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a  b  s  t  r  a  c  t

COVID-19  has spread  throughout  the  world;  various  forecast  models  have  been  used  to  predict  the  devel-
opment  of  the pandemic.  The  number  of  new  cases  from  the  outbreak  to zero  has  gone through  a complete
cycle  in  Hubei,  China,  on lockdown  over  coronavirus.  So,  we  created  the  time  series  ARIMA models  for
eywords:
OVID-19
RIMA
ubei

new  cases  and  new  deaths  daily  during  this  period.  Moreover,  these  models  have  been  used  in  Italy,
which  has  the  same  population  conditions  and  on  lockdown  as Hubei,  in order  to predict  the  epidemic
in  Italy  in  the  next  ten  days  and  provide  a theoretical  basis  for the development  of  pandemics  in some
countries  in  the future.

©  2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
taly

ntroduction

As acute infectious pneumonia, COVID-19 seriously affects
uman life and health. Due to its infectiousness and general suscep-
ibility to the crowd, its transmission speed is relatively fast [1,2].
o far, there was no specific treatment for COVID-19. Moreover,
n more severe cases, its infection may  lead to pneumonia, severe
cute respiratory syndrome, renal failure, and even death [2,3], thus
ncreasing its social harm.

At present, the domestic new cases in 31 provinces are basically
ero, and overseas pandemics are in the outbreak stage. Looking
t the overall epidemic situation in China, Hubei was a severely
ffected area, and the number of new cases from the outbreak to

 has gone through a complete independent cycle, and the devel-
pment was a typical representative. Therefore, we could establish
RIMA models for the daily number of new cases and new deaths in

his cycle to observe the development trends of the epidemic. These
odels were then applied to countries with similar characteris-

ics to Hubei, China, to study its follow-up epidemic development.
bserving overseas epidemic countries, Italy and Hubei can be used

or reference in terms of population (Italy 60.317 million [4], Hubei

9.27 million [5]) and state management (Italy locked down on
020.3.10 [6], Hubei locked down on 2020.1.27 [7]). Therefore, in
his article, Italy is selected as the research object. The study par-
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ticipants applied the ARIMA models based on the new cases and
new deaths in Hubei to Italy to observe its subsequent epidemic
situation.

Methods [8]

ARIMA, namely the Box–Jenkins model, and is the most common
time series prediction model in the statistic model. It regards the
data sequence formed by the prediction object over time as a ran-
dom sequence. It analyzes a portion of the data in the sequence to
obtain specific parameters that describe the mathematical model of
the sequence to achieve time series modeling. And use the remain-
ing data in the sequence to validate the validity of the model. The
validated model can be used to predict the subsequent values of
the data series.

According to whether the data show evidence of stationary in
the different parts of regression, the ARIMA model has three basic
types: moving average (MA) model, autoregressive (AR) model, and
autoregressive integral moving average model (ARIMA).

A non-seasonal ARIMA model is generally denoted Arima (p,d,q).
If the series is the stationary series, ARIMA model can be expressed
as:

y =
p∑

a y +
q∑

ı ε (1)
t

i=1

i t−i

j=1

j t−j

In the formula, p means the autoregressive parameter, q means
the moving average order, yt means the model parameter to be
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Fig. 1. Original data and the second-order difference.
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Fig. 2. ACF and PACF of

stimated. When the sequence is unstable, it should be stabilized by
ogarithmic and difference disposal. d is the number of times when
he sequence becomes stationary through difference disposal.

For a stable sequence formed by a single observation indi-
ator, calculating the autocorrelation functions (ACF) and partial
utocorrelation functions (PACF) and their graphs to determine
he parameter values of the model. If the PACF is trun-
ated and the ACF is trailing, then the stationary sequence
ts the autoregressive model AR. If the PACF is trailing and
he ACF is truncated, the stationary sequence fits the mov-
ng average model RA. In other cases, the ARIMA model is
ecommended.

The process of ARIMA modelling includes four steps: data sta-
ilization, parameters estimation, diagnostic checking, validation
nd evaluation. Among them, we use 70% of the entire data for
odelling and use the remaining 30% of the data for model valida-

ion.
Firstly, data stabilization: The primary condition for ARIMA

odelling is that the predicted sequence must meet the smooth-
ng condition, which means the individual values fluctuate around
he series mean. For non-stationary time series, the smoothing
rocess is to take the logarithm of the sequence and make a differ-
nce. Therefore, it is necessary to judge the changing trend of the
equence. If heteroscedasticity appears, the logarithmic transfor-

ation is required. If there is a certain upward or downward trend,

he sequence needs difference disposal. The number of times when
he sequence becomes stationary through difference disposal is the
alue of parameter d.
cond-order difference.

Then, parameters estimation: After the data stabilization, calcu-
late the ACF and PACF of the d-order difference sequence. The order
of the ACF exceeding the confidence boundary lag is q value, and
the order of the PACF exceeding the confidence boundary lag is p
value.

Thirdly, diagnostic checking: Observe the ACF and PACF of the
model residuals. If they are stable, the residuals at this time is white
noise. Check the value of R2 to determine the degree of fit of the
model.

