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ABSTRAK

Saat ini kasus Covid-19 sedang menurun, namun masih dapat menjadi ancaman bagi masyarakat
Indonesia, tak terkecuali bagi masyarakat di Provinsi Jawa Tengah dengan penduduk yang cukup padat dan
mobilitas cukup tinggi. Di masa mendatang, tidak menutup kemungkinan kasus Covid-19 akan terjadi kenaikan
kembali, sehingga diperlukan peramalan (forecasting) untuk memprediksi kasus Covid-19 sebagai bahan
pertimbangan untuk mengambil suatu kebijakan yang lebih baik bagi pemerintah, dinas pendidikan dan dinas
kesehatan Jawa Tengah di tahun 2023. Penelitian ini bertujuan untuk mengetahui perkembangan kasus Covid-
19 di Jawa Tengah dengan melakukan simulasi menggunakan metode peramalan Triple Exponential Smoothing
Winter (TESW). Metode ini digunakan karena data kasus Covid-19 di Jawa Tengah berfluktuasi secara random
dan terdapat pengaruh musiman. Terdapat dua model musiman dalam metode Triple Exponential Smoothing
Winter yaitu model aditif dan model multiplikatif. Berdasarkan hasil penelitian diperoleh metode Triple
Exponential Smoothing Winter model multiplikatif lebih baik dibanding dengan model aditif yang ditunjukkan
dengan nilai MAPE yang lebih kecil yaitu 15,69% untuk meramalkan jumlah kasus Covid-19 di Provinsi Jawa
Tengah dari bulan Mei 2022 hingga bulan Desember 2022. Hasil peramalan menunjukkan kasus Covid-19
berangsur turun setiap bulannya.

Kata Kunci: peramalan, triple exponential smoothing, kasus Covid-19
ABSTRACT

Currently, Covid-19 cases are decreasing, but it can still pose a threat to the people of Indonesia, not
least for the people in Central Java Province, with a reasonably dense population and high mobility. In the
future, Covid-19 cases may increase again, so forecasting is needed to predict Covid-19 cases as consideration
for a better policy for the government, education authorities, and the Health Office of Central Java in 2023.
This research aims to determine the development of Covid-19 cases in Central Java by conducting simulations
using the Triple Exponential Smoothing Winter (TESW) forecasting method. This method was used because
the data of Covid-19 cases in Central Java fluctuated randomly, and there was a seasonal effect. There are
two seasonal models in the Triple Exponential Smoothing Winter method: the additive model and the
multiplicative model. Based on the research results, the Triple Exponential Smoothing Winter multiplicative
model was better than the additive model indicated by a smaller MAPE value of 15.69% for forecasting the
number of Covid-19 cases in Central Java from May 2022 to December 2022. Forecasting result shows that
Covid-19 cases are gradually decreasing every month.

Keywords: forecasting, triple exponential smoothing, Covid-19 cases
Introduction implementing 100% face-to-face meetings in the
schools.

Covid-19 cases can still threaten Indonesia's Forecasting is a calculation analysis

people, not least in Central Java Province, with a
reasonably dense population and high mobility. Even
though the case is declining, Covid-19 cases may
increase again, so forecasting is needed to predict
future Covid-19 cases as consideration for a better
policy for the government and the provincial health
office. The policy is related to whether tourist
attractions in Central Java can be reopened and

technique to predict future events, which is carried
out with qualitative and quantitative approaches
using historical references of data in the past. Sofjan
Assauri argues that forecasting is an activity to
predict future values by referring to data in the past
[1]. In addition, forecasting, according to Heizer and
Render, is the art and science of predicting future
events using historical data and projecting them
using specific mathematical models. Forecasting
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results can be used as a guide in making plans[2].

Some things that must be considered in making

forecasts are as follows:

1. Forecasting errors are very likely to occur in the
forecasting process. Researchers can only
reduce the error rate that may occur.

2. The error level in forecasting is essential to
provide information about the magnitude of the
error value that may occur in the forecast.

3. The fewer the period in the forecast, the less and
relatively constant the factors that influence it.
The longer the period, the more factors that
influence it. So forecasting with short-term
periods is relatively more accurate than
forecasting with long-term periods.

