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1. Introduction 

The beginning of the year 2020 shocked the whole world with an unanticipated outbreak of a 

new virus, the coronavirus (SARS-CoV 2). The disease was named COVID-19 because it was first 

identified in Wuhan, China, at the end of December 2019. By the time of this research, the disease 

had spread to 65 countries. The illness severity of Covid-19 infection can range from mild, to 
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 The autoregressive integrated moving average (ARIMA) model is 

a popular method for forecasting univariate time series dataset.  

This method consists of four major stages, namely: identification, 

parameter assessment, diagnostic examination, and forecasting 

using the ARIMA model (p, d, q). ARIMA model can be applied 

in various fields, one of which is medical field. Currently, there 

had been a daily increase in the number of patients infected with 

Corona virus.. Jember is one of the regencies in East Java with a 

high number of confirmed patients. On February 5, 2021, it was 

recorded that 5,872 patients were confirmed positive for Corona, 

5,241 patients had been declared cured, and 352 patients were 

declared dead. Given the high number of confirmed cases of 

Covid-19 in Jember, the authors would like  to conduct a 

prediction research on the increasing number of confirmed cases 

of Covid-19 in Jember Regency for the upcoming period using 

the ARIMA model (p,d,q). The research was conducted in the 

Jember Regency, East Java. The data were collected from March 

28, 2020 to January 30, 2021. The study showed that the ARIMA 

model (1,2,3) was the best model for predicting the additional 

positive cases of Covid-19 per week in Jember,  with the sum 

squared resid of 7.9496. The data forecast for the additional 

positive cases of Covid-19 for the next 6 periods is: 224,56 

patients, 247,84 patients, 273,53 patients, 301,89 patients, 333,18 

patients, and 367,72 patients. 
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moderate, and severe symptoms. The main clinical symptoms of COVID-19 may include fever 

(temperature> 380C), cough and shortness of breath. The condition of most patients with severe 

symptoms of the disease may worsen rapidly and progressively, as shown by the occurrence of 

ARDS, septic shock, metabolic acidosis, which is difficult to cure, and bleeding or dysfunction of 

the coagulation system within a few days. A small percentage of clinically depressed patients may 

even die [10].  According to [1] by March 31, 2020, the virus had infected more than 750.890 

people worldwide. Thus, the World Health Organization (WHO) has declared a public health 

emergency relating to Covid-19. Since then, some citizens of many countries worldwide had 

contracted this strain of  virus. At the global level, Covid-19 has infected at least 213 countries, 

territories, or areas. The high mortality rate due to the corona virus is caused by two factors: the 

internal factors of an individual (the existing congenital diseases, and the lack of individual 

awareness in applying strict health protocols to go against this virus) and the external factors 

(inadequate hospital facilities, ineffective government regulations, and so on)[4]. 

By March 28, 2020, the global confirmed cases of Covid-19 infection had reached 571,678 

cases, with the death rate reaching 4-5%. In Indonesia, by March 29, 2020, the death rate of this 

virus had reached 9%, which was included as the highest mortality rate of the virus in the world[2]. 

Since then, there had been a rapid increase in the number of confirmed cases  and escalating date 

toll. According to [9], on February 5, 2021, the number of infected patients in Indonesia was 

1,134,854 patients, with 926,980 patients recovered and 31,202 patients died. This number indicates 

the alarming danger of the virus for humans. Jember is one of the regencies in East Java with a high 

number of confirmed patients. On February 5, 2021, it was recorded that 5,872 patients were 

confirmed positive for Corona, with 5,241 patients had been declared cured, and 352 patients were 

declared dead [6]. 

