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Currently, the COVID-19 epidemic has spread to more than 210
countries, with 3 272 202 confirmed cases and 230 104 deaths
globally as of 3rd May 2020. Iran is found as the hotspot region
of COVID-19 in the Eastern Mediterranean with more than 93
thousands confirmed cases and 5 957 deaths until 30th April[1].
Suppression strategies especially case isolation, elective home
quarantine, and other mitigation approaches such as the closure of
educational centers and transmission control by the lockdown of
social activities are applied to reduce the basic reproduction number
to less than 1[2]. The strategies have achieved varying degrees of
success in different countries[3]. The autoregressive integrated
moving average (ARIMA) models were developed to determine the
temporal patterns and short-term prediction[4].

This approach is useful for forecasting and evaluation of
confronting measures and a number of studies have confirmed
it[5-7]. The results of this study can help to make an informative
decision by the government and set proper policy to adopt
interventions for this infectious disease.

The daily new laboratory-confirmed, recovered and death due to
COVID-19 cases between 20th February 2020 and 30th April 2020
extracted from World Health Organization website[1].

Firstly, we developed the ARIMA model for each series. This
model includes single regression, multiple regression, and the
moving averages. It can remove the confounding effect of time.
Therefore, the time series model ARIMA (p, d, q) consists of several
components. The order of p, d, and q is explained as the auto-
regressive part of the model, the integrated part of the model, and
the moving average parameter{s].

This linear combination is formulated as:
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Where y is a dependent variable (daily cases of COVID19), A,
is an autoregressive operator coefficient vy, is the moving average
operator coefficient, y,, is the value of the cases of COVID-19 in an
earlier time, ¢ is the value of the cases of COVID-19 deviation in q
time, and e, is a random error term with the white-nose distribution.

The assumption of this model is based on the stationary data, so
we performed the Bartlett and the unit-root tests for determination
stationery for variance and mean value of data and then transformed
them if needed. For estimation of the number of autoregressive and
moving average parameters, we used autocorrelation functions and
partial autocorrelation functions correlograms, after which possible
models were identified[9].

In the next step, we evaluated the goodness-of-fit of the end model
through checking white noise residuals with Ljung-Box (Q) test and
the best- model which was fitted to the data was selected based on
least value of the Akaike Information Criterion (AIC)[5].

Then, the best ARIMA models were applied to the prediction
of the events of COVID-19, and the forecasting precision was
estimated by the root-mean-square error (RMSE). This is computed

using the following formula:
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Figure 1. Autocorrelation and partial autocorrelation functions plots and daily observed numbers of series of COVID-19, fitted values (20th

February to 30th April) and 1-step ahead predicted values (14 days ahead).

Where Y, of events is the observed number, Yt is the forecast
values at time t, and N is the number of events[10]. The statistical
significance level was set at 0.05. Stata (ver.14) was used as the
software for the statistical analysis.

The trend of the actual and predicted number of cases for each
series of COVID-19 including new cases, recovery, and death cases
for 71 days from 20th February 2020 to 30th April 2020 is presented
in Figure 1. Also, these graphs indicate the forecast numbers for the
14 days ahead as shown in see Table 1.

After the stationary tests, the square root transformation was
used for the new cases, death cases, and recovery cases, and no
one needed a regular difference. All statistical methods were
performed on the transformed data. Autocorrelation functions and

partial autocorrelation functions plots were drawn for each series of

COVID-19 cases. In these charts, the grey zone displays the 95%
confidence interval and the lines that are continuously out of range is
considered as significantly different (Figure 1).

The potential ARIMA models for the new cases of COVID-
19 cases were ARIMA (1, 0, 0) and ARIMA (1, 0, 1), and for the
recovery cases were ARIMA (1, 0, 1) and ARIMA (2, 0, 1). Finally,
ARIMA (1, 0, 1) and ARIMA (1, 0, 0) were recruited for the death
cases.

The goodness-of-fit of the models was evaluated by using the
Ljung-Box (Q) test and AIC. The ARIMA (1, 0, 0), ARIMA (1,
0, 1), and ARIMA (1, 0, 1) were selected for determining the new
confirmed cases, the death cases, and the recovery cases as the best

ARIMA models, respectively.
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Table 1. The forecast values (95% CI) according to fitted models of
COVID-19 for the period from Ist May to 14th May 2020.

