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forecasting model for the increase in COVID-19 cases due to variations in the holiday calendar
Keywords: and the sun's distance to the earth. This study uses secondary data taken from the East Java

Provincial Health Office in collaboration with the East Java Province COVID-19 Task Force.
This study uses two independent variables: the Calendar Variation in 2020 and 2021 (X1); The
Sun-Earth Distance (X2) and dependent variable () is the Daily Case of COVID-19 in East
Java Province from March 2020 to June 2021. The process of data analysis is carried out by
analyzing time series data and building a forecasting model with a symbolic time series
prognosis approach. The analysis process is carried out using Heuristic Lab 3.3 software.
Based on the results of this study, it can be concluded that variations in the holiday calendar
and the sun-earth distance have a strong influence on daily cases of COVID-19. The symbolic
time series prognosis model obtained has an accuracy rate of up to 90.04% on training data
and 82.14% on testing data.

calendar variation, COVID-19, sun
distance, symbolic time series prognosis

1. INTRODUCTION poverty, socio-economic activities outside the home, and
travel between cities [6]. The COVID-19 pandemic began in
COVID-19 has now become a pandemic with a dangerous Indonesia since the first and second positive confirmed cases
level of spread and severity. Since March 11th, 2020, WHO were identified on March 3rd, 2020. The first transmission
has declared COVID-19 a global pandemic [1]. The rapid case in Indonesia is estimated to occur around the end of
spread of this disease has new confirmed cases outside China, January - early February. It refers to the data on the number of
namely in countries in Europe, North America, Asia, and the patients with COVID-19 symptoms in several health facilities,
Middle East [2-4]. WHO inaugurated four scenarios in the high number of flights to and from Wuhan, and the
assessing the spread of COVID-19 at the national level: unavailability of adequate health checks at the airport, so that
countries without positive confirmed cases, first confirmed it is still possible for people without symptoms or those who
cases, first confirmed clusters, and local transmission are still in the incubation period of the virus [7-9].

countries. Therefore, every country must respond quickly in
an emergency, including preparing health infrastructure and
mobilizing community social interactions. Indonesia is
included in the 4th scenario due to positive confirmed cases in
local transmission in several regions [5]. The spread of the
COVID-19 pandemic is strongly influenced by the interaction
between two main factors, namely the transmission of the
pathogen and the characteristics of the human population in
the proliferation of the pathogen.

The spread of COVID-19, apart from being influenced by
specific pathogenic factors, is also influenced by population
structure and population mobility as social vulnerabilities in
dealing with disease outbreaks, including population density,

Figure 1. Map of the distribution of COVID-19 in East Java

Province on June 14th, 2021
Source: http://infocovid19.jatimprov.go.id/
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From Figure 1, it is shown that the spread of COVID-19
cases in East Java Province is still widespread in almost all
districts/cities. There are positive confirmed cases in each
district/city, with the highest positive confirmed cases found
in Surabaya with 24,469 cases. The government has made
various efforts to reduce the transmission of COVID-19 with
PSBB, and in recent months a policy of eliminating and
tightening homecoming and return flow has been implemented.
However, it seems that this policy was not heeded by some
people, as evidenced by the discovery of homecoming cases in
several areas in East Java. Therefore, it is important to find out
whether the variation in the number of holidays can affect the
number of covid cases that have occurred in East Java.

Research on the effect of community mobility on the
increase in COVID-19 cases has been investigated in Turkey,
Italy, and Indonesia [6]. Modelling with a geographic
information system approach also proves a link between
mobility and increased transmission of COVID-19 [8, 10, 11].
Another modelling approach was using transportation models
[12], dynamic systems [6], big-data-driven [13], and
forecasting with a Spatio-temporal approach [14-16]. Apart
from the possible influence of calendar variations on the
number of COVID cases, other factors can influence COVID
cases such as sun-earth distance. Apart from the mobility
factor, we also need to know the natural factors that can affect
the number of cases. Therefore, this study was conducted to
develop a forecasting model for the increase in COVID-19
cases due to variations in the holiday calendar. The results of
modelling and forecasting the effect of calendar variations on
the increase in COVID-19 are expected to contribute to
stakeholders, both government agencies and the general public,
to better comply with health protocols to control the spread of
COVID-19 in East Java.

