tal theory and fuzzy logic. The Limited Failure Population concept for prediction of the
spread of virus in European countries and the US has been used by (Koutsellis and Nikas
2020). Singhal et al. (2020) applied the mathematical model accounting and the Fourier
decomposition method (FDM) in India, Italy and the US. The Network Inference based
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Prediction Algorithm (NIPA) was used in Hubei, China and the Netherlands, and was
found to be superior to other forecasting algorithms by Achterberg et al. (2020). Eydoux
et al. (2021) reported that the application of a purified and highly active SARS-CoV repli-
cation/transcription complex (RTC) provides a new strategy for the rapid identification of
potential anti-SARS inhibitors. Bashir et al. (2020) found that the restriction of economic
activities helped to reduce pollution level in the ecosystem, however he concluded that
this change is not permanent, and the status of pollution may increase again in the future.
Ahmar et al., (2020) have used the SutteARIMA method, a short-term prediction method
in the USA for COVID-19 and for COVID-19 and stock market in Spain, while (Ahmar
et al., 2020) used the Sutte ARIMA method in predicting confirmed cases in Spain. Salisu
et al. (2020) have applied the GFI (Global Fear Index) to understand the predictability of
commodity price levels during COVID. Nabipour et al. (2020) have used machine learning
algorithms in predicting the future values of the Tehran stock market while Garcia et al.
(2020) have applied the KAF (Kernel Adaptive Index) with a stock market interdepend-
ence to systematically predict stock market returns. Xie et al. (2011) have developed sup-
port vector machine (SVM) and multivariate discriminate analysis (MDA) to predict Chi-
nese listed companies. Pang et al. (2020) advocate the use of deep long short-term memory
neural network (LSTM) with an embedded layer and the long short-term memory neural
network with automatic encoder to forecast stock market data. Ahmar et al. (2018) have
compared the indicators ARIMA, Holt-Winters, SARIMA, «a-Sutte, which are widely used
along with NNAR in predicting stock market and time series data Ahmar et al. (2018). The
SutteARIMA prediction model again has been used to predict COVID-19 confirmed cases
in Spain (Ahmar and Boj 2020a, b). Ojugo and Yoro (2020) has used ARIMA model to
predict the Oil market and its price direction. In the preceding literature, there is a growing
tendency towards lower MAPE and MSE values with the SutteARIMA model. To find out
the most effective model, in the current work, the Sutte ARIMA model was compared to the
traditional ARIMA model.

2 Literature review
2.1 ARIMA

The St process is an autoregressive-moving average or ARMA (p, q) model if it fulfils:

$,(0)S, = 6,(C)a,.a, ~ WN(0,6%),¢,.0,eR, 1€ Z (1)
with ¢,(C)=(1 — ¢, C — ¢, C*— ... — ¢, C?) (for AR(p)).
and 0q(C)=(1-6,C—0,C*~ ... —6qC9) (for MA(q)).

If there is a differencing then the ARIMA model becomes as follows:

$,(O)(1 = C)’S, = 0,(C)a,.a, ~ WN(0,6°),¢,.0, ER,1 € Z.

with ¢, (C)=(1 - ¢,C - ¢, - ... - ¢, CP) (for AR(p)), (1 -0
(for differencing non seasonal) and 6q(C)=(1-6,S — 62C2— ...—0qC1 (for MA(Q)).
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2.2 a-Sutte indicator

The o-Sutte indicator is based on the practice of forecasting that is developed on the previ-
ous values of the variable or data set (Ahmar et al. 2018). The model applies the adapted
version of the MA (moving average) method of forecasting which is generally used to
detect and forecast trends in time series data. The a-Sutte indicator’s predictions are based
on four data sets of the previous period, i.e., St—1, St—2, St—3, and St—4 (Ahmar et al.
2018). The principal equations of the indicator method are (Ahmar et al. 2018).

y<&>+ﬂ<ﬂ>+“<%> @

S, = 3
where:
6="5_4
Yy =383
B=5_
a=S_,
Ak=y—-6=58_3-S5_4
Am=p—y=S5_,-5_;
As=a-f=5_,-5_,

St= data at t time,St-r= data at (t-r) time.

2.3 SutteARIMA

SutteARIMA is a method of forecasting that combines the method of ARIMA with the
method of a-Sutte Indicator (Ahmar et al. 2018). The result of SutteARIMA forecast is the
average of results from ARIMA and a-Sutte indicator.