Finally, validation and evaluation: Apply the built model to pre-
dict the remaining 30% of the data, and use the parameter Mean
Absolute Error (MAE) as the evaluation criterion. The expression of
the MAE  is formula (2):

MAE  = 1
n

n∑

i=1

|xi − xi| (2)

In the formula, x is the actual value at time point i, xi is the
predicted value at time point i, and n is the number of predictions.

ARIMA model construction is performed using the SPSS for Win-
dows software package (ver.25.0, IBM).

Data description
The data, used to model and validate the ARIMA, were derived
from the daily number of confirmed new cases and new deaths
of COVID-19 cases in Hubei, China, from 2020.1.27 (Hubei, China
announced on lockdown) to 2020.3.17 (the new confirmed case



Q. Yang et al. / Journal of Infection and Public Health 13 (2020) 1415–1418 1417

Fig. 3. ACF and PACF of residual sequence.

els fit

w
m
i

R

C
(

D

H
s

m
d
s
b

P

n
t
e

o
t
A

c
i
s

D

o

Fig. 4. ARIMA mod

as zero) [9]. Italy lockdown since 2020.3.10 [10], so the validated
odels were used to predict the trend of the epidemic of COVID-19

n Italy.

esults

Use the first 70% (2020.1.27 to 2020.3.2) data of the number of
OVID-19 infected in Hubei, China to model, and use the last 30%
2020.3.3 to 2020.3.17) data to validate.

ata stabilization

The original data (confirmed new cases and new deaths, left) of
ubei, China used for modelling and the data stabilized (right) are

hown in Fig. 1.
In the original data in Fig. 1, the increase of 2.15–2.17 was dra-

atical, mainly due to the increase in a large number of clinically
iagnosed cases. In the second-order difference in Fig. 1, the data
equence (confirmed new cases and new deaths) tended to be sta-
le, which met  the requirements of ARIMA modelling.

arameters estimation

After the second-order difference, the data series of confirmed
ew cases and new deaths were stationary, the parameter d = 2 in
he ARIMA models. The ACF and PACF of the second-order differ-
nce sequence were obtained, as shown in Fig. 2.

In the confirmed new cases, the ACF diagram and PACF diagram
f the second-order difference sequence showed that the correla-
ion values did not exceed the significant boundary (0.5), so the
RIMA model was selected as ARIMA (0, 2, 0).

Moreover, in the new deaths, the order of the ACF exceeding the
onfidence boundary lag was 1, and the order of the PACF exceed-
ng the confidence boundary lag was 2, so the ARIMA model was
elected as ARIMA (2, 2, 1).
iagnostic checking

The ACF and PACF of the model residuals showed that the values
f all ACF and PACF of the residual sequence were stable. So, the
ting curve in Italy.

residual sequence no longer contained non-random components
that could be extracted. The residual at this time was white noise,
and the fitting effect was  good. R2 of ARIMA (0, 2, 0) is 0.956. R2 of
ARIMA (2, 2, 1) is 0.823. The fitting degrees were good (as shown
in Fig. 3).

Validation and evaluation

The model validation used the remaining 30% of the data. Using
MAE as the evaluation criterion, the calculated MAE  result of con-
firmed new cases was  18.1, which was  kept within 20. The MAE  of
new deaths was 5.2, which was  kept in single digits.

Trend of the epidemic in Italy

Using the models established by Hubei data, starting from Italy’s
lockdown, to predict the development of new confirmed cases and
new deaths in Italy in the next ten days. The results showed in
Fig. 4. Among them, Confirmed new cases indicated that new cases
of COVID-19 were confirmed in Italy from 2020.3.10 to 2020.4.7;
Predicted new cases indicated that ARIMA model predicted new
cases of COVID-19 in Italy from 2020.3.10 to 2020.4.17; LCL new
cases indicated that ARIMA model predicted the lower 95% con-
fidence interval (CI) for COVID-19 cases in Italy from 2020.3. 10
to 2020.4.17; UCL new cases indicated that the ARIMA model pre-
dicted the upper 95% CI for COVID-19 cases in Italy from 2020.3.10
to 2020.4.17. The definitions of new deaths, predicted new deaths,
LCL new deaths and UCL new deaths are the same as above.

It can be seen from Fig. 4 that the actual values of confirmed
new cases and new deaths in Italy all fall within the 95% CI of the
predicted values. New cases will decrease in the next ten days. The
number of new deaths in the next ten days tends to be stable and
decreases slightly.

This study uses the complete periodic data of the development
of the COVID-19 epidemic in Hubei, China, to establish the ARIMA
models. And study participants use these models to predict the

development of the Italian epidemic in the next 10 days. The models
fit well and are more suitable for short-term prediction. However,
with the development of the epidemic situation, the data sequence
constantly changes, and the model will also change accordingly.
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Hubei Province on January 27, 2020–March 17, 2020 [EB/OL]. http://www.
hubei.gov.cn/zhuanti/2020/gzxxgzbd/zxtb/.

[10] World Health Organization. Coronavirus disease 2019, situation reports
(situation report-50)–(situation report-78) [EB/OL]. https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/situation-reports.
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t the same time, the cause and development trend of the COVID-
9 epidemic situation are not yet clear. Therefore, the prediction
esults should be comprehensively considered according to the
ctual situation.
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