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Abstract 

Coronavirus disease (COVID-19) is an infectious disease caused by the SARS-CoV-2 virus. COVID-

19 disease was initially discovered in Wuhan, China and now spread throughout the countries. Most 

people infected with the virus will develop mild to moderate respiratory problems and recover without 

the need for special treatment. However, some people will become severely ill and require medical 

treatment and can cause death. COVID-19 mortality rates nationwide are increasing day by day and 

growing concerns. On 13 December 2021, 5,325,079 deaths worldwide were recorded. Thus, this study 

is regarding the mortality rate of COVID-19 using univariate forecasting techniques.  The data was 

retrieved from GitHub Our World in Data.  Holt's method was selected as the best univariate model in 

order to forecast the mortality rate. Holt's method shows the lowest error measures. The predicted value 

of the mortality rate for COVID-19 is decreasing between 1 November 2021 to 31 January 2022. The 

decreasing predicted value might be due to the vaccinated programs done worldwide. A further study 

should be done to measured the factors related to the improved spread of COVID-19. 
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Introduction 

This study is regarding the mortality rate of COVID-19 worldwide. What is COVID-19? COVID-19 is 

a new virus that is called Coronavirus disease 2019. COVID-19 also known as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2).  It was officially named by the International Committee on 

Taxonomy of Viruses based on phylogenetic analysis (Liu et al., 2020). According to Liu et al. (2020), 

COVID-19 is the fifth pandemic after the 1918 flu pandemic that could affect all people around the 

world. COVID-19 or formerly called as 2019-nCoV was first reported and subsequent outbreak of 

respiratory illness caused in Wuhan City, Hubei Province, China since late December 2019. On 1 

December 2019, it was the earliest date of symptom onset (Liu et al., 2020). According to Liang et al. 

(2020) in Scientific Reports, more than 8.7 million people have been infected and more than 460 

thousand have died worldwide, as of 20 June 2020. 

 

Figure 1 shows the total deaths for all country until 25 October 2021 that was retrieved from World 

Health Organization (2020) Coronavirus (COVID-19) Dashboard. On 25 October 2021, the total deaths 

worldwide reported is 35,945 deaths compared to 18 October 2021 which is 49,558 deaths. While, the 

highest deaths reported on COVID-19 is on 18 January 2021 which is 102,780 deaths since the 

pandemic outbreak. 
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Figure 1.  Worldwide COVID-19 Total Deaths as of 25 October 2021 

 

Based on the previous COVID-19 deaths reported for all country, forecasting has become an essential 

for effective governmental decision making especially to decrease the number of mortality due to this 

pandemic since forecasting can identify the behaviour patterns and trends to predict the future scenarios.  

 

Therefore, forecasting models become very useful in order to predict the future of COVID-19 daily 

deaths specially to support health systems with new strategic decision making, planning, and health 

policy formulation that help in the fight against COVID-19. Data from GitHub Our World in Data was 

used to forecast the COVID-19 mortality rate for daily three months ahead.  

 

Literature Review 

There are various publications on the use of forecasting models to predict the future of COVID-19 

pandemics. The exponential smoothing technique is widely used for forecasting and it is one of the 

popular forecasting methods for short term periods.   According to Khan et al. (2021), Bayesian 

Dynamic Linear Model (BDLM) was used to forecast the daily new infections, deaths and recovery 

cases regarding COVID-19. They found the maximum number of new infections is 4,031 per day with 

95% prediction interval (3,319-4,743). Death forecast shows that the maximum number of deaths with 

95% prediction intervals are 81 and (67-93), respectively.  

 

Meanwhile, Al-Turaiki et al. (2021) used time-series forecasting on confirmed and recovered COVID-

19 cases and deaths for Saudi Arabia at the country level and confirmed cases for Riyadh at the city 

level. Based on this research, the researchers found in the last period which is from 9 March 2021 until 

5 April 2021, the Exponential Smoothing (ES), Holt's, Holt-Winters and Autoregressive Integrated 

Moving Average (ARIMA) models achieved better performance than other models.  They included that 

Holt's, Holt-Winters and ARIMA achieved good performance compared to other forecasting models.  

