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 Abstract     
Background: Through the fifth wave of the Covid-19 outbreak 
in Jahrom, the fatality and incidence of the virus increased. The 
quick spread of infection is one of the causes of this dreadful 
situation. Therefore, recognizing the future epidemic trend can 
be a useful instrument to decrease mortality and morbidity. This 
study aimed to determine the time trends and select the best 
model to predict the sixth wave of the COVID-19 outbreak using 
ARIMA models. 
Methods: We used daily data of 9533 hospital cases (Suspected 
and PCR-confirmed COVID-19 cases) between 4th March 2020 
and 31st December 2021. Nine different ARIMA models were 
fitted to our data. Autocorrelation functions (ACF) and partial 
autocorrelation (PACF) plots were used to determine model 
parameters. Likelihood-ratio test for comparison of the reduced 
and full model was used. In addition, Akaike Information 
Criteria (AIC) was also used to choose the final model. Data were 
analyzed by STATA 14 software with a significant level of 0.05.
Results: The ARIMA (3, 0, 3) model was selected among the 
potential models, with lower AIC (999) and MAPE (3.18%) values. 
This model showed that the daily number of hospitalized patients 
may increase from 5.85 (2.16-15.79) to 8.55 (1.47-49.48) in two 
months. By March 01, 2022, the predictable daily hospitalized 
cases could reach 468.36 (03.79-2209.88).
Conclusion: Time series models is a useful tool for predicting 
the hospitals’ admission trend during an epidemic. Thus, they 
can be used as early warning models in the readiness of hospital 
systems during epidemics.
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Introduction

With the advent of the SARS-CoV-2, it first spread to 
Wuhan, China, and then spread to all countries shortly.1 
The World Health Organization (WHO) called it Covid-
19 and a pandemic and declared a state of emergency.2 
Covid-19 is an emerging and unknown disease, and 
despite much research, many aspects remain unknown. 
WHO has stated that the most important way to control 

the disease is to break the chain of transmission. In 
this regardthe most important health recommendations 
were to observe personal hygiene and reduce people’s 
exposure to each other.3

This pandemic of the COVID- 2019 is spreading 
worldwide, with 289,713,814 confirmed cases and 
5,457,330 deaths globally when writing this report 
on 2022/01/02, 6:00 am. The Islamic Republic of 
Iran reported 6,266,939 confirmed cases and 131,639 
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deaths as of 02nd January 2022.4 The virus has spread 
to all provinces of Iran, and no region has been left 
without confirmed virus cases. Prevention strategies 
(vaccination, case finding and massive testing, elective 
quarantine) advised and other coping methods applied, 
such as tracking individual’s contact with confirmed 
patients using extensive testing and segregation of 
asymptomatic patients, can help control the pandemic 
and decrease the basic reproduction number (R0) to 
less than one.5 These strategies have had varying 
degrees of success across different countries.5, 6

Despite the approval of multiple vaccines and 
injection of the third and fourth booster doses of 
Covid-19 vaccines in many countries, the virus showed 
multiple mutations such as Delta (B. 1.617. 2), Lambda 
(C.37) and Omicron (B. 1.1. 529). It has raised many 
concerns for major health systems worldwide about 
the potential impact of existing vaccines on mutations 
and when the pandemic will end. Therefore, how long 
will this pandemic continue in IR and the world? 

This study aimed to determine the time trends 
and select the best model to predict the sixth wave of 
the COVID-19 epidemic, using ARIMA models in 
Jahrom County.

Methods

This study used daily data of 9533 hospital patients 
(Suspected and PCR-confirmed COVID-19 cases) 
between 4th March 2020 and 31st December 2021. During 
the study period, the daily incidence cases were used 
to create an ARIMA time series analysis. In general, 
when dealing with data that does not exhibit seasonal 
patterns, the model is fitted as ARIMA (p, d, q). The 
parameters of the ARIMA model are as follows: p 
represents the autoregressive number (AR), which 
determines how many time periods are used to predict 

the current period. This parameter is determined from 
the partial autocorrelation functions (PACF) diagram, 
d: the number of differentials taken to static mean and 
the parameter q represents the moving averages number 
(MA), which takes into account the deviation of the 
series data from the series average over a certain number 
of time periods to predict the current time period. This 
parameter is specified from the autocorrelation functions 
(ACF) diagram.7, 8

