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Discussions about the recently identified deadly coronavirus disease (COVID-19) which originated in
Wuhan, China in December 2019 are common around the globe now. This is an infectious and even
life-threatening disease caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). It
has rapidly spread to other countries from its originating place infecting millions of people globally. To
understand future phenomena, strong mathematical models are required with the least prediction errors.
In the present study, autoregressive integrated moving average (ARIMA) and least square support vector
machine (LS-SVM) models are applied to the data consisting of daily confirmed cases of SARS-CoV-2 in
the most affected five countries of the world for modeling and predicting one-month confirmed cases
of this disease. To validate these models, the prediction results were tested by comparing it with testing
data. The results revealed better accuracy of the LS-SVM model over the ARIMA model and also sug-
gested a rapid rise of SARS-CoV-2 confirmed cases in all the countries under study. This analysis would
help governments to take necessary actions in advance associated with the preparation of isolation wards,
availability of medicines and medical staff, a decision on lockdown, training of volunteers, and economic

plans.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

The world was running very smoothly, and all countries were
engaged in improving their gross domestic product (GDP). Sud-
denly, the novel coronavirus disease (Covid-19) knocked Wuhan,
China, in December 2019, which was viewed as the start of an
epidemic however it overwhelmed the entire world in a very
short span of time and took the form of a pandemic. Covid-
19 is highly contagious in nature and is caused by the virus
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[14,19,34,35,43,48,55]. In the starting phase, it was considered as
the spread of viral pneumonia, linked to the exposure to the
seafood market [46,51,53]. On January 7, 2020, the virus was iso-
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lated, and it confirmed the identity of 2019-nCoV (novel coron-
avirus) by the Chinese health agencies, which on February 11, 2020,
was termed as COVID-19 by the World Health Organization [43].
Till date, COVID-19 has led to the death of 2,86,353 individuals
around the globe and affected more than 41,78,156 people as on
May 12, 2020, reported by the World Health Organization [43].
Deaths caused by COVID-19 are expected to increase far more than
the previous two coronaviruses, namely SARS-CoV and MERS-CoV.
[10,24].

The emergency situation caused due to the outbreak of a new
infection raises many important questions related to its trans-
mission dynamics, mitigation, and control measures. Researchers
are taking the help of mathematical modeling in order to pro-
vide answers to such urgent queries [7]. As the medicine is not
yet discovered, Governments make efforts to control situations
by instructing strategies such as social distancing, quarantine and
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Fig. 1. Time series plot of COVID-19 cases from Five countries.

contact tracing of the infected or suspected people, complete lock-
down of the area and impose international/domestic travel restric-
tions [8,13,32,49]. The stochastic transmission model told about
the variation of COVID-19 over a certain period of time, and also
discussed the declining trend in Wuhan by restricting interna-
tional/domestic travel, local transport, etc., [16,32]. Many differ-
ent models observed the behavior of COVID-19 such as the virus’s
transmission route being from person to person, and doubling time
of 7.4 days [1,3,20,22,46]. To study the stochastic behavior, it de-
mands the consistent data analysis of the COVID-19 data.

Time series analysis deals with the understanding of the de-
pendence among variables by using various modeling techniques.
It provides the ultimate goal of obtaining some information about
past observations to predict future values. ARIMA (Autoregressive
Integrated Moving Average) model is based upon Box-Jenkins al-
gorithm to estimate the values of p, d and g which is widely
used in many areas of research to forecast the future phenomena
[26,29,36-39,41]. ARIMA time series models work based on past
data and assume the normality of residuals, so these models are
not appropriate to study the non-linear and complex phenomena
[4,15]. To overcome the limitations of ARIMA models, kernel-based
models are gaining special attention and are being extensively
used by most of the researchers. Support vector regression (SVR)
and least square support vector machine (LS-SVM) are two widely
used kernel-based models which have more tendency to generalize
and attain global minima for sample data (Zhou, [27,33,42,47]). LS-
SVM is an improved version of SVM which replaces inequality con-
straints in SVM with equality constraints and uses square errors to
replace non-negative errors so that the optimization problem re-
duces to a linear system of equations. So, kernel-based modeling
and forecasting can prove to be a vital tool to deal with such sit-
uation by studying its potential of transmission and growth of the
virus in the long run [6,25,46,52].

