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1. Introduction
The COVID-19 pandemic has spread in 216 countries around the world. Until now. the COVID-19
pandemic is stll spreading. which is marked by more and more people who are infected. Various parties
have taken several steps to anticipate the COVID-19. transmission, including the health policy
implementation also predictions made by academics and epidemiologists. It is necessary to predict the
COVID-19 transmission so that interested parties can take appropriate action to control this pandemic
(121

Mathematical modeling can be used in the field of epidemiology to describe the COVID-19
transmission. The compartment model is one of the mathematical models that can be applied.
Compartment models have been used to model the COVID-19 transmission in China [3]. Italy [4], and
India [S]. The compartment model divides the population into compartments with specific
characteristics. The compartments commonly used in modeling the spread of disease are Susceptible-
Infectious-Recovered (SIR) [6]. Exposed (3 4] and Quarantine [5] are two more compartments that can
be introduced based on the disease" Th f the COVID- 19 virus require
time for incubation before it can infect other individuals. Therefore..a compartment is needed to see how
the dynamics of the population are at this stage. Furthermore, because the COVID-19 virus is still
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Abstract. Mathematical modeling in the epidemiology study can be applied to describe the
current transmission of viruses, one of which is compartments. However, this simulation model
is rigorous to understand, especially in interpreting the parameter values in influencing the
solution. Therefore, itis necessary to present a coherent mathematical model solution. This study
aims to determine the SEIRD model solution in the COVID-19 transmission using Microsoft
Excel with three conditions (normal, new normal, and lockdown) to facilitate the interpretation
of data. The SEIRD model used in this study considers natural population growth, namely natural
births and deaths. Three stages to evaluate the model solution in this study are constructing a
mathematical model, deciding the parameter intervals, and creating an applet in Microsoft Excel.
The system of differential equations is converted into a system of difference equations to obtain
numerical model solutions. The results showed that the differences in the infection rates for old
normal, new normal, and lockdown conditions were 24%, 4%, and 3%, respectively.

1. Introduction

The COVID-19 pandemic has spread in 216 countries around the world. Until now, the COVID-19
pandemic is still spreading, which is marked by more and more people who are infected. Various parties
have taken several steps to anticipate the COVID-19 transmission, including the health policy
implementation also predictions made by academics and epidemiologists. It is necessary to predict the
COVID-19 transmission so that interested parties can take appropriate action to control this pandemic
[1,2].

Mathematical modeling can be used in the field of epidemiology to describe the COVID-19
transmission. The compartment model is one of the mathematical models that can be applied.
Compartment models have been used to model the COVID-19 transmission in China [3], Italy [4], and
India [5]. The compartment model divides the population into compartments with specific
characteristics. The compartments commonly used in modeling the spread of disease are Susceptible-
Infectious-Recovered (SIR) [6]. Exposed [3.4] and Quarantine [5] are two more compartments that can
be introduced based on the disease's characteristics. These characteristics of the COVID-19 virus require
time for incubation before it can infect other individuals. Therefore, a compartment is needed to see how
the dynamics of the population are at this stage. Furthermore, because the COVID-19 virus is still




relatively new, a separate compartment is required to study the dynamics of individual deaths caused by
this virus. Finally, the demographic conditions of an area also need to be considered to distinguish the
disease death rate from the natural death rate. As a result, we require a mathematical model that can
account for the dynamics of each compartment while simultaneously taking into account the
demographic characteristics of a given area. As a result, we require a mathematical model that can
account for the dynamics of each compartment while simultaneously taking into account the
demographic characteristics of a given area.

In real-time, a function represents each compartment. A system of differential equations reveals in
this compartment model. Solving the model is obtained by solving systems of differential equations
analytically or numerically. The solution to this model will provide an overview of the transmission and
prediction of COVID-19 in this population.

The compartment model simulation results are not always easy to understand. especially in
interpreting the parameter values in influencing the solution. We have used mathematical modeling in
many studies such as agroindustry [7.8], environment [9-16], healthcare [17,18], and electricity [19 20].
Therefore, it is necessary to present a less complicated approach to the mathematical model solution. In
addition, the public also needs to know the meaning of the influence of parameters on the COVID-19
transmission. As a result, this article will go into how to use Microsoft Excel to determine the numerical
solution of the COVID-19 distribution compartment model. When selecting Microsoft Excel, we took
into consideration the features that are well-known to the general public.

2. Research Methodology
he SEIRD model is a compartment model that divides the population into five subpopulations, namely
usceptible (5), Exposed (E), Infectious (1), Recovered (R), and Death (D). The population is dynamic,
which is influenced by the rate of natural births and deaths. Natural birth rate (o), the mortality rate (p),
transmission rate ([3), virus incubation rate (o), recovery rate (), and death rate induced by COVID-19
are model parameters (d). The following is a flow chart of the SEIRD model.

Figure 1. Flowchart of SEIRD Model

Based on Figure 1 above