2. METHODS
2.1 Research data and sources

This study uses secondary data taken from the East Java
Provincial Health Office in collaboration with the East Java
Province COVID-19 Task Force. The sun-earth distance data
is accessed from available data from the official website of the
United States Geological Survey where the data is Earth-Sun
Distance in Astronomical Units for Days of the Year [17].

2.2 Research variable

This study used two independent variables: the Calendar
Variation in 2020 and 2021 (X1) and the sun-earth distance
(X2). This study's dependent variable (Y) was the Daily Case
of COVID-19 in East Java Province from March 2020 to June
2021.

2.3 Data analysis method

The process of data analysis was carried out by analyzing
time series data and building a forecasting model with a
symbolic time series prognosis approach. The symbolic time
series prognosis method is one of the methods in genetic
programming that has been proven to produce models with
high accuracy to predict the incidence of COVID-19 in India
[18]. The analysis process was carried out using Heuristic Lab
3.3 software.
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3. RESULTS AND DISCUSSION
3.1 The spread of the COVID-19 pandemic in East Java

Cases of the spread of the COVID-19 pandemic in
Indonesia were currently experiencing a decline. In the last
two months, July — August 2021, it reached its peak. The
following is the distribution of daily cases in Indonesia and
East Java Province.
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Figure 2. National (a) and East Java Province Daily Case of
COVID-19 (b)

Based on Figures 1 and 2, judging from the distribution of
daily cases in 2020 until September 16th, 2021, it is shown that
the distribution of national and regional daily cases of East
Java province has a relatively similar pattern. There were two
waves: the first wave between November 22nd, 2020 - March
10th, 2021, and the second between June 6th, 2021 -
September 6th 2021. Both waves are likely to occur due to the
long holiday. The first wave is likely due to the Christmas and
New Year holidays. At the same time, the second wave is
likely to occur due to the Eid al-Fitr holiday. Transmission of
COVID-19 can occur due to uncontrolled community mobility
[4, 19]. Activities outside the home without implementing
health protocols and community mobilization have the
potential for human-to-human transmission [8, 20, 21].

3.2 The 2020 and 2021 holiday calendar

Handling the COVID-19 pandemic is very important to
prevent and transmit, primarily through human transmission.
One of the government's efforts to prevent this is to issue SKB
for 3 Ministers, namely the Minister of Religion, the Minister
of Manpower, and the Minister of Administrative Reform and
Bureaucratic Reform regarding National Holidays. This
arrangement hoped that it would minimize community
mobilization, especially during the holiday period. The
following is data related to national holidays in 2020 and 2021:



Table 1. National holidays in 2020 and 2021 in Indonesia

2020
National i
Holiday Date Description
1 January 1 New Year's Eve 2020
2 January 25 Chinese New Year 2571 Kongzili
3 March 22 Isra’ Mi'raj Prophet Muhammad SAW
Balinese Day of Silence Saka New
4 March 25 Year 1942
5 April 10 The Good Friday
6 May 1 The International Labour Day
7 May 7 Vesak Day 2564
8 May 21 the Ascension Day
9 24 - 25 May Eid Al-Fitr 1441 Hijriyah
10 June 1 Pancasila's Born Day
11 July 31 Eid al-Adha 1441 Hijriyah
12 August 17 Independence Day of _the Republic of
Indonesia
13 August 20 Islamic New Year 1442 Hijriyah
14 October 29 Mawlid al-Nabi Muhammad SAW
15 December 25 Christmas Day
official day-
off
1 22 May Eid Al-Fitr 1441 Hijriyah
2 21 August Islamic New Year 1442 Hijriyah
3 28 and 30 Mawlid al-Nabi Muhammad SAW
October
4 December 24 Christmas Day
5 28-31 replacement official day off of Eid Al-
December Fitr 1441 Hijriyah

