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Abstract 

We applied two statistical models, namely Poison Autoregressive and Holt 

Winter models. These models were used to better explain the Covid-19 

contagion dynamics in Saudi Arabia, which can have an impact on health, 

economics, finance, and other disciplines. Both models were tested based on 

daily count time series data of confirmed cases. Moreover, we evaluate the 

precision of a Poison Autoregressive method with Holt-Winters method. The 

result showed that a Poison Autoregressive method gives better results 

forecasting.  
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1.   INTRODUCTION 

Saudi Arabia has a population of 34 million people, with the majority living in Riyadh, 

Mecca, Jeddah, Dammam, Medina, and other major cities (The General Authority for 

Statistics - Saudi Arabia, 2020). Saudi Arabia is ranked second in the Eastern 

Mediterranean region in terms of the infected and active cases, according to the WHO, 

2020a. There were 80,185 total cases, 54,553 recoveries, and 441 deaths in Saudi 

Arabia as of May 28, 2020 []. The first Covid-19 case in Saudi Arabia was detected on 

March 2nd in Qatif city in the Eastern area ; the patient had previously visited an 

endemic region of Iran. 

The goal of this work is to apply a Poison Autoregressive and Holt-Winters approach 

to predict and forecast Covid-19 daily confirmed cases. The Poison Autoregressive has 

been considered by many studies. These studies dealing with modeling and forecasting 

Covid-19 around the world such as: [1], [2], [3]. The Holt-Winter technique [4] is a 

univariate time series forecasting approach. It's a time-series data smoothing process in 

which the weights and values of previous data are exponentially diminishing. 

Exponential smoothing comes in three types. The first type for univariate data is single 

exponential smoothing time series forecasting. When the data from a time series has no 

systematic pattern. No seasonality or trends were seen in the data [5]. This type of 

exponential smoothing just employs a single smoothing factor ranging from 0 to 1. 

Charles Holt and Peter Winters developed the Holt-Winters forecasting technique. 

Smoothing time series data before using it to forecast other characteristics of the data 

[6] and [7]. This method is straightforward and does not necessitate a large amount of 

data storage. It uses the maximum likelihood function for parameter estimation and is 

based on short forecasting [4,6,8, 9, 10]. There are two Holt-Winter models based on 

the seasonal component: additive and multiplicative models [6]. The additive models 

are used to create a model with a linear and exponential trend. It is ideal for data with 

no trend or seasonality that does not grow with time [4]. 

 

2. METHODS 

Recent studies found that time series forecasting frameworks that focus on the past 

behavior of a random phenomenon are the best at capturing the underlying trends and 

patterns. So, it is then used to forecast the underlying random variable's future behavior. 

Over the last few years, a lot of effort has gone into developing various time series 

forecasting algorithms for predicting pandemics. Poison Autoregressive model for 

count time series and the Holt winter method are utilized to modelling and predicting 

the daily confirmed cases of Coronavirus in Saudi Arabia 
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2.1. The Poisson Autoregressive method 

The Poisson autoregressive framework for count time series was used to model the 

confirmed cases of Coronavirus in Saudi Arabia, which is a count variable [11], [12], 

[13], [14], [19].  The statistical distribution of confirmed Coronavirus cases in Saudi 

Arabia at time 𝑡 (day), conditional on data up to 𝑡 − 1, is characterized by a Poisson 

distribution with autoregressive intensity and follows a Poisson distribution with 

autoregressive intensity. and is defined by: 

 

𝑋|ℱ𝑡−1~𝑃𝑜𝑖𝑠𝑠𝑛( γ𝑡), 

                         log( γ𝑡) = 𝛿 + ∂ log(1 + Xt−1) +  𝛽 log ( γ𝑡−1),                   (1) 

