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The COVID-19 is an epidemic that causes respiratory infection. The forecasted data will help the policy
makers to take precautionary measures and to control the epidemic spread. The two models were
adopted for forecasting the daily newly registered cases of COVID-19 namely ‘earlyR’ epidemic model
and ARIMA model. In earlyR epidemic model, the reported values of serial interval of COVID-19 with
gamma distribution have been used to estimate the value of Ry and ‘projections’ package is used to obtain

Iéeyl"""rdsl-'j_ on of evidemi epidemic trajectories by fitting the existing COVID-19 India data, serial interval distribution, and obtained
Fg;e{;’srgnlmon ot epidemic RO value of respective states. The ARIMA model is developed by using the ‘auto.arima’ function to eval-
ARIMA Mogdel uate the values of (p, d, q) and ‘forecast’ package is used to predict the new infected cases. The method-

ology evaluation shows that ARIMA model gives the better accuracy compared to earlyR epidemic model.
© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

The republic of India comprises of 28 states and 8 union territo-
ries. The COVID-19 has spread rapidly worldwide and reported
82,42,999 cases total confirmed cases and 4,45,535 deaths globally
and India has 3,66,946 as total confirmed cases and 12,237 deaths
as on 18th June 2020 [4]. The COVID-19 is zoonotic that are ini-
tially suspected in Wuhan, China region with 27 cases of unknown
pneumonia. The general signs of infection include fever, cough, res-
piratory symptoms and breathing difficulties. The medical student
from Wuhan, China is the first case in India and was diagnosed on
30th January 2020 at Thrissur, Kerala state. The first case of Tamil
Nadu is reported from Kancheepuram, a 45 years old male with
travel history to Oman, arrived on 28th February 2020. He was hos-
pitalized on 4th March 2020 and diagnosed on 7th March 2020.
The state of Maharashtra is a hotspot of COVID-19 in India. The first
symptomatic case of Maharashtra is reported from Pune on 8th
March 2020 who had travel history to Dubai and diagnoses con-
firmed on 10th March 2020 [3]. The government has announced
nationwide lockdown for 21 days (i.e, upto 14th April 2020) on
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24th March 2020 as one of the precautionary measure against
COVID-19 epidemic spread and now phase-5 lockdown is extended
up to 30th June 2020 with certain relaxations. The accurate early
prediction epidemic model would advance the prevention and con-
trol measures. The vaccination for COVID-19 is in the pipeline and
there are no explicit effective drug combinations or antiviral with
high-level evidence [10]. The premature relaxation may result sec-
ond wave of infection [11]. Epidemic forecasting models gained
huge attention in the field of epidemiology and health sciences.
The susceptible-infected-removed (SIR) model [6] is one of the
conventional epidemic forecasting models. Zhong, L et al. [14]
developed a simple epidemic model for the early prediction of
COVID-19 in the Mainland China. Their model depicts the propaga-
tion of the SARS in 2003 that has different characteristics from
COVID-19. Kenji M and Gerardo C [8] developed a better COVID-
19 outbreak model and made projections using sing a MCMC
method. Alsharif et al. [1] has developed ARIMA based time series
forecasting model to predict the daily and monthly global solar
radiation and they compared the results with Monte Carlo method.
In this article, ‘earlyR’ epidemic model and ARIMA model are eval-
uated to forecast the COVID-19 daily new incidence. It is found that
ARIMA model offers better accuracy compared to ‘earlyR’ epidemic
model. The R programming is used for the entire work.
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Nomenclature

ACF Autocorrelation function

ARIMA  Autoregressive integrated moving average
Cl Confidence Interval

COVID-19 2019 novel coronavirus disease

MAE Mean absolute error

MAPE Median absolute percentage error
MASE Mean absolute scaled error
MCMC  Monte Carlo Markov Chain

ME Margin of error

MPE Mean percentage error

PACF Partial Autocorrelation function
Ro Reproduction number

RMSE Root mean square error

WHO World health organization

2. Methodology
2.1. Data

The COVID-19 data of Maharashtra and Tamil Nadu states has
been extracted from the official website [5]. The COVID-19 data
of India from 3rd May 2020 to 24th May 2020 and Tamil Nadu data
from 07th March 2020 to 16th April 2020 are utilized for method-
ology evaluation. All the utilized data are available in Annexure I.
Fig. 1 shows the daily new incidence of COVID-19 of Maharashtra
and Tamil Nadu. The epidemic curve shows for the period from
30th January 2020 to 30th July 2020.