Events Date Forecast values Lower values Upper values
New 1st May 974.83 969.20 980.46
confirmed cases
2nd May 966.81 958.90 974.71
3rd May 958.93 949.32 968.55
4th May 951.20 940.18 962.22
S5th May 943.61 931.37 955.85
6th May 936.15 922.84 949.47
7th May 928.83 914.55 943.11
8th May 921.64 906.47 936.80
9th May 914.57 898.60 930.55
10th May 907.64 890.91 924.36
11th May 900.82 883.40 918.25
12th May 894.13 876.05 912.21
13th May 887.56 868.86 906.25
14th May 881.10 861.83 900.37
Recovery cases  1st May 1321.58 1308.54 1334.62
2nd May 1303.54 1289.07 1318.01
3rd May 1285.95 1270.21 1301.6
4th May 1268.77 125191 1285.63
5th May 1252.0 1234.13 1269.89
6th May 1235.66 1216.84 1254.47
7th May 1219.69 1200.02 1239.36
8th May 1204.11 1183.64 1224.58
9th May 1188.90 1 167.69 1210.10
10th May 1174.06 1152.16 1195.95
11th May 1159.56 1137.02 1182.10
12th May 1145.41 1122.26 1 168.55
13th May 1131.59 1107.87 1 155.30
14th May 1118.09 1093.83 1142.34
Death cases Ist May 72.34 70.32 74.36
2nd May 71.72 69.27 74.17
3rd May 71.12 68.32 73.92
4th May 70.53 67.42 73.63
Sth May 69.94 66.57 73.32
6th May 69.37 65.76 72.99
7th May 68.82 64.98 72.65
8th May 68.27 64.23 72.31
9th May 67.73 63.50 71.96
10th May 67.20 62.80 71.60
11th May 66.68 62.12 71.25
12th May 66.18 61.46 70.89
13th May 65.68 60.82 70.54
14th May 65.19 60.20 70.18

Table 2. Characteristics of the best ARIMA fitted models series of COVID-
19 from 20th February to 30th April.

Ljung-Box test’ + Training
Events The best model ———————
vens © bestmode P-value Statistics RMSE'
New confirmed — \pivia (1,0,0) 092 2208 36085  2.86
cases
Recovery cases ARIMA (1,0,1) 0.69 28.34  480.87 6.63
Death cases ARIMA (1,0,1) 0.81 25.62 216.78 1.16

"The portmanteau test for residuals white noise. *Akaike Information

Criterion. "The root means square error.

The results of the goodness-of-fit of the models are presented in
Table 2. Note that this is only for the best-fitted models. For the
residuals of the selected models, it is shown that the data were

completely modelled.

We found models based on the best models that fit for each series
of COVID-19 between 20th February 2020 and 30th April 2020 and
then forecasted them for 14 days ahead (Figure 1A and Table 1).
Next, we compared the actual data of COVID-19 events with the
predicted cases. The predicted models are approximately in line with
the real death and new confirmed cases, but the recovery cases are
less precise than others as shown in Figure 1. The formula of models
is as follows:

The equation of daily new laboratory-confirmed cases is:

SQRT New cases=22.06+0.98 SQRT New cases, 3)

Eq. (3) indicates that an increment in the square number of new
cases at this time leads to increase of 98% in square number for new
cases, one day ahead (P<0.001), and the Wald test is significant.
After an exponential increase in the middle of the epidemic period,
the situation is converted as shown in Figure 1A. In a short time, we
have predicted a declining trend in the occurrence of new cases.

The equation of the recovery cases is:

SQRT Recovery cases=22.20+0.98 SQRT Recovery cases,_-0.50 ¢,
“

Eq. (4) shows that the rising square number of recovery cases at this
time results in a significant increase of 98% in the square number
of recovery cases one day ahead, and a negative correlation with the
deviation in one time ago (P<0.001). The Wald test is significant.
This character is shown in Figure 1B, where we expect to see a
somewhat decreased trend over time.

The equation of death cases is as follows:
SQRT Death cases=6.12+0.98 SQRT Death case_-0.30¢,, (5)

Similarly, Eq. (5) shows that the increasing square number of death
cases at this time leads to an increase in the square number of death
cases one day ahead, and a negative correlation with the deviation
in one time ago (P<0.001). The Wald test is significant. Figure 1C
shows that after an exponential increase in the early stage of the
epidemic period, the situation converted. In a short time, we predict
a smoothly decline trend in the occurrence of death cases as shown
in Figure 1C.

The forecasting in this study was based on the primary time series
methods. This means that it is affected by the outlier data, not
considering the unknown noise. Therefore, the models have better
performance for the short term, but the findings should be explained
with thriftiness[8.9]. However, the application and interpretation of
these models are simple and is an immediate tools for monitoring
systems|6.7].

The government of the Islamic Republic of Iran advised to close the
educational centers and locked down activities and other confronting

approaches from the earliest days of the outbreak on 24th February.
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It is noted that Iranian people celebrate their own new year starting
on 21th March 2020. They follow the calendar which is based on
solar and is different from Christian’s calendar. In their new year,
people visiting family and friends traditionally and this results in
the growing number of contacts between people which eventually
can increase the number of new cases and casualties with the spread
of COVID-19. It is anticipated that these patterns may be repeated
during or after the Ramadan (the holy month in Islam) due to
crowding people for praying in mosques and holy shrines. Therefore,
the government should consider preventing measures to control the
spread of the viruses under these conditions.

The predicted number of new confirmed, death, and recovery cases
indicated somewhat is decreasing. The goodness-of-fit criteria were
suitable for these events. However, the confirmed cases can rise
remarkably, unless necessary preventive measures are kept in place.

In conclusion, the proposed models in this work can act as a
predictive tool for public health planning for better understanding of
the dynamics of COVID-19 in a resource-constrained context with
minimal data entry. Updating these data can be highly useful for an

accurate predictions.
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