The present study considers modeling and forecasting COVID-
19 confirmed cases using autoregressive integrated moving aver-
age (ARIMA) and least square support vector machine (LS-SVM)
models, which would help in understanding the dynamic nature
of the virus transmission. This novel research will help the most
affected countries to be well prepared for the medical arrange-
ments, isolation wards, extension of lock-down, recruit new med-
ical staff/ train volunteers, etc. For this, we have considered the
daily data obtained from WHO to model the COVID-19 confirmed
cases in most affected five countries of the world, namely Italy,
Spain, France, the United Kingdom (UK), and the United States of

America (USA). The rest of the paper is organized in the follow-
ing sections: Section 2 contains data and methodology. The appli-
cations of the proposed methodology and the results obtained are
discussed in Section 3. The final Section 4 contains the conclusions
of the study.

2. Data and methodology

For the present study, a dataset consisting of COVID-19 con-
firmed cases from five most affected countries of the world
namely Italy, Spain, France, the United Kingdom, United States
of America is used to predict one-month confirmed -cases
from these countries (https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports). The dataset ranges from
21st January 2020 to 09th May 2020, consisting of 110 sample
points out of which 88 (80% of data) sample points are kept for
modeling purposes and the rest for validating the model. A time
series plot of COVID-19 confirmed cases from the five countries
is shown in Fig. 1. The data modeling techniques ARIMA and LS-
SVM are applied in this study to predict one month out of sample
data points, which will give an estimate of an increase in the con-
firmed COVID-19 cases in the future. It will help the governments
to take preventive measures to curb the immediate spread of the
disease.

2.1. Least square support vector machine

The support vector machine (SVM) developed by Vladimir Vap-
nik and co-workers at AT&T Bell Laboratories in 1995 is a su-
pervised learning technique based on the principle of Structural
Risk Minimization (SRM). Since the SVM model has a tendency to
deal with dynamic, nonlinear, and complex time-series data, there-
fore it is applicable to signal processing, pattern recognition, and
non-linear regression [9,17,18]. The dominant methodology of least
square support vector machine (LS-SVM) has been derived from
SVM, which is used to approximate accurate non-linear relation-
ship between input and output variables and is quite helpful in
solving problems related to non-linear classification and regression.

Given an input data vector X = {r,} € R? and output data vec-
tor Y = {s;} € R which are combined to form the training dataset
{(r1,51), (r2,52), -y (rn,SN)} With s, € {—1,+1} as class labels and
Y (X) = sign[wTX + b] as the linear classifier, where N is the num-
ber of samples, b is the bias and w is the weight vector. The sep-
arability of training dataset into two classes can be implied as fol-
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Fig. 2. Flow charts for modeling and forecasting of COVID-19 confirmed cases data using (a) ARIMA model (b) LS-SVM model.

lows:

Wire+b>+1, if s, =+1
wire+b<-1, if s, =-1

The joint inequality of these two inequalities can be written
as:

Y[w'X +b]>1

The methodology of convex optimization theory is behind SVM
formulations, which formulate the problem as a constrained opti-
mization problem by constructing Lagrangian using optimality con-

ditions. The problem is finally solved in the dual space of Lagrange
multipliers. With resulting classifier

N
s(r) = sign |:Z USKTIT + b:|

k=1

This linear SVM classifier takes into account an additional slack
variable while formulating the problem which modifies the set of
inequalities into [9]:

Y[WTX-l—b] >1-&, where & = {£1,&,....6n )

The SVM formulation can be used both for linear and non-
linear function estimation. As in the classic SVM approach, the
least square version of SVM taken into consideration the equality
type constraints instead of inequality constraints [40]. This refor-
mulation of solving the LS-SVM problem reduces the lengthy task
of solving complex quadratic programs to a set of solutions to lin-
ear equations. For LS-SVM classifier, in the primal space, it takes

the form,
s(r) = sign[w'r + b]

where b is a real constant. For non-linear classification, the LS-SVM
classifier in the dual space takes the form,

N
s(r) = sign |:Z sk ) + bj|

k=1

where a4, o5, .., oy are positive real constants, and b is a real
constant. In general, K(r, 1) = (¢ (1) ¢(r)) denotes a kernel func-
tion satisfying Mercer’s condition, where ( -, - ) is the inner prod-
uct and ¢(r) is the non-linear map from original space to higher-
dimensional space. The LS-SVM model for functional estimation
takes the form

N
s(r)=>_ousK(r, 1) + b
k=1

Some popular kernel functions are given by:
a) linear kernel: K(r,r,) = 1Try,

b) polynomial kernel: K(r,r;) = (r'r, +1)9, where d denotes the
degree of the polynomial kernel.