ARIMA in Eq. (1), can be described as:

(1-¢,C—¢,C*—..—¢,C")S, = (1-6,C-06,C* — ... - 0,C%)q, 3
S, = $,CS, — $,C2S, — ... — §,CPS, = a, - 0,Ca, — 0,C%a, — ... — 0,C%a, O

While Eq. (3), can be reduced by using the backward shift operator (CPS,=S,_):

St - ¢1Sr—1 - ¢2SI—2 T T ¢pSt—p
=a,—0,a,_;, —0,a,_, — ... — ant_q @
S, =S+ P S+ + d)pS,_p
+a,—0,a,_; —6a,_, —..—0,a,_,
If we define:
6=15 4
y=953
=5
a=S5,
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So, the Eq. (4) can be describe:
S;=ga+ G+ sy + o+ .+ S, ,+a,—0a,_, —a_,—..—0a._, 5)

and the Eq. (2) can be simplified as:
y(y+5>+ﬂ<§_m> a<aAT;;>
2 2

yAk PAm alAs

S, =

w

JAZ] [Z53 atp
2 2 2
St
3

yAk BAm als
3y+36 3p+3y 3a+3p
2 2 2

S, =

_ 2yAk N 2pAm L 2aAs
"7 3y 435 3f+3y 3a+3p

20k 2Am 2As
S =
=13,535 03513, T a1 3p

Let, Eq. (4) added with Eq. (5), we will find:

2S5, =¢a+ df+ sy + py6+ ..+ 9,5, +a,— 610, —0a,_,—..—0,a,_,+
2Ak ﬂ 2Am 2As
Y373 36+3y 3a+3p
- ¢y | 28m ¢ 20k
Sf_a(z +3a+3ﬁ>+ﬂ< 3ﬂ+3y>+ (2 3y+35) 6)
[ + .+ pSiop 4+ 4 bray _ ba, Gy
2 : 2 2 2 2 2

So, the Eq. (6) is the formula of SutteARIMA.
After an overview of related models, the next section discusses the methodology.

3 Methodology

COVID-19 data for this research work has been collected from Worldometer (2020),
CSSE, JHU (2020) for 20 January to 06 December 2020 and DJI data from YahooFinance
(2020) for 21 January 2020 to 04 December 2020. In this research, the data is divided
into two parts: training data and test data. Training data starts from 20 January 2020 to 29
November 2020 for COVID- 19 confirmed cases and 21 January 2020 to 24 November
2020 for DJI, while test data covers 30 November to 06 December 2020 and 25 Novem-
ber to 04 December 2020 for COVID-19 and DIJI respectively. Based on the fitting data,
this study conducted short-term forecasts for 05 future periods. Ahmar (2018) has devel-
oped SutteForecastR package in R software which compares the forecasting results of other
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forecasting methods. In the interpretation of the predictions, we have used the forecasting
accuracy measure MAPE (Mean Absolute Percentage Error) (Kim and Kim 2016; Ahmar
2020).

A —-F

!
A

t

N
MAPE = L D 7

N

t=1

t

where: At=Actual values at data time t and F,=forecast value at data time t.

4 Results and discussion

Short-term daily estimates of COVID-19 and Stock prices is important for making strate-
gic decisions for the future. In the case of COVID-19, daily forecasting can provide infor-
mation to find a way to prevent the spread of COVID-19. Figure 1 highlights that con-
firmed daily cases of COVID-19 in the US will continue to increase until this curve will
move downward. This graph also explains that this curve has gone through the first peak
period and addition of confirmed COVID-19 cases in the US seems to be decreasing or
fluctuating.

A crucial impact is felt on the stock market because with the outbreak of the pan-
demic, investors started panic buying, leading to selling of stocks, which resulted in a
drop-in stock price. Moreover, this trend increased after the WHO announced COVID-
19 as a pandemic. The United States has seen a large number of cases and deaths since.
Thus, the impact on the US is very important in light of the extensive cases. Figure 2
shows the closing price of the DJI which has fluctuated from the beginning of COVID-
19 in the USA.

As per the description, the process of forecasting data was conducted using the
ARIMA and SutteARIMA methods. The results of the forecast of different methods are
presented in Table 1 for confirmed COVID-19 cases and Table 3 for DIJI stock closing
price in the USA.

SutteARIMA method was found to be the most appropriate method for predicting
COVID-19 confirmed cases and DJI with a MAPE value of 0.56 and 0.60 (smaller than
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Fig. 1 Daily New Cases of COVID-19 in the USA
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Fig.2 Closing Price of DJI the USA

Table 1 Results of fitting confirmed cases of COVID-19 in the USA

Date Actual ARIMA (0,2,1) APE SutteARIMA APE
30/11/20 13,541,221 13,536,624 0.0339 13,543,886 0.0197
01/12/20 13,721,858 13,689,879 0.2331 13,691,379 0.2221
02/12/20 13,921,913 13,843,133 0.5659 13,862,496 0.4268
03/12/20 14,139,577 13,996,388 1.0127 14,049,503 0.6370
04/12/20 14,367,462 14,149,642 1.5161 14,245,058 0.8520
05/12/20 14,581,337 14,302,897 1.9096 14,443,607 0.9446
06/12/20 14,757,000 14,456,151 2.0387 14,629,497 0.8640
MAPE 1.0443 MAPE 0.5666