In the next stage, the Likelihood-ratio test was used 
to compare the reduced and full model. AIC (lower 
Akaike Information Criteria) and BIC (Bayesian 
information criterion) were good methods among 
models extended by diverse lags.9

Then, the selected ARIMA model was used 
to predict the frequency of daily admission of 
hospitalized cases. The predicting precision was 
assessed by MAPE (mean absolute percentage error), 
via the following formula, the lower the value, the 
higher the precision of the fitted model:

Where: N=The number of time forecast.
Data analysis was performed using Stata software 

(version 14) in a time series analysis package Box-Cox 
regression test was used to evaluate the stationary in 
the data variance and Dickey-Fuller test was used to 
confirm the stationary in the data mean. To confirm 
the goodness-of-fit of the selected model, the authors 
used the histogram of the residuals (difference between 
actual and predicted cases) to check the normality, and 
the portmanteau test was used to show the independence 
of the residuals. The alpha level was 0.05.
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Figure 1: Trend and distribution 9533 hospital cases between 4th March 2020 and 31th December 2021in Pymaneie hospital.
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Results

Figure 1 shows the trend of daily admission cases in a 
hospital specified for COVID-19 (Peymanie) in Jahrom 
County from 4th March 2020 and 31st December 2021.

In the next step, the third-order smoothing method 
was used to remove the series noises and the regular 
and justified patterns, and reduce the fluctuations in 
the data. This method considers the average of the 
earlier three data collected in three different times 
instead of individual data (moving average).

The highest number of hospitalization occurred on 
August 23rd 2021 (60 cases) and has been decreasing 
since November 15th 2021 (13 case).

ARIMA model was made using hospital case data 
within the study period. It showed that the series were 
non-stationary regarding variances (theta=0.037), and 
log conversion was applied. The mean was stationary 
in a series (Dickey-Fuller, t statistic=-9.18 P<0.001). 

To describe the main parameters of the ARIMA 
model (p, d, q), ACF and PACF diagrams were drawn 
for hospital case, and a combination of MA (27) and 
AR (6) to the possible models was suggested (Figure 2).  
In these charts, the gray zone displays the 95% 
confidence level, and the lines that are continuous out 
of the limited area will be significant. According to the 
ACF plot, the lack of sinusoidal wave coefficients, and 
the lack of significant correlation in 12 and 24 lags, 
the disease does not have a seasonal trend.

The possible models for ARIMA of hospital cases 
were ARIMA (0, 0, 1); ARIMA (1, 0, 1); ARIMA (1, 0, 
2), ARIMA (2, 0, 1), ARIMA (2, 0, 2); ARIMA (3, 0, 2), 
ARIMA (3, 0, 3), ARIMA (4, 0, 3) and ARIMA (3, 0, 4).

The authors created different models by changing 
the parameter to achieve the final model with the most 
appropriate value of parameters. Furthermore the model 
with fewer parameters was reduced model, and the 
model with more parameters was named the full model. 
In the next step, the models were compared in pairs 
with the likelihood ratio test, and finally, the best model 

and the parsimonious model were selected as the final 
model, considering the lowest AIC and BIC measures.

After this step, it was found that the ARIMA (3, 0, 3) 
model was the most suitable of all investigated models, 
with lower AIC (999) and BIC (1035) measures (Table 1).

In reality, for every possible model, a time series 
analysis was done, and the AIC quantity of the 
appropriate model was calculated and compared 
together. The P value of the Likelihood-ratio test for 
reduced and full models was significant (P<0.001).

Figure 2: Autocorrelation functions (ACF) and Partial 
autocorrelation functions (PACF) plots of the trend in Hospital 
cases.