Furthermore, the researcher said that the Single Exponential Smoothing (SES) model yields the worst 

accuracy for predicting deaths in Saudi Arabia. It is because a good model to use on any time series 

data will depend on the factors such as simplicity, accuracy and stability (De Gooijer & Hyndman, 

2006). The accuracy of these forecasts is important since the more accurate the forecast, the more 

confidence users have in the forecast and the forecasting process (Klimberg et al. 2005).  

 

Additionally, a research by Harini (2020) used Double Exponential Smoothing (DES) method to 

forecast the COVID-19 cases in Indonesia where the researcher explained that DES is one of the 

methods that can be used to optimize the estimation of the ARIMA model with smoothing parameters 

α. Data for this research were taken from the tabulation of the Indonesia National Disaster Management 

Agency BNPB) from 2 March until 7 April 2020. The finding shows that the pattern of COVID-19 data 

distribution behavior in Indonesia shows an exponential distribution pattern where the addition of 

positive cases of COVID-19 increases significantly from every day and it's also followed by a pattern 

of distribution of the number of people who recovered and died. The researcher analyzed and confirmed 

that the DES is the best to predict the future COVID-19 cases in Indonesia.  

 

Therefore, in this research, the researchers decided to use a univariate modelling techniques that involve 

Naïve model, and ES such as SES, DES and Holt’s method to forecast the worldwide mortality rate of 

COVID-19. 
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Methods 

Study Area  

The data was retrieved from GitHub Our World in Data. The data was chosen from 1 July 2021 until 31 

October 2021. It was used to forecast the mortality rate of COVID-19 worldwide for daily three months 

ahead starting 1 November 2021 until 31 January 2022. Four methods of Univariate Techniques are 

used to examine the mortality rate of COVID-19 worldwide.  The models used are Naïve model, Single 

Exponential Smoothing, Double Exponential Smoothing and Holt’s method. 

 

Naïve Model 

Naive forecasting models are based exclusively on historical observation of sales or other variables. 

Naive model strongly believes that what happens today will happen again tomorrow or any other time 

in the future. It performs well in series which exhibits a slow change in the fluctuations. Sudden change 

in the current data would severely affect the accuracy of the forecast values. In this study, the forecast 

number of new deaths of COVID-19 from 24 January 2020 until 31 October 2021 were used. Let the 

number of new deaths, Yi and the corresponding values at time t=l,2,3,4,5,..., t to be 

1 2 3 4, , , ,......., tY Y Y Y Y                

 

Hence, mathematically the model can be represented as 

 

t m tF y+ =  (1) 

                                                                 

Single Exponential Smoothing 

Single exponential Smoothing (SES) is the simplest method in the exponential smoothing technique.  

SES is also called Simple Exponential Smoothing.  This method is suitable for short-term forecasting 

where commonly used for a one month period (Nazim & Afthanorhan, 2014). The method assumes the 

data rise and fall around the statistical mean value and has no clear trend or seasonal growing pattern in 

the historical data. The equation for Simple Exponential Smoothing method is 

 

1 (1 )t t tF Y F + = + −  (2) 

 

 where 

1tF +
 = the Single Exponentially Smoothed value in time oft+1 

 = constant value between O and 1, alpha 

tY = the actual value of period t 

tF = the forecast value of period t 

 

Double Exponential Smoothing 

This method is used when the data shows a linear trend characteristic.  Double Exponential Smoothing 

uses two parameters, to update the components at each period which is level and trend (Nazim & 

Afthanorhan, 2014).  The level is a smoothed estimate value at the end of each period (Sidqi & Sumitra, 

2019) . There are four main formulas use in Double Exponential Smoothing method. The first two 

formula are 

 

1(1 )t t tS Y S  −= + −  (3) 

' '

1(1 )t t tS S S  −= + −  (4) 

                                                                                 

 where 

=the exponentially smoothed value of  at time t tS Y t  
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' =the double exponentially smoothed value of  at time t tS Y t  

 

The next formula is the parameter formula that use to calculate the final forecast value. 