Forecasting models of Covid-19 cases have been

carried out by several researchers, including

forecasting the spread of Covid-19 cases in Central

Java using the Arima Model [3], then Forecasting the

Number of Daily Covid-19 Cases in West Java using

the Vector Autoregressive (VAR) Model. In

addition, Forecasting Covid-19 cases in DKI Jakarta
with the ARIMA Model [3]. The research on the
application of the triple exponential smoothing
method that has been done includes forecasting the
number of tourists in Banyuwangi Regency and
forecasting the number of tourists at the Ijen Crater

Tourism Park [4] and forecasting the monthly

inflation rate of Aceh Province in 2019-2020[5].

This research aims to determine the
development of Covid-19 cases in Central Java by
conducting simulations using the Triple Exponential

Smoothing (TES) Winter forecasting method. This

method was used in this research because historical

data on Covid-19 cases in Central Java showed a

pattern of random fluctuations and a seasonal effect.

Forecasting using the Triple Exponential Smoothing

method also prioritizes the lowest forecasting error

rate with a standard statistical measure, namely MSE

(Mean Square Error) and relative statistical measures

such as MAPE (Mean Absolute Percentage Error).

This research is expected to help local governments,

education offices, and health offices of Central Java

in determining policy in 2023.

Research methods

The method used in this research is a
quantitative method with a Covid-19 case study
approach. The data used is secondary data on the
number of daily positive cases of Covid-19 in
Central Java from April 2020 to April 2022 sourced
from. This research applies the Triple Exponential
Smoothing (TES) forecasting method based on past
historical data to predict some data that may occur in
the future. This research is limited to only assessing
the number of new daily positive Covid-19 cases in
Central Java without paying attention to the factors
that affect the increase or decrease in Covid-19 cases.

The flowchart description of the research process is
as follows:

start

Determination of smoothing
constant @, y, 8

v

Calculation with triple
exponential smoothing

|
v v

Additive model Multiplicative model

| |
v

Smallest MSE and
MAPE calculations

v

/ Forecasting results /

v

Finished

Figure 1. Flowchart For Forecasting The Triple
Exponential Smoothing Method

The initial step of the research is to study
supporting literature consisting of several journals,
books, and articles. Furthermore, daily data on
COVID-19 cases in Central Java was taken from
April 2020 to April 2022. Then the data were
identified and averaged monthly. After that, the
Triple Exponential Smoothing (TES) Winter method
of multiplicative and additive models was applied
with the help of R software and the Zaitun Time
Series [6]-[10]. The program's output is a forecasting
model along with graphs of actual data and
forecasting data along with values such as Mean
Square Error (MSE) and Mean Absolute Percentage
Error (MAPE) to evaluate forecasting methods. The
final step is the conclusion that results from
predicting the number of Covid-19 cases from May
2022 to December 2022 in Central Java.[11]-[13]

Exponential Smoothing (ES) Method
The exponential smoothing method is a
moving average forecasting method that
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exponentially decreases the weighting of the

observation value of the previous period [14].

Generally, the problem faced in this method is how

to choose the right value of the smoothing constant

to minimize the error rate in forecasting. Since 0 < a

< 1 applies, the following guidelines are used :

1. If the historical pattern of the actual data
fluctuates unstable from time to time, then the
smoothing constant value a is chosen close to
one.

2. If the historical pattern of the actual data is
relatively stable, then the value close to zero is
chosen. The value chosen in the forecast is the
one that produces the lowest error rate.

Triple Exponential Smoothing Method

The Triple Exponential Smoothing method is
used if the data pattern shows significant fluctuations
or changes. The Triple Exponential Smoothing
(TES) method used in this research is Triple
Exponential Smoothing Winter (TESW), using three
smoothing equations, namely the overall smoothing
equation, the trend component smoothing equation,
and the seasonal component smoothing equation.
Based on the seasonal model, the Triple Exponential
Smoothing Winter (TESW) method has two models:
the multiplicative seasonal model and the seasonal
additive model. If data shows an increasing seasonal
fluctuation, the multiplicative seasonal model TESW
method is used. If data shows a long-term increase
and relatively constant seasonal fluctuations with an
increasing observation period, then the additive
seasonal model TESW method is used [15]. The
TESW method uses three different parameters for
smoothing values, namely the base smoothing
parameter, trend smoothing parameter, and seasonal
smoothing parameter. The equation for the TESW
method in this research is as follows [12] :
Totality smoothing :
Se=ast+ (1= @)(Sees + bioa) )

t
Then look for trend smoothing b, and seasonal

smoothing I, With equation :

by =y(Se — Se-1) + (1 —¥)be—q 2
=B+ (=Bl 3)