The ‘earlyR’ is a package available in R programming. The fol-
lowing sections 2.2 and 2.3 explain about the model development
followed by methodology evaluation.

2.2. ‘earlyR’ epidemic model

The proposed ‘earlyR’ epidemic model is a simplified version of
the model introduced by Anne Cori et al. Anne Cori et al. [2]. The
Fig. 2 shows the procedural approach of the model. The daily inci-
dence Ry of COVID-19 is estimated using ‘earlyR’ and ‘incidence’
package. The serial interval distribution is an important parameter
in the estimation of the transmissibility or RO of COVID-19 and
same has an impact on accuracy of predicting the cumulative num-
ber of new cases in near future that helps to take decisions against
the public health crisis.

Li, Q. et al., [9] estimated that the incubation period of COVID-
19 is 5.2days with 95% credible interval with six infector-
infectee data and found evidence that human-to-human transmis-
sion occurred among close contacts. Hiroshi Nishiura et al. [7] esti-
mated the median serial interval as 4.0 days with 95% credible
interval with 28 infector-infectee dataset and limiting the data to
most certain pair median serial interval is estimated as 4.6 days
for COVID-19 with 95% credible interval. The serial interval distri-
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butions i.e., mean and standard value is required to estimate the
early stage of RO. The mean and standard deviation are assumed
as 4.7 days and 2.9 days respectively from the existing work [7]
to obtain Maximum-Likelihood RO value.

The bootstrap strategy is applied for re-sampling with 1000
times for obtaining likely RO values. The prediction of cumulative
daily incidence for the next 10 days has been computed using
the ‘projections’ package in R [12]. The epidemic trajectories are
obtained by fitting the existing COVID-19 India data, serial interval
distribution, and obtained RO value of respective state and union
territory. The daily incidence obeys Poisson distribution deter-
mined by daily infectiousness and it is denoted as,

(1)

Where P (t-n) is vector of probability mass function and X, is
real time incidence at time n. The mean, median, minimum and
maximum values can be obtained with 95% CI.

A1) =30 X,P(t — )

2.3. ARIMA model

ARIMA model is specified with three parameters p, d, q and
symbolized as ARIMA (p,d,q). The ‘p’ is the number of autoregres-
sive parameters in the model; d is the number of non seasonal dif-
ferences; q is the number of moving average parameters in the
model.

The X, is unknown cases in the series of interest at time t, which
is a random variable, a p™ order of Autoregressive, AR(p) is defined
as follows

(2)

observations,

X — Zzzlq)kxtfk =&t

where €,is a uncertainty affecting
@, are the AR coefficients.

The moving average component of order q, MA(q) is defined as
follows

our
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Fig. 1. Daily new incidence of COVID-19.
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where VX; = (1 — B)X; is the lag 1 differencing operator, and B is
the backward shift operator defined by B"X:=X;_,
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Fig. 2. Flowchart of earlyR epidemic model. PACF
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Where 6y, 0, ..., 6, are the moving average parameters. [ Stop ]

The degree of differencing d, represents how many cases in the

time series are far from being stationary, is defined as follows
Fig. 3. Flowchart of ARIMA Model.
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Fig. 4. (a). The likelihood Ry value of evaluation data of Tamil Nadu (b) Global force of Infection (c). Projected likely RO values for the next 10 days (d). Predicted incidence

with different quantile for the next 10 days.
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Fig. 4 (continued)

Fig. 3 shows the procedural approach of ARIMA model. The
specified period data have been recorded in excel file and accessed
using ‘readxl’ package. The missing data should be removed from
the series. ‘AUTOARIMA’ package is applied to estimate the values
of (p, d, q). The ‘forecast’ package is used to obtain the predicted
new cases of COVID-19 in India for the next 23 days during evalu-
ation The accuracy of the model has been evaluated using MAPE
parameter as (100-MAPE) also checked with ACF and PACF.

3. Methodology evaluation
3.1. Evaluation of ‘earlyR’ epidemic model with real time data

The Tamil Nadu COVID-19 data from 07th March 2020 to 16th
April 2020 is considered as input to the model and it is available in

Annexure I. The mean and standard deviation are assumed as
4.7 days and 2.9 days respectively from the existing work [7]. The
likelihood Ry value of the input COVID-19 data for the mentioned
period is 1.161 as shown in Fig. 4(a). The global force of infection
can be found in Fig. 4(b). The projected likelihood Ry values using
bootstrap resampling method with 1000 samples is shown in Fig. 4
(c). It is observed that minimum, median, mean and maximum val-
ues with 95% CI as 1.061, 1.161, 1.162 and 1.281 respectively. The
epidemic trajectory with different quantile is shown in Fig. 4(d) for
the next 10 days. The minimum, median, mean and maximum inci-
dence in the next 10 days with 95% CI is observed as 607, 806,
804.9 and 1028 respectively. For the forecasted period, actual cases
reported are 1242. The % error is obtained as 35.1% for ‘earlyR’ epi-
demic model with median forecasted value. The %error of the
specific interval incidence is evaluated as,
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ActualCummulativelncidence—