Table 1: ARIMA models for cases of hospital cases.
Component ARIMA

 (0, 0, 1)
ARIMA
 (1, 0, 1)

ARIMA
 (1, 0, 2)

ARIMA 
 (2, 0, 1)

ARIMA 
 (2, 0, 2)

ARIMA 
 (3, 0, 2)

ARIMA 
 (3, 0, 3)

ARIMA 
 (3, 0, 4)

ARIMA 
 (4, 0, 3)

Constant 2.25 2.26 2.26 2.26 2.26 2.26 2.26 0.67 2.26
L1.ar - 0.98 0.98 0.92 0.12 1.67 2.17 0.62 0.87
L2.ar - - - -0.02 0.85 0.78 -1.84 -0.31 0.45
L3.ar - - - - - 0.10 0.66 - -0.52
L4.ar - - - - - - - - 0.17
L1.ma 0.51 -0.72 -0.74 -0.71 0.11 -1.44 -1.93 -0.44 -0.63
L2. ma - - -0.01 - -0.60 0.58 1.51 -0.57 -0.45
L3. ma - - - - - - -0.43 0.22 0.41
L4. ma - - - - - - - 0.13 -
Sigma 0.76 0.51 0.51 0.51 0.51 0.50 0.50 0.50 0.50
AIC 1543 1005 1007 1007 1008 1003 999 1002 1002
BIC 1556 1023 1030 1030 1035 1034 1035 1042 1042
AR (autoregressive), MA (moving average), AIC (Akaike information criteria), BIC (Bayesian information criterion), L (Lag), - (Not 
applicable)
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Figure 3: Observed numbers hospital cases for the period between 4th March 2020 and 31th December 2021 and 1-step ahead predicted 
values between 01th January 2022 to 01th March 2022 based values on ARIMA (3, 0, 3) model.

Table 2: The forecast values (95% CI) according to fitted models of hospital patients for the period from 01th January 2022 to 01th March 
2022.
Days Forecast Cases (95%CI) Days Forecast Cases (95%CI)
01Jan2022 5.85 (2.16-15.79) 01 Feb 2022 7.92 (1.59-39.32)
02Jan2022 6.28 (2.26-17.46) 02 Feb 2022 7.94 (1.58-39.81)
03Jan2022 6.90 (2.44-19.52) 03 Feb 2022 7.97 (1.57-40.28)
04Jan2022 7.38 (2.56-21.29) 04 Feb 2022 8.00 (1.57-40.75)
05Jan2022 7.52 (2.53-22.34) 05 Feb 2022 8.02 (1.56-41.22)
06Jan2022 7.38 (2.39-22.79) 06 Feb 2022 8.05 (1.55-41.67)
07Jan2022 7.13 (2.21-23.01) 07 Feb 2022 8.08 (1.55-42.10)
08Jan2022 6.96 (2.07-23.35) 08 Feb 2022 8.10 (1.54-42.53)
09Jan2022 6.94 (2.00-24.01) 09 Feb 2022 8.13 (1.53-42.94)
010Jan2022 7.04 (1.94-24.97) 10 Feb 2022 8.15 (1.53-43.35)
11Jan2022 7.20 (1.98-26.08) 11 Feb 2022 8.17 (1.52-43.75)
12Jan2022 7.34 (1.98-27.14) 12 Feb 2022 8.20 (1.52-44.13)
13Jan2022 7.41 (1.96-28.00) 13 Feb 2022 8.22 (1.52-44.51)
14Jan2022 7.43 (1.92-28.66) 14 Feb 2022 8.25 (1.51-44.88)
15Jan2022 7.41 (1.88-29.21) 15 Feb 2022 8.27 (1.51-45.25)
16Jan2022 7.39 (1.83-29-76) 16 Feb 2022 8.29 (1.50-45.60)
17Jan2022 7.41 (1.80-30.37) 17 Feb 2022 8.31 (1.50-45.94)
18Jan2022 7.45 (1.78-31.07) 18 Feb 2022 8.33 (1.50-46-28)
19Jan2022 7.57 (1.77-31.82) 19 Feb 2022 8.36 (1.49-46.61)
20Jan2022 7.56 (1.75-32.55) 20 Feb 2022 8.38 (1.49-46.93)
21Jan2022 7.60 (1.74-33.23) 21 Feb 2022 8.40 (1.49-47.24)
22Jan2022 7.64 (1.72-33.65) 22 Feb 2022 8.42 (1.49-47.54)
23Jan2022 7.66 (1.70-34-42) 23 Feb 2022 8.44 (1.48-47-84)
24Jan2022 7.68 (1.68-34.98) 24 Feb 2022 8.46 (1.48-48.13)
25Jan2022 7.70 (1.67-35-54) 25 Feb 2022 8.48 (1.48-48.42)
26Jan2022 7.73 (1.65-36.11) 26 Feb 2022 8.50 (1.48-48.69)
27Jan2022 7.72 (1.64-36.68) 27 Feb 2022 8.51 (1.48-48-.96)
28Jan2022 7.80 (1.63-37.25) 28 Feb 2022 8.53 (1.48-49.23)
29Jan2022 7.83 (1.62-37.80) 01 Mar 2022 8.55 (1.47-49.48)
30Jan2022 7.86 (1.61-38.33) - -
31Jan2022 7.89 (1.60-38.83) - -
Total 468.36 (103.79-2209.88)
CI: Confidence interval
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Figure 3 displays the model’s fitted number 
of hospital patients from 4th March 2020 and 31st 
December. To assess the validity of the selected 
model, we displayed a fitted model with real data 
of hospitalization between 4th March 2020 and 31st 
December 2021. Then we forecasted the number of 
admission patients with 95% confidence interval 
between 1st January 2022 to 1st March 2022 based on 
ARIMA (3, 0, 3) model. The fitted model is fully fitted 
to the real data (Figure 3). 