As for the forecasting value F;.,, Determined by the
equation:

B : smoothing constant for seasonal
parameters 0 < <1

I; : seasonal estimate

m : forecasted period

L : seasonal length

Mean Square Error (MSE)

The statistical measure Mean Square Error is
used to measure the accuracy of forecasting data.
Errors in each period are squared, then averaged by
dividing the  number  of  observations.
Mathematically, calculating the size of the MSE
statistic is defined as follows:

2
MSE = %1l 5)
where :
e; : error in period-t
N : number of periods

Mean Absolute Percentage Error (MAPE)

One way to measure the accuracy of the
estimated model value expressed as an average
absolute percentage error is to calculate the Mean
Absolute Percentage Error (MAPE). MAPE is
widely used to determine the magnitude of
deviations from forecasting results. If the MAPE
value is getting smaller, then the forecasting results
are said to be more accurate [13]. The formula for
calculating MAPE is as follows:

MAPE = (% n |%ty)“) ) x 100 % (6)
where :

Ve : observation value at time t

Ve : forecast value at time t

n : number of observations

Results and Discussion

This research uses data on the number of daily
Covid-19 cases in Central Java for 1 April 2020 - 1
April 2022, and then the monthly average is taken.
The graph of the pattern of data on Covid-19 cases in
Central Java is as follows:

kasusCovid
[Tt |
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£

B 2001

1000

Feom = (Se + bem)ly_pym 4)
where :
X, : actual data period t

St : the new smoothing value

Fiym : forecast value period m

a : the smoothing constant value (0 < o <1)

y : smoothing constant for trend parameter 0
<y<l

by > trend estimation

o ~
Apri 2020 Hovambsr 2020 Juns 2021
Time

Figure 2. Graph Of The Data Plot Of The Covid-19 Case
In Central Java

January 2022

From figure 2, it can be seen that data from
the monthly average number of new cases of Covid-
19 in Central Java contains an element of trend due
to an increase in graphic data patterns over a certain
period, and there is a seasonal effect with a sharp
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increase in July-August 2021[16]-[18]. Figure 2
shows the historical pattern of the actual unstable
data, which is indicated by an increase from April
2020 to January 2021, then a decrease in cases from
February to April 2021, there will be a significant
increase from May 2021 to August 2021; this is a
consideration in determining the value of a. The data
obtained is then used in the forecasting process.
Furthermore, forecasting is carried out according to
the data pattern identified in the trend analysis
process. The Zaitun Time Series and R software
assist the forecasting data analysis process. [19], [20]

Data analysis was performed using the Triple
Exponential Smoothing Winter (TESW) method to
obtain the best forecasting model. The best
forecasting model is the one that can minimize the
forecast error value that can be seen based on the
MSE (Mean Square Error) and MAPE (Mean
Absolute Percentage Error) values. The forecasting
process includes calculating smoothing constants («,
B, dan y) by trial and error with a value range of 0 to
1 [14], which minimizes forecasting errors in
calculating the smoothing value [21], [22].
Forecasting the number of Covid-19 cases in Central
Java using 2 models in the TESW method, namely
the multiplicative model and the additive model, as
follows.[23]-[25]

Multiplicative Model Smoothing Constant

Determination of smoothing constants «,
y,and B and using 100x trial on Zaitun Time Series
software and selected three with the smallest MSE
and MAPE values shown in the following table:

Table 1. Smoothing Constants For The Multiplicative
Model TES Method

Smoothing constant

MSE MAPE
a vy B
09 01 0,2 874781,64 15,81%
09 01 0,3 873768,76 15,89%
09 01 0,1 873214,35 15,69%

Table 1 shows 3 out of 100 possible constant
values «, y,and B, which minimizes MSE and
MAPE. Based on table 1, the smallest MSE and
MAPE values are obtained at the value of @ = 0,9 ,
y=01 and =01 with value of MSE =
873214,35 and MAPE = 15,69%.