PredictedCummulativelncidence , 1 (5)
ActualCummulativelncidence

%error =

3.2. Evaluation of ARIMA model with real time data

The ‘auto.arima’ function in R is used and obtained model as
ARIMA(0,1,1) for the India’s COVID-19 data from 3rd May 2020
to 24th May 2020. The specified period data is available in Annex-
ure I. Fig. 5(a) shows the actual and forecasted newly confirmed
cases with 80% and 95% CI. The black line indicates the actual inci-

dence. The blue line indicates the point of forecast. The blue and
grey shades indicate the regions of 80% and 95% CI. The ACF and
PACF plot of ARIMA evaluation model is shown in Fig. 5(b) and 5
(c) respectively. Table 1 shows the accuracy parameters of ARIMA
evaluation model. It is observed that the model has been designed
with 90.49%. It is estimated from (100-MAPE) value. Table 2 shows
the comparison of actual reported cases with point of forecast
value. It is observed the deviation ranging from —9.78491% to
11.61085%.

It is observed that compared to ‘earlyR’ epidemic model ARIMA
model offers better accuracy with real incidence. The future pre-
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Forecasts from ARIMA(0,1,1) with drift
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Fig. 5. (a). Actual and forecasted newly confirmed cases of evaluation model (b). ACF plot of evaluation model COVID-19 dataset (c). PACF plot of evaluation model COVID-19
dataset.
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Table 1
Model accuracy parameters.
Model ME RMSE MAE MPE MAPE MASE ACF1
ARIMA (0,1,1) Training set 5.891605 449.6704 375.4912 —1.54434 9.514808 0.8606544 —0.1357024

dicted daily incidence purely depends on the reproduction num-
ber. The strict measures on infection management and control
are required to bring down the infective cases in future failing
may reach the maximum value. The WHO health advice should
strictly be followed such as avoid touching eyes, nose and mouth,

Table 2
Comparison Actual reported cases with predicted cases.

Date Forecasted Cases Actual reported cases % Error
25-May 6838 6977 —2.03276
26-May 7032 6535 7.067691
27-May 7226 6387 11.61085
28-May 7420 6566 11.50943
29-May 7614 7466 1.943788
30-May 7809 7964 —1.98489
31-May 8003 8380 -4.71073
1-Jun 8197 8392 —2.37892
2-Jun 8391 8171 2.621857
3-Jun 8585 8909 —3.77402
4-Jun 8779 9304 —5.98018
5-Jun 8973 9851 —9.78491
6-Jun 9167 9887 —7.85426
7-Jun 9362 9971 —6.50502
8-Jun 9556 9983 —4.4684
9-Jun 9750 9987 —2.43077
10-Jun 9944 9985 -0.41231
11-Jun 10,138 9996 1.400671
12-Jun 10,332 10,956 —6.03949
13-Jun 10,526 11,458 —8.85427
14-Jun 10,720 11,929 -11.278
15-Jun 10,914 11,502 —5.38758
16-Jun 11,109 10,667 3.978756

practicing the respiratory hygiene (wearing mask), seeking early
medical care after feeling the symptoms of COVID-19, washing
hands regularly and thoroughly with an alcohol-based hand sani-
tizers or wash them with soap and water and maintain social dis-
tance at least 1 m (3 feet) between them with the people those
who are coughing / sneezing [13]. In addition, the quarantining
the infected people with rapid diagnostics may also help to control
the COVID-19 epidemic.

4. Conclusion

The accuracy of the predicted figures depends on identified
infective in the prescribed interval. The large number unidentified
infective in the available daily incidence of data may bring uncer-
tainties in the developed forecasting model. The strict measures
will help the health policy makers to control the spread of
COVID-19 epidemic. With the comparison of ‘earlyR’ epidemic
model with ARIMA model, it is found that ARIMA model offers bet-
ter accuracy. Our study will help the corresponding policy makers
to take the precautionary measure using the suitable prediction
model.

5. Data availability statement
The data used are publically available in the Indian government

official website (https://www.mohfw.gov.in/). The extracted input
data used for prediction is available in Annexure I.
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