 

where 𝛿, 𝜕, 𝛽  ∈ R and 𝑋  ∈ N. Here, we used log(1 + Xt−1), instead of log(γt−1), 

permits to allow with zero values. In fact,  𝛿  is the short-term dependence on the 

previous period and it is the intercept in Eq. (1), and 𝛽 is the long-term component 

dependence on all previous values of the observed process. Notice that 𝜕  and 𝛽 

depended on the expected number of confirmed cases γ𝑡 based on previous confirmed 

cases.  In the greater ranking of the persistence of shocks in the counting process, the 

total (𝜕 + 𝛽) is close to 1. The sign of the autocorrelation of the confirmed cases are 

verified by the value of (𝜕 + 𝛽). The confirmed cases show a positive autocorrelation 

at lag 1 when the sum (𝜕 + 𝛽) is positive. The decrease in autocorrelation after the first 

lag is slower if the sum of (𝜕 + 𝛽) is closer to 1. If the sum ( ∂ +  𝛽)  close to 1, the 

autocorrelation slower decrease after the first lag. The sum ( ∂ +  𝛽) effects on the 

unconditional mean of the process.  

 

2.2. Holt Winter Method:  

Holt Winter is a triple exponential smoothing method which is a univariate time series 

extension of exponential smoothing. It is used when the series exhibit seasonal pattern, 

i.e., the method allow seasonality [15]. This method is straightforward and does not 

require a lot of data storage [18]. The Holt's method is appropriate for short-term 

prediction and estimates parameters using the maximum likelihood estimator, see 

[15,16, 17]. Based on the seasonal component, there exist two types of Holt-Winter, 

namely additive and multiplicative models [17]. For Holt's Winter, there are separate 

equations combined to generate the ultimate future prediction. Holt's winter method 

was concentrated on the following equations:  

𝑆𝑡 = 𝛼𝑥𝑡 + (1 − 𝛼)(𝑆𝑡−1 + 𝑏𝑡−1)        ,     0 < 𝛼 < 1,   

𝑏𝑡 = 𝛾(𝑆𝑡 − 𝑆𝑡−1) + (1 − 𝛾)𝑏𝑡−1       ,    0 < 𝛾 < 1,   
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𝐹𝑡+𝑚 = 𝑏𝑡 + 𝑏𝑡𝑚, 

where 𝑆𝑡 represents the smoothed value, 𝑏𝑡 represents the trend smoothed value, and m 

represents the forecast period ahead. 

 

3. RESULTS 

This section presents the empirical results by applying Poison Autoregressive model 

and Holt's Holt Winter method to analyze Covid-19 confirmed cases in Saudi Arabia 

from March 3, 2020, to June 10, 2021.  

3.1. Data Availability:  

For this investigation, Covid-19 daily confirmed cases in Saudi Arabia from March 3, 

2020, to June 10, 2021, were used. The data was obtained from the Saudi Arabian 

Ministry of Health. As seen in Figure 1, the daily confirmed cases are increasing each 

day. On the other hand, declines between October 2020 and April 2021. Because of the 

Saudi Administrator's large-scale social restriction agenda, this is possible. 

 

 

Figure 1. Sequence chart of new series of Covid-19 confirmed cases during the 

period 3/3/2020 – 6/10/2021 

 

The data's suitability is next assessed by examining the stationarity of the daily 

confirmed cases. Based on the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) 
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Stationarity test findings from Table 1, we concluded that daily confirmed cases are 

stationary at the level in lag 6 with KPSS Level = 1.658 (p-value = 0.01). Because the 

stationary assumption is satisfied, we may construct a prediction model utilizing daily 

confirmed cases based on these findings. 

Table 1. The parameter estimates of Poisson autoregressive model of Covid-19 

confirmed cases data. 

 
Variable 

KPSS Test 

Level prob 

Covid-19 Confirmed Cases 0.39748 0.01 

 

Following the stationarity test, we divided the data into two sections: training data (459 

days) and testing data (153 days). By comparing the training data to multiple parameter 

combinations based on the validation data, the optimum parameter can be determined. 