2021
National .
Holiday Date Description
1 January 1 New Year's Eve 2021
2 FeblrLZJary Chinese New Year 2571 Kongzili
Isra’ Mi'raj Prophet Muhammad
3 March 11 SAW
Balinese Day of Silenceaka New
4 March 14 Year 1943
5 April 2 The Good Friday
6 May 1 The International Labour Day
7 May 13 the Ascension Day
13-14 - . S
8 May Eid Al-Fitr 1442 Hijriyah
9 May 26 Vesak Day 2565
10 June 1 Pancasila's Born Day
11 July 20 Eid al-Adha 1441 Hijriyah
12 August 11 Islamic New Year 1443 Hijriyah
Independence Day of the
13 August 17 Republic of Indonesia
14 October Mawlid al-Nabi Muhammad
20 SAW
15 Decggnber Christmas Day
official day-
off
1 12 May Eid Al-Fitr 1442 Hijriyah

Based on Table 1, xalendar variations are repeated patterns
with varying lengths due to the influence of different calendar
calendars each year. There are two types of calendar variations,
namely trade variations and holiday variations [22, 23]. In this
study, time modelling with calendar variations that affect
holiday variations is studied, especially for the effects of
holidays due to religious holidays, national holidays, and
collective leave. The existence of a holiday period is feared to
significantly increase the community's mobility [6, 11]. The
government has officially imposed large-scale social
restrictions (PSBB) to suppress community mobility,
especially in big cities such as Jakarta, Bandung, Surabaya, etc.
However, the implementation of PSBB has not proven
effective in preventing the transmission of COVID-19. It
happens because of the people's desire to take a vacation or
return home to their homeland. In addition, the ineffectiveness
of the PSBB is also due to a large number of foreigners,
especially from China, who enter Indonesia. Thus, community
mobility that cannot be controlled has been proven to create
human-to-human transmission of COVID-19 [14].

3.3 Distance from Sun to Earth

In addition to observing calendar variations from 2020-
2021, this study also observes the sun-earth distance in
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astronomical units. The following is the sun-earth distance
during the years 2020-2021:
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Figure 3. The sun-earth distance during the years 2020-2021

Based on the graph of the sun-earth distance during the
years 2020-2021 that shown in Figure 3, it is shown that in
June-July, the sun-earth distance is at its farthest point, which
is 1.0167 astronomical units. At the same time, the closest
distance occurs in December-January, which is 0.9833
astronomical units. The following is a plot of the relationship
between the sun-earth distance and the daily cases of COVID-
19 in East Java Province:
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Figure 4. Relationship between the sun-earth distance and
the daily cases of COVID-19 in East Java

Based on the graph plot of the relationship between the
distance of the sun to the earth and the daily cases of COVID-
19 in East Jawa that shown in Figure 4, it is shown that when
the sun is at its closest position to the earth, there is an increase
in the daily cases of COVID-19, namely between December
2020 - February 2021. Thus, also in the range of June-August
2021, the sun's position is at its farthest point, but the daily
COVID-19 cases are at their highest point. As explained in the
study of Dang et al. [24], the difference in the Sun-Earth
distance between the solstice in December and June has a
significant impact on the annual asymmetry of the ionosphere.
Variations in solar radiation between December and June
directly cause a difference in electron density from December
to June of about 6%, while recombination with a neutral
composition contributes to a difference in electron density of
12%-15% [24]. However, the difference in sun-earth distance
is not the only factor that influences climate. In fact, during the
COVID-19 pandemic, there has been a sharp decrease in UV
index concentrations with a slight increase in tropospheric O3
levels. Excess O3 has contributed significantly to trapping
harmful UV radiation, which has lowered UVI in India's most
polluted major cities [25].

3.4 Influence model of calendar variation and Sun-Earth
distance on daily cases of COVID-19 in East Java

The model for the effect of calendar variations and sun-
earth distance on daily COVID-19 cases in East Java is
estimated using the Symbolic Time Series Prognosis Model
approach. The formation of a model of the influence of
calendar variations and sun-earth distance on daily cases of
COVID-19 in East Java was carried out based on the
evaluation of model possibilities as many as 1,000,000 models
with a mutation probability of 15% and the number of
generations of 1000. The following is the performance
measure value of the model built:

Table 2. Performance measure of the symbolic time series
prognosis model

Performance Data Data

Measure Training Testing
R? 90.04% 82.14%
RMSE 354.483 665.212
ARE 15.46% 29.42%

Based on Table 2, the model built has a relatively good level
of performance with an R? of 90.04% on training data and

894

82.14% on testing data. It proves that the model obtained has
a good level of accuracy. However, in terms of Average
Relative Error (ARE), the model still has an error rate
exceeding 10%, indicating a relatively high error rate. The
following are the results of the Symbolic Time Series
Prognosis Model for the simplified model estimation of the
effect of calendar variations and sun-earth distance on daily
cases of COVID-19 in East Java:

26847.18-158.97Y,,,
. 2.075
Y =[] 3.898X g —0.688- Xy - Xygan
~18.748
1.318X 5y +23.461X 514y -0.97 X,

-(-0.006) +194.27

where:

Y = Daily Case COVID-19 In East Java
X1 = Calendar Variations (Holidays)
X2 = Sun-Earth Distances

Based on the estimation results of the model of the effect of
calendar variations and sun-earth distance on daily cases of
COVID-19 in East Java, it is shown that there is a Y(t-1)
variable in the model. It means that the incidence of COVID-
19 cases in the previous period (yesterday) influences the
current incidence of COVID-19 cases. Variables X1(t-1) and
X1(t-11) show that the current incidence of COVID-19 cases
is influenced by yesterday's holiday (X1(t-1)) and 11 days of
holiday (X1(t-11)). Likewise, the Sun-Earth Distance
variables X2(t-6), X2(t-8), X2(t-12), and X2(t-14) also
influence the current incidence of COVID-19 cases. The
following is the variable impact score for each variable:

Table 3. The variable impact score for each variable

Impact Score

Variable Data Data Overall
Training Testing
Y 0.902 0.818 0.906
1.33E-
X1 0.003 0.821 09
6.74E-
X2 0.003 0.812 09

The Table 3 above shows the impact score of each variable.
Based on the impact score in the table above, it is shown that
the Y variable has the highest impact score. It means that the
spread of COVID-19 cases in East Java is most affected by the
spread of COVID-19 cases in the previous period. The
following is an actual data plot with daily case prediction data
for COVID-19 in East Java:
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Based on the Figure 5 above, it is shown that the plots
between the actual data and the predicted data are similar. It
proves that the prognostic time series model obtained has a
good level of accuracy. The strength of this research is that the
data is collected centrally, openly and can be accessed in real-
time. In addition, the forecasting results generated from the
prognostic time series model have a high accuracy of up to
90%. Building a statistical prediction model can be done using
a logistic regression model approach [26, 27]. However, the
logistic regression model has limitations on the degree of
linear polynomials. Likewise, forecasting models with spatial
and Spatio-temporal approaches are also limited to linear
polynomial degrees [15, 28]. Forecasting models generated
with a machine learning approach have advantages, especially
in the level of accuracy of forecasting results [18, 29, 30].

Therefore, the validity of the data is relatively high.
However, this study has limitations, especially incomplete
data and high completion variability, delays in reporting data,
and not providing a history of patient social contacts. While
the history of diseases such as fever and cough were
previously reported separately, so they are prone to memory
bias.

4. CONCLUSIONS AND SUGGESTIONS
4.1 Conclusions

Based on the results of this study, it can be concluded that
variations in the holiday calendar and the sun-earth distance
have a strong influence on daily cases of COVID-19. The
symbolic time series prognosis model obtained has an
accuracy rate of up to 90.04% on training data and 82.14% on
testing data.

4.2 Suggestions

Some suggestions that can be given based on the results of
this study are as follows:

4.2.1 Theoretical suggestions

Future research can use variables other than Calendar
Variation and Sun-Earth Distance to see their effect on the
Daily Case Forecasting for COVID-19. There are other factors
that can influence. Furthermore, other time series modeling
can be used in forecasting.

4.2.2 Practical suggestions

Based on the results of the research, the Government of
Indonesia, especially government agencies dealing with
COVID-19, can pay more attention to calendar variations
where variations in holiday periods have a large effect so that
the government can make further policies when the holidays
have started. In addition, the distance from the sun to the earth
also needs to be considered in making further policies in
handling COVID-19.
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