The total cumulative hospital patients admission in 
the next 60 days’ in the hospital specified for COVID-
19 in Jahrom County was predicted to be around 
468.36 (CI95%:103.79-2209.88) (Table 2).

Generally, the forecasted hospital patients 
followed a similar pattern to real hospital patients, 
demonstrating that ARIMA (3, 0, 3) model could 
predict hospitalization cases very well.

The final model’s residuals distribution was 
normal, as shown in Figure 4. The MAPE measure 
was 3.18%, and the portmanteau test for white noise 
was (Q=53.68, P=0.072). 

Discussion

The key purpose of this study was to use a time series 
analysis called the ARIMA model to perceive and 
forecast the trend of COVID-19 in southern Iran based 
on daily hospitalized patients available by Jahrom 
University of Medical Sciences. It is important to know 
the duration and the trend of hospitalization when an 
epidemic occurs.

This study showed that the ARIMA (3, 0, 3) 

model can be used to predict hospital admission 
trends during the epidemic and complement the 
current surveillance system to public health policy-
makers for early warning and readiness of hospital 
systems during epidemics. This model showed that 
the number of daily hospitalized cases in Jahrom may 
increase from 5.85 (2.16-15.79) to 8.55 (1.47-49.48) 
in two months. By March 01, 2022, the predictable 
daily hospitalized cases could reach 468.36 (03.79-
2209.88). Given the upper limit of the predicted cases, 
it is quite clear that the health authorities of this city 
should adopt disease prevention and control programs 
to prevent and control hospitalized cases.

There is an increasing application of the ARIMA 
model in public health, particularly COVID-19. One 
study used the ARIMA (8, 1, 7) model to predict 
daily COVID-19 cases in Bangladesh,10 and another 
study used ARIMA (1, 2, 2) to predict death cases of 
COVID-19 worldwide.11

In Iran, one study applied ARIMA (1, 0, 0) and 
ARIMA (1, 0, 1) for predicting the incident and death 
cases of COVID-19.8 In addition, other studies in Iran 
have used ARIMA models to predict the trend of the 
Covid-19 epidemic wave.12-14

International public health surveillance systems 
must enhance the quality and capacity of health 
systems to respond quickly to the COVID-19 
pandemic. These activities depend on the knowledge 
of the COVID-19 occurrence in the future and the 
factors associated with the its occurrence. Therefore, 
using models is necessary to predict the incidence 
of COVID-19, particularly for the regions where the 
risk is high and such assessment is essential to make 
further preventive plans.

Figure 4: Histogram of the residuals in ARIMA (3, 0, 3) model.
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ARIMA models are suitable for short-term 
prediction, so we recommend using other time series 
models without this limitation, like the markov 
switching model for long-term time series prediction 
in COVID-19 in future studies.15

Conclusion

Time series models are useful toosl for predicting the 
admission trend of hospitals during the epidemic. Thus, 
they can be used as early warning models in the readiness 
of hospital systems during epidemics.
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