 
'2t t ta S S= −  (5) 

( )'
1

t t tb S S




 
= − 

− 

 (6) 

T m T TF a b xm+ = +  (7) 

 

where 

the forecast value at time t form=1,2,3,...T mF + =
                                                                    

 

Holt’s Method 

There are three separated equations in Holt's model that work together to generate a final forecast. The 

first equation is a basic smoothing equation that directly adjusts the last smoothed value for last period's 

trend where it can be calculated as follows: 

 

1 1(1 )( )t t t tS Y S T 
− −

= + − +  (8) 

In this method, the trend itself is updated over time through the second equation and can be calculated 

as follows: 

 

1 1( ) (1 )t t t tT S S T 
− −

= − + −    (9) 

 

Where the trend is expressed as the difference between the last two smoothed values. Lastly, the third 

equation is used to produce the final forecast as follows: 

 

t m t tF S T xm
+

= +  (10) 

 

Measurement Errors 

There are several types of forecasting performance measures that are used to evaluate the amount of the 

error. One of the popular forecasting performance measures of the size of the error is the mean square 

error (MSE). The value of MSE can be calculated by using the formula of the sum of the squares of the 

forecast errors as follows: 

 

2

MSE

n

t

t

e

n
=


 

             (11) 

which ˆ
t t te Y Y= −  

(12) 

 

Where the value of MSE can measure the amount of dispersion of the errors. For MSE, the model 

becomes the better and more accurate forecasting model if the other than that, the mean absolute 

percentage error (MAPE) is one of the forecasting performances measures that is widely used to 

evaluate the forecasting model which does attempt to consider the effect of the magnitude of the actual 

values. The value of MAPE can be calculated as the average of the absolute values of percentage errors 

 

 as follows: 
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+

= +

 
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 

=


1

*100

MAPE

n
t m

m t m

e
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(13) 

which ˆ
t t te Y Y= −  

(14) 

 

The same goes for MSE, if the model has the lowest value of MAPE, then the forecasting model 

becomes more accurate. 

 

Result and Discussion 

The results of analysis are shown in this part regarding the time series model and the  forecast  values.  

Figure 2 shows the trend of COVID-19 worldwide daily mortality rate reported from 1 July 2021 to 31 

October 2021. From this figure, it shows that there is fluctuated trend in the COVID-19 mortality rate 

worldwide since this pandemic occurred. Based on the linear trend line it indicates that the mortality 

rate is decreasing from 0.00012% in 1 July 2021 to 6.673x10-5% in 31 October 2021. The highest 

mortality rate is on 1 September 2021 with a value of 0.000167% while the lowest value is in 3 October 

2021 with 6.071xl0-5%. 

 

 

Figure 2.  The Worldwide Daily Mortality Rate 

 

Forecasting Analysis 

The analysis model using the four univariate techniques are discussed in this part. The discussion is 

followed: 

 

The fitted and actual values of Naive Model starting from 1 July 2021 until 31 October 2021 

using Naive Model is illustrated in Figure 3. The MSE estimation is 4.4011x10-10 and MSE 

evaluation is 4.9751x10-10. The value of MAPE estimation and evaluation part for Naive Model 

is 13.5373 and 21.0455 respectively. 
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• Naïve Model 

 

Figure 3.  The Actual and Fitted Values of Mortality Rate using Naïve Model 

 

Figure 4 shows the fitted and actual value of COVID-19 mortality rate using Single Exponential 

Smoothing. The two types of the lines show a similar pattern on graft. The MSE estimation is 

4.6159x10-10, and MSE evaluation is 5.6701x10-10. Meanwhile, the value of MAPE estimation is 

14.4619 and MAPE evaluation is 23.2613. 