Forecasting is an activity to predict future events and is an applicable tool for effective and 

efficient planning [5]. Any epidemiological evolution is defined and influenced by different factors, 

in particular by randomness tendency. The abovementioned statistics tools cannot suffice the need 

for prediction research since they are difficult to generalize. This is why the Automatic Regressive 

Integrated Moving Average (ARIMA) model has been successfully applied at a much larger scale 

in various fields, mainly due to its easy-to-use concept and utility of algorithms. [3]. The 

autoregressive integrated moving average (ARIMA) model is a popular method for forecasting 

univariate time series dataset. According to [8], the autoregressive integrated moving average 

(ARIMA) models have been studied in depth by George Box and Gwilym Jenskins, 1976, and their 

names are often synonymous with the ARIMA process, which is applied to periodic series of 

analysis and forecasting. The Box-Jenskin method (method) is a standard procedure that is widely 

used to obtain an appropriate ARIMA model for time series dataset. This method consists of four 

major stages: identification, parameter assessment, diagnostic examination, and forecasting using 

the ARIMA model (p, d, q). 

Seeing the high number of positive cases of Covid-19 in Jember Regency, the authors would 

like to conduct a prediction research on the increasing number of confirmed cases of Covid-19in 

Jember Regency for the upcoming periods using the ARIMA model (p, d, q). The objectives of this 

study are: (1) to determine the estimation of the ARIMA model (p, d, q) for the additional positive 

cases of Covid-19 per week in Jember Regency, (2) to predict additional positive cases of Covid-19 
in Jember Regency for the upcoming periods. 

2. The Theoretical Framework 

2.1. The ARIMA (p,d,q) Models 

The autoregressive integrated moving average (ARIMA) model is a popular method for 

forecasting univariate time series dataset. According to [Rosadi], the AR (p) model is a p-order 

univariate autoregressive model for a stationary process, and is written as: 

Xt = ϕ1 Xt-1 + ϕ1 Xt-1 + ϕ1 Xt-2 + ... + ϕp Xt-p + εt      (1) 
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Model MA (q) is the q-order univariate moving average model for a stationary process, and is 

written as: 

Xt = εt - θ1 εt-1 - θ2 εt-2 - ... - θq εt-q       (2) 

The Autoregressive integrated moving average (ARIMA (p, d, q)) model  is a univariate time 

series of forecasting model that combines the autoregressive model (AR (p)) and the moving 

average model (MA (q)) for non-stationary data. The general form of ARIMA (p, d, q) can be 

written as: 

 

ϕp (B) (1-B)d Xt = θ0 + θq (B) εt       (3) 

with, ϕp (B) = (1- ϕ1 B1 – ϕ2 B2 - …. – ϕp Bp ),  and θq (B) = (1- θ 1 B1 – θ 2 B2 - …. – θ p Bp )  

with a value of d> 0. In order to make the stationary model, differencing is necessary. The concept 

of differencing is conducted by subtracting the Xt observations from the previous observations, 

namely Xt-1, Mathematically differencing can be written as: 

Differencing order 1 (d=1) : Λ Xt = Xt - Xt-1      (4) 

Differencing order 2 (d=2) : Λ Xt = Xt - Xt-1 - Xt-2     (5) 

 
Parameter estimation of ARIMA (p, d, q) model can be conducted using several methods, one of 

which is the maximum likelihood estimation method (MLE). The maximum likelihood estimation 

method is still considered as one of the efficient methods of estimating the ARIMA (p, d, q) model 

parameters. 

3. Methodology 

The research was conducted in the Jember Regency, East Java. The targets of this study were 

Covid-19 patients who had recently been tested positive. This study used the secondary data, which 

contains time series data for the additional positive cases of Covid-19 patients per week in the 

Jember Regency, which were obtained through the Jember Regency Government publication data 

(Instagram @pemkabjember) on the number of infected patients of Covid-19, the additional 

positive cases, the number of recovered patients, and the number of deaths.. The data were 

collected from March 28, 2020 to January 30, 2021. From the time series data, ARIMA model 

analysis will be carried out. 