MAPE value of ARIMA) as shown through Tables 1 and 3. Therefore, the technique
has been used to predict COVID-19 confirmed cases for five days (Table 2 and Fig. 3).
Based on Table 3, the SutteARIMA method is also the most suitable method with a
MAPE value 0.60 for DJI than ARIMA method. Therefore, it has been used to forecast
the DJI stock from 05 to 09 December 2020 (Table 4 and Fig. 4). Finally, based on fore-
casting results of COVID-19 and DII stock, we may conclude that SutteARIMA method
is the most suitable forecasting method to forecast confirmed cases on COVID-19 and
closing price of DJI in the USA. This can be verified by the value of forecasting accu-
racy measures (MAPE), and thus Sutte ARIMA method is considered as the best method
for all data. Predicted values of COVID-19 confirmed cases and DJI stock Price has also
shown in Figs. 3 and 4 respectively with 99% upper and lower limits.

5 Conclusion
Prediction of COVID-19 and DIJI in the USA can prove an intelligent idea for the poli-

cymakers in future. In fitting data of confirmed COVID-19 cases in the USA from 07 to
11 December 2020, the SutteARIMA is more suitable as compared to ARIMA method.
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IZ:;: (2) ¢ E%r%cfgf fgrig(;ﬁfeirg seg Date Forecast Lower 99% Upper 99%
07/12/20 14,812,981 14,769,499 14,856,464
08/12/20 14,996,471 14,931,926 15,061,017
09/12/20 15,179,962 15,097,072 15,262,852
10/12/20 15,363,452 15,263,245 15,463,660
11/12/20 15,546,942 15,429,828 15,664,057
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Fig.3 Forecast for confirmad cases of COVID-19 in the USA (with 99% Upper and Lower Limit)

Table 3 Results of fitting data of DJI Stock

Date Actual ARIMA (0,1,2) APE SutteARIMA APE
25/11/20 29,872.4707 30,039.060 0.55766830 30,137.505 0.88721921
27/11/20 29,910.3691 30,205.700 0.98738621 30,141.550 0.77291209
30/11/20 29,638.6406 30,205.700 1.91324352 30,111.885 1.59671415
01/12/20 29,823.9199 30,205.700 1.28011368 29,854.530 0.10263601
02/12/20 29,883.7891 30,205.700 1.07720925 30,007.025 0.41238392
03/12/20 29,969.5195 30,205.700 0.78806892 30,040.625 0.23725929
04/12/20 30,218.2598 30,205.700 0.04156351 30,142.885 0.24943452
MAPE 0.94932191 MAPE 0.6083656
;22('; :’ril::(::r]e)‘iﬁsitnﬁt)krleclljossglg Date Forecast Lower 99% Upper 99%
05/12/20 30,063.0237 29,790.78681 30,335.26
06/12/20 30,052.3411 29,780.10299 30,324.58
07/12/20 30,041.65849 29,769.41820 30,313.90
08/12/20 30,030.97589 29,758.73220 30,303.22
09/12/20 30,020.29329 29,748.04470 30,292.54

@ Springer




Implementation of the SutteARIMA method to predict short-term... 2031

30500
30400
30300
30200
30100
30000 o
29900
29800
29700
29600
29500

12-5-20 12-6-20 12-7-20 12-8-20 12-9-20

Fig.4 Forecast for Closing Stock Price DJI in the USA (with 99% Upper & Lower Limit)

In fitting DJI data in the USA from 02 to 06 December 2020, the Sutte ARIMA is found
more suitable as compared to ARIMA method. Finally, SutteARIMA calculated daily fore-
casts of COVID-19 confirmed cases (07 December to 11 December 2020 i.e. 14,812,981,
14,996,471, 15,179,962, 15,363,452 and 15,546,942) in Table 2 and DIJI stock price (05
December to 09 December 2020 i.e. 30,063, 30,052, 30,041, 30,030, and 30,020) for five
days in Table 4.

6 Policy implication and further research

The findings of the paper will be helpful for policymakers in ascertaining the future impact
and can be used as a tool in policy formulation. Tracking changes in consumption and
investment behavior and their impact on returns is important to devise and initiate suit-
able policy prescriptions for the target population. The current study opens new arena of
research for examining relation of stock market and other economic indices in countries
and economies across the world. This will help in getting a holistic understanding of the
economic impact of the current pandemic with new and advanced indicators. For further
research, this method can be compared with other methods, for example, Holt-Winters,
o -Sutte indicator, NNAR, Theta, time series linear model (TSLM) or other forecasting
methods.
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