 

• Single Exponential Smoothing 

 

Figure 4.  The Actual and Fitted Values of Mortality Rate using Single Exponential Smoothing 

 

The fitted and actual value of COVID-19 mortality rates using Double Exponential Smoothing is shows 

in Figure 5. The MSE estimation 6.5529x10-10 and MSE evaluation is 7.0288x10-10, where the value of 

MSE evaluation for double has the highest value from other method for MSE evaluation. While, the 

value of MAPE estimation and evaluation is 16.6381 and 22.7956. 
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• Double Exponential Smoothing 

 

Figure 5.  The Actual and Fitted Values of Mortality Rate using Double Exponential Smoothing 

 

The fitted and actual values of COVID-19 Mortality Rate using Holt's method in Figure 6 shows the 

similarity of the trend from the previous method. The MSE estimation is 4.7922x10-10 and MSE 

evaluation is 5.4091x10-10 , while the value of MAPE estimation is 14.1853 and MAPE evaluation is 

21.4672. 

 

• Holt’s Method 

 

Figure 6.  The Actual and Fitted Values of Mortality Rate using Holt’s Method 

 

Error Measures 

Table 1 shows the analysis for four different methods of forecasting. This table gives the summarization 

of error measures for four different methods where Naive Model represent as the benchmark model. 

The result shows MSE estimation for Naive Model is slightly lower than using Holt's method, Single 

Exponential Smoothing and Double Exponential Smoothing and also vice versa for MSE evaluation.   

The result also shows that Holt's method is the best model for forecasting purposes since Holt's method 

has the smallest value of MSE and MAPE evaluation compared to Single and Double Exponential 

Smoothing which are 5.4091 x 10-10 and 21.4672 respectively.  Hence, this method is used to forecast 

the daily three months ahead which is from 1 November 2021 until 31 January 2022. 
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Table 1.  Error Measures for Different Methods 

Method/ Error Measures MSE MAPE 

 Estimation Evaluation Estimation Evaluation 

Naive Model 4.4011 x 10-10 4.9751 x 10-10 13.5373 21.0455 

Single Exponential 

Smoothing 

4.6159 x 10-10 5.6701 x 10-10 14.4619 23.2613 

Double Exponential 

Smoothing 

6.5529 x 10-10 7.0288 x 10-10 16.6381 22.7956 

Holt's Method 4.7922 x 10-10 5.4091 x 10-10 14.1853 21.4672 

 

Forecasting Values from 1 November 2021 until 31 January 2022 

Since the Holt's method is the best model to determine the mortality rate, the forecasting values for 

mortality rate have been generated. Figure 7 shows the plot of all the forecasting values. 

 

Figure 7.  Forecasting values for three months ahead using the best model 

 

This plot of estimated forecast values from 1 November 2021 until 31 January 2022 shows a downward 

trend pattern of mortality rate.  The predicted value of the mortality rate for COVID-19 is decreasing 

from 0.00063% to -0.000294%.  The improved predicted values of the mortality rate of COVID-19 

might be because of the vaccinations programs worldwide.  In fact, this is one of the indicators of the 

awareness among people on the importance of COVID-19’s vaccine.   
 

Conclusion 

Based on the forecasting on the COVID-19 mortality rate, the results show that Holt's method is the 

best model to be used for forecasting since Holt's method has the lowest value of MSE and MAPE 

compared to other techniques of forecasting. The findings are supported by Al-Turaiki et al. (2021), 

where the researchers conclude that Holt's, Holt-Winters and ARIMA achieved good performance 

compared to other forecasting models. The forecast values indicate that nearly 0% mortality rate of 

worldwide will die due to the COVID- 19 for daily worldwide population.  This is a good indicator of 

the effectiveness of the vaccination programmes and standard operation procedure of handling COVID-

19 worldwide. The forecasting model in predicting the COVID-19 mortality rate enable to support the 

government especially health systems. With new strategic decision making, planning, and health policy 

formulation, it will help in the fight against COVID-19.  This will enable us to live with our normal life 

again rather than just stay at home. 
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