Additive Model Smoothing Constant

Determination of smoothing constant «,
y,and B using 100x trial on Zaitun Time Series
software and selected three with the smallest MSE
and MAPE values shown in the following table:

Table 2. Smoothing Constants Of Additive Model TES

Method
Smoothing constant MSE MAPE
a )4 B
0,9 0,1 0,2 892192,73 25,17%
0,9 0,1 0,3 887480,98 24,43%
0,9 0,1 0,1 888625,41 25,96%

Table 2 shows 3 of 100 possible smoothing
constant values «, y, dan 8. Based on the table, the
smallest MSE and MAPE values are obtained at the
value of « = 0,9 , y =0,1 dan § = 0,3 with the
value of MSE = 887480,98 and MAPE = 24,43%.

Best Forecasting Model

To determine whether the forecasting model
has been efficient, it is possible to use a statistical
measure of the error rate of the forecasting results.
The forecasting error rate can be calculated through
the size of the forecasting error using MSE and
MAPE. MAPE score criteria are given in the
following table [26]:

Table 3. Criteria of MAPE

MAPE
Value
(%)

<10 Very good forecasting ability

Criteria

10-20 Good forecasting ability
21-50 Sufficient forecasting ability
>50 Poor forecasting ability

After calculating the smoothing constant with
multiplicative and additive models, compare the
smallest MSE and MAPE values.

Table 4. Comparison Of Smoothing Constant Values

Smoothing ~ Multiplicative Additive
constant Model Model
a 0,9 0,9
y 0,1 0,1

B 0,1 0,1
MSE 874781,6399  888625,41
MAPE 15,69% 25,96%

Table 4 shows the comparison of the values
of @, y,and g TESW multiplicative model and
additive model. Based on the results of MSE and
MAPE in table 4, it is found that the multiplicative
model TESW method denotes MSE and MAPE
values that are smaller than the MSE and MAPE
values in the additive model TESW method. So this
research uses the TESW method with a
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multiplicative model. In addition, the range of
MAPE values is from 10% - 20%, which means the
forecasting criteria have good forecasting ability.
The smoothing constant values are used to find S;, b,
and I, so that the equation:

S, = 09X, + (1—0,9)(S;_1 + br_1) )

by = 0,1(S; — S¢—1) + (1-0,1)b;_4 (8)

I =012+ (1= 0,1,y 9)
t

So that it is obtained:
Feom = (09X, + (1=09(S¢-1 + be—q) +
01(Se = St-1) + (1 = 0,1)br— )My 4y (10)

The following plots the results of the actual data
calculations and the prediction results of the Triple
Exponential Smoothing Winter multiplicative model
method:

Actual and Predicted Graph

'
February 2021 July 2021
Time

Figure 3. Graph Of Actual Data And Predicted Data

e 2020 September 2020

Forecasting results using the Triple
Exponential Smoothing Winter multiplicative model
show the number of Covid-19 cases is decreasing,
and the cases are negative starting in September,
which means there are no new Covid-19 cases. The
forecasting results can be used as consideration for
the government, health, and education offices of
Central Java in determining policies in 2023.
Forecasting results are tabulated in the following
table:

Table 5. Multiplicative Model Forecasting Results

Actual and Forecasted Graph
At Foracatied

. _
- !
Time

Month-Year Forecasting Results
May 2022 208

June 2022 120

July 2022 96

August 2022 32
September 2022 -16
October 2022 -57
November 2022 -128
December 2022 -145

The following is a graph of the actual data plot and
the results of the multiplicative model TESW
forecasting method:

Figure 4. Graph Of Actual Data And Forecasting Results

The plot graph depicts the data indicated by the blue
line and the forecasting results indicated by the red
line. The plot graph in figure 4 shows that the
forecasting results are decreasing every month. This
illustrates that Covid-19 cases are decreasing every
month in 2022[27]-[31].

Conclusion
Based on the results of the research, it can be

concluded that the Triple Exponential Smoothing
Winter (TESW) multiplicative model is better than
the additive model for predicting the number of
Covid-19 cases in Central Java. From the modeling
results, the following multiplicative model equations
are obtained:

Frym = (09X + (1 = 09)(Se-1 +bey) +

(0,1(S¢ = Se-1) + (A1 = O, 1) )M 11

This model reveals that the results of forecasting the
number of Covid-19 cases in Central Java were
obtained from May to December 2022. During this
period, Covid-19 cases were decreasing.
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