4. Results and Discussion 

There had been a fluctuating trend of Covid-19 patients in Jember Regency, and there are no 

signs to indicate the end of this changing trend. This data can be seen from the high number of 

newly confirmed cases of Covid-19 in Jember Regency, of around 200 new patients per week. 

More details about the data on the increasing rate of confirmed cases of Covid-19 patients in the 

Jember Regency is presented in Figure.1. below in the form of weekly data. 
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      Figure. 1. Plot Data of Additional Positive Case Covid-19 Weekly in Jember  

The covid-19 virus started to hit Jember Regency at the end of March 2020. Since then, there 

had been a gradual increase in the number of Covid-19 patients in this regency. The highest 

increase occurred in November to early December 2020, which was due to several factors, 

including the effect of joint holidays during collective leave, the massive demonstrations of the 

work copyright law, the large number of residents holding a celebration, the low awareness of the 

public in implementing the health protocols of Covid-19 as the prevention against the disease, and 

several other unknown factors. Given the high number of additional positive cases of Covid-19 at 

that time, the Jember Regency Government stipulated several measurements as an effort to reduce 

the spread of the Covid-19 virus in Jember, among which were the massive public campaigns to 

comply with 3M’s health protocols, sanction for non-compliance, banning Christmas and New 

Year celebrations, and other measurements. Given this measurement, by the 2nd week of 

December 2020, there had been a declining rate of confirmed cases of Covid-19.  

Before analyzing the ARIMA model (p, d, q), we need to check the stationarity of the data.  For 

this purpose, the Augmentd Dickey-Fuller (ADF) test will be conducted. The ADF test results are 

shown in Table.1. below: 

 
Table. 1. Output of ADF Test from data 

 
 

Table.1 presents the P-value of 0.4283, and thus, we used the following hypothesis test: 

H0:ϕ = 0 (the data are not stationary in mean or variance) 

H0:ϕ ≠ 0 (the data is stationary both in mean and variance) 

By using α = 5%, we can conclude that the Failure to Reject H0 is due to the P-value of > α, so 

the data is not stationary in mean or variance. Therefore, the next step is data transformation and 

differencing. The data was transformed into a Natural Log (ln) and we performed a second order 

differencing, followed by the ADF test. The data graph of the results of transformation,second 

order differencing, and the ADF test are shown in Figure.2 below: 
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Figure.2. Plot and Output of ADF Test from Data after Transformation and Second Order Differencing  

From Table. 2, it can be seen that the P-value is 0.000. Thus, by using α = 5%, it can be 

concluded that H0 is rejected because the P-value is < α = 0,05, so the data is stationary in both 

mean and variance.   In addition, Figure.2 also indicates that the plot of data is already around the 

mean. This plot data shows that the data is stationary. Because the data is stationary in mean and 

variance, we will identify the ARIMA model (p,d,q). Identification of this model using the ACF 

and PACF plots is presented in Figure.3 below: 

 
Figure. 3. Plot of ACF and PACF for Identifying ARIMA model 

 

Figure 3 above indicates that there are up to 7 lags that exit the boundary line for the 

Autocorrelation plot. This data highlights that the possible model is MA (7), while the partial 

correlation plot shows up to 6 lags outside the boundary line, which insinuates that the possible 

model is AR (6). This description implies that the ARIMA model (p, d, q) that might occur is the 

ARIMA model (6,2,7). However, after analyzing and estimating using several models, we obtained 

the following results: 

 
 
 

Table. 2. Summary of the Parameter Estimation from ARIMA models  
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From table.2. above, it is apparent that the best model is the ARIMA model (1,2,3). Apart from 

being a significant model, it has a smaller error value, fulfills the assumptions of white noise, and 

indicates no residual autocorrelation. For more details, the following Figure 4.4 presents the 

parameter estimation output of the ARIMA model (1,2,3). 