The best parameter combination is then discovered, and the entire training data is 

retrained with it. Following that, the effectiveness of each strategy is assessed and 

compared to one another. Various evaluation criteria were utilized in the study, 

namely Mean Absolute Error (MAE), Root Means Square Error (RMSE), and Mean 

Absolute Percentage Error (MAPE) are used to evaluate the correctness of the two 

models. The flowing formula gives the MAE, RMSE, and MAPE formulas for a given 

number of observations [19]: 

 

MAE =  
∑ |Yi − Yî|

n
i=1

n
, 

RMSE =  √
∑ (Yi − Yî)

2𝑇
𝑖=1

𝑇
, 

MAPE =
1

𝑇
 
∑ |Yi−Yî|n

i=1

Yi
× 100. 

3.2. Applying Poisson Autoregressive model 

Table 1 illustrates the 95 % credible intervals for the computed Poisson autoregressive 

coefficients for Eq. (1). All coefficients confirm the presence of both a short-term 

reliance and a long-term trend, and their credible intervals exclude zero.  
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Table 2. Parameter estimates of Poisson autoregressive Model for confirmed cases. 

Parameter Estimate t- Statistic Std. Error p-value CI (lower) 
CI 

(upper) 

𝛿 1.691 12.524 0.5372 0.031 0.6384 2.7441 

∂ 0.070 24.379 0.0120 0.019 0.0465 0.0937 

𝛽 0.915 25.088 0.0118 0.014 0.8921 0.9386 

 

Figure 2 shows the residuals chart, residuals autocorrelations and residuals of Poisson 

autoregressive model of Covid-19 confirm cases. these figures confirm that residuals 

of the model are random.  

 

 

Figure 2.  Residuals of Poisson autoregressive model 

 

3.3. Applying Holt Winter method 

The Holt Winter technique was applied to daily confirm cases from March 3, 2020, to 

June 10, 2021, and the estimated parameters are displayed in Table 3. 

Table 3. Paramereters estimated of Holt Winter model. 

Model  Initial states Smoothing parameters 

l b alpha beta 

Holt-Winter  -1.556 0.0736 0.9005 1e-04 
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Figure 3 shows the residuals diagram, residuals autocorrelations and residuals Holt 

Winter, Figures confirm that residuals of the model are random.  
 

 

Figure 3. Residuals of Holt Exponential Smoothing Model 
 

4. DISCUSSION 

The first model, a Poison Autoregressive as a function of both a short-term and long-

term dependence, provides the best fit to the data for this study. The use of a Poisson 

autoregressive model that includes short- and long-term memory effects can greatly 

improve the estimation of confirmed cases and can indicate whether the disease is 

trending upward or downward, which can help public decision-makers better plan 

health policy interventions and take the appropriate actions to contain the virus to the 

extent possible. To evaluate the predictions, we looked to visual difference between 

Poisson Autoregression with a Holt's method. The assessment the above measurements 

are expected to be as minimum as possible. Minimum values suggests that the 

prediction is accurate. 

Table 4. The evaluation of the analytical accuracy of our two models. 

Method MAE RMSE MAPE 

 Poisson Autoregressive method 17666.4 132.15 69.1 

Holt Winter method 17516.37 132.3494 69.795 
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5. CONCLUSIONS 

This study applied two methods, namely Poisson Autoregressive model and Holt's 

winter model. The results of this work revealed that a Poison Autoregressive model 

produces more accurate predictions. Besides, it forestalls future Coronavirus pandemic 

occurrences. Poison Autoregressive prediction finding can be employed as a baseline 

for additional interference. As a result, it is necessary to extend the application of 

Poisson Autoregressive to other scenarios in Saudi Arabia and develop methods to 

solve estimate problems such as underestimating and merging in long-term forecasting. 

Table 4, showed that the evaluation of the analytical accuracy of our two models. The 

results showed that a Poisson Autoregressive model outperforms a Holt's winter model.  
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