2
c) radial basis function (RBF) kernel: K(r, rk):exp(—”r;irz"”),
where 62 is a tuning parameter.
The structure of high dimensional feature space ¢(r) is depen-
dent on kernel function parameters which affect the accuracy of

the final solution. The working of the LS-SVM model has been
briefly described in the flowchart given in Fig. 2(b).
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Fig. 3. Continued

2.2. Autoregressive integrated moving average (ARIMA) model

Among the various time series models used in the field of
mathematical forecasting, Box Jenkins methodology based ARIMA
(p, d, q) model is the most popular and widely used time series
model due to its simplicity in application and capability of han-
dling non-stationary data. It is an extension of the ARMA (p, q)
model which is formed by the combination of the Auto-Regressive
(AR (p)) and Moving Average (MA (q)) time series models along
with the differencing parameter d which is used to convert a non-
stationary time series into a stationary series. Differencing of the
first order is done by finding the difference between the current
and the previous data values, the further second-order difference
is obtained by finding the difference among the first-order differ-
ences and this process continues, it is also termed as finite differ-
ence technique [2,29-31,37].

Mathematically it is given as,

p q
Xe=U+ Y QXei—&— Y DjEj
i=1 Jj=1

where x; and x,_; refers to the predicted and the observed values
of the time series.p and q refer to the order of the AR and MA

model. & represents the error terms, ¢; and 9; are the model pa-
rameters [54].

ARIMA modeling of a time-series data makes use of three steps
main steps viz, model identification, parameter estimation, diag-
nostic checking. For identification, if needed, suitable differenc-
ing of the time series is done in order to obtain normality and
stationarity. Then the values of the parameters p and q are to
be identified, which are examined with the help of autocorrela-
tion (ACF) and partial autocorrelation (PACF) functions plots [50].
The autocorrelation function measures the amount of relationship
between the actual data values with its lagged values at time t
while the partial autocorrelation measures the amount of corre-
lation between a present value with the lagged value after con-
trolling and removing all the linear dependence between the low
order lags values. Finally, the adequacy of the model is verified
with the help of the Ljung-Box test so that the further model-
ing of data series is required. In the case of the inadequacy of
the selected model, all three steps of the model building process
are repeated until an adequate model is obtained. Thus, appro-
priately selected ARIMA models are used for predicting the future
values of time series data [5,11]. ARIMA model building and fore-
casting procedure have been depicted in the flow diagram given in

Fig. 2(a).
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Fig. 4. One month ahead of COVID-19 affected cases in different countries by the ARIMA model.

3. Application and results

In the present study, COVID-19 confirmed cases from five coun-
tries, Italy, Spain, France, the United Kingdom, and the United
States of America, were used as input for modeling and forecasting.
Mean absolute error (MAE), mean square error (MSE), root mean
square error (RMSE), and coefficient of determination (R?) were
used as evaluation criteria for validating model outputs obtained
by ARIMA and LSSVM models [23]. The MAE, MSE, and RMSE are
given by

N
MAE = N;Ulo .fl.€|
al 2
MSE = Z (fio = fie)
RMSE =

where N is the number of data points, f; , and f; , are the observed
values and model’s estimated values respectively of COVID-19 af-
fected cases.

The input data of COVID-19 confirmed cases of five countries
is first tested for stationarity by using autocorrelation function
(ACF) and partial autocorrelation (PACF) plots. In the case of non-
stationarity, appropriate differencing transformation is applied to
make data stationary. ARIMA model parameters p and q are esti-
mated by regenerating ACF and PACF plots of stationary data ob-
tained by the differencing process. Maximum likelihood is another
commonly used method for parameter estimation. After estimating
the order of parameters of an ARIMA model, the overall adequacy
of the selected model is finally checked by the Ljung-Box test so
that no further modeling is required. After fitting input data with
an appropriate ARIMA model, the predictions are made and com-
pared with the testing data set to validate the model.

LSSVM methodology discussed in Section 2.1 is used to train,
validate, and predict one-month confirmed cases of COVID-19 us-
ing input data of confirmed cases in most affected five countries
of the world. In carrying out LS-SVM methodology, the dataset of
110 COVID-19 confirmed cases from five countries divided into two
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One-month ahead LS-SVM model forecast
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Table 1
Prediction performance of an ARIMA model.

Country  MAE (x103)  MSE(x108)  RMSE(x103) R?

Italy 7.773 1.029 10.147 0.9817
Spain 29.322 14.246 37.744 0.7203
France  26.128 9.170 30.283 0.9627
UK 2.750 0.114 3.381 0.9990
USA 21.339 10.222 31.972 0.9963

sub-sets: (a) the training dataset containing 88 sample points (80%
of the data) required to train model and (b) the testing dataset
containing 22 sample points (20% of the data) to assess the perfor-
mance of a model. There is a difference between LS-SVM perfor-
mance in testing and training. Generally, LS-SVM has better per-
formance in the training phase than in the testing phase due to
overtraining. LS-SVM can avoid overtraining so that generalizations
can be better made [12,21,28].

The performance of the prediction of ARIMA and LS-SVM mod-
els is given in Tables 1 and 2 separately. The results indicate a drop
in errors (MAE, MSE, and RMSE) and an increase in accuracy of
prediction (coefficient of determination) using the LS-SVM model.
For the countries Italy, Spain, and France, LS-SVM reduces errors
approximately by 60% as compared to the errors for the UK and

the USA. The RMSE values using the LS-SVM model are found to
be reduced by 80% and 64% as compared to the ARIMA model for
the countries Spain and France respectively. For Italy, the decrease
in RMSE value using the LS-SVM model is nearly 50% as compared
to the ARIMA model. The observed and LS-SVM model forecast val-
ues are found to be closer as compared to those obtained from the
ARIMA model. A comparison of observed and forecast values of a
testing dataset of COVID-19 confirmed cases from five countries by
ARIMA and LS-SVM models shown in Fig. 3. One-month ahead out
of sample forecast of COVID-19 confirmed cases from most affected
five countries of the world generated by ARIMA, and LSSVM mod-
els are shown in Figs. 4 and 5. These figures show a sharp rise in
COVID-19 confirmed cases from most affected five countries of the
world.

4. Conclusions

The present study deals with the development of ARIMA and
the LS-SVM models to predict one-month confirmed cases of
COVID-19 from most affected five countries of the world namely
Italy, Spain, France, the United Kingdom, and the United States of
America. ARIMA and the LS-SVM models have different tenden-
cies to handle COVID-19 data from the five countries. The input
of COVID-19 confirmed cases from five countries were given to
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Table 2

Prediction performance of the LS-SVM model.
Country  Training Testing

MAE (x10%) ~ MSE (x108)  RMSE (x103) R? MAE (x10°)  MSE (x108)  RMSE (x10%) R?

Italy 7.484 0.849 9.214 0.9788  4.616 0.337 6.114 0.9299
Spain 2.436 0.073 2.719 0.9988  5.790 0.515 7.176 0.8067
France 0.770 0.012 1.103 09992  12.180 1.680 12.965 0.9782
UK 0.705 0.006 0.782 0.9991  3.520 0.157 3.964 0.9966
USA 3.082 0.131 3.628 0.9997  18.405 5.137 22.667 0.9969

ARIMA and LS-SVM models according to their systematic method-
ologies and one-month ahead predictions were obtained after val-
idating these models. The results showed more accuracy of the LS-
SVM model as compared to the ARIMA model. The accuracy of the
prediction of the LS-SVM model in forecasting COVID-19 confirmed
cases for Spain was 80% more than the ARIMA model whereas
the accuracy of the LS-SVM model over the ARIMA model was
approximately 60% for the countries Italy and France. The values
of the coefficient of determination (R2) are improved by the LS-
SVM model. Moreover, one-month ahead predictions of confirmed
COVID-19 cases from five countries using LSSVM models showed
a sharp increase in COVID-19 confirmed cases as compared to the
ARIMA model. Besides various safety measures of lock-down, quar-
antine, mass testing of symptoms, both ARIMA and LS-SVM models
indicate a sharp rise in COVID-19 confirmed cases across the globe.
The values of forecasting errors MAE, MSE, and RMSE in the valida-
tion phase point towards more accuracy of the LS-SVM model over
the ARIMA model. The prediction results will help all the above-
said countries to estimate the future cases which will help to pre-
pare the number of isolation wards, availability of medicine, de-
cision on lock-down, train volunteers, further economic plans, etc.
The study depicts that governments have to take important strict
decisions to control the spread and cure the problem.
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