 

 
Figure.4. Output of the Parameter Estimation of ARIMA(1,2,3) 

 

From Figure .4, we can see that the parameter estimation for the ARIMA (1,2,3)  model is 

significant with the error value used of the sum squared resid of 7.9496. In subsequent, we will 

display the output of the residual autocorrelation assumption test as shown in Figure.5 below: 

 
Figure.5. the Output of ACF and PACF Plot for Residual Autocorrelation Test  

In Figure.5 above, we can see that from the correlogram of residuals, the ACF and PACF plots  

no longer indicated any lag. Thus, it can be said that there is no autocorrelation in the residuals of 

the ARIMA model (1,2,3). Therefore, it can be said that the ARIMA model (1,2,3) is a good model 
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to be used for forecasting data on the additional positive cases of Covid-19 patients in Jember for 

weekly data, with the following mathematical model:  
 

ARIMA Model (1,2,3) 

ϕ1 (B) (1-B)2 Xt = θ0 + θ3 (B) εt 

 (1- ϕ1 B1 ) (1-B)2 Xt = θ0 + (1- θ 1 B1 – θ 2 B2– θ 3 B3 ) εt 

(1- (-0,666911) B1 ) (1-B)2 Xt = 0 + (1- (-0,421543) B1 – (-0,989436) B2 – 0,431614 B3 ) εt 

(1 + 0,666911 B1 ) (1-B)2 Xt = (1 + 0,421543 B1 + 0,989436) B2  – 0,431614 B3 ) εt 

 
Based on this model, we will conduct data forecasting. In Figure 4.6, the plot of the data 

forecasting results using the ARIMA model (1,2,3) is shown below. 

 

 
Figure.6. Plot forecasting Data of Additional Positive Cases Covid-19 in Jember  

 
From Figure.6 above, we can see the plot of the results of forecasting data using the ARIMA 

model (1,2,3). It can be seen that the data forecast results move closer to the actual data, although 

they are not exactly the same. For more details, the results of the data forecast for the next 6 

periods are presented in Table.3 below. 

 
Table.3. Forecasting Data of Additional Positive Cases Covid-19 in Jember for the Next 6 Weeks 

 
 
Table.3 shows the results of the forecast data for the next 6 periods or the next 6 weeks with the 

high rate of additional positive cases of Covid-19. Therefore, it is necessary to handle and prevent 

the transmission of the Covid-19 virus with stricter health protocols. This attempt is done in order 

to reduce the number of positive cases of Covid-19 in the future. 



 ENTHUSIASTIC 27 
International Journal of Statistics and Data Science 

 

 

https://journal.uii.ac.id/ENTHUSIASTIC  p-ISSN 2798-253X 

  e-ISSN 2798-3153  

5. Conclusion 

The conclusions of this research are: 

1. A good model for predicting additional data on positive cases of Covid-19 per week in 

Jember is the ARIMA (1,2,3) model, with the error value of the sum squared resid of 

7.9496 

2. Mathematically, the model is written as follows: 

(1 + 0,666911 B1 ) (1-B)2 Xt = (1 + 0,421543 B1 + 0,989436) B2  – 0,431614 B3 ) εt 

3. Forecasting data for the additional positive cases of Covid-19 for the next 6 periods, 

namely: 

- From   Jan 31 – Feb 6, 2021, the number of additional positive cases of covid-19 

amounted to 224,56 patients. 

- From  Feb 7 –  Feb 13, 2021, the number of additional positive cases of Covid-19 was 

247,84 patients. 

- From Feb 14 – Feb 20, 2021, the number of additional positive cases of Covid-19 was 

273,53 patients. 

- From Feb 21 – Feb 27, 2021, the number of additional positive cases of Covid-19 was 

301,89 patients. 

- From Feb 28  –  March 6, 2021, the number of additional positive cases of Covid-19 

was 333,18 patients. 

- From March 7 – March 13, 2021, the number of additional positive cases of Covid-19 

was 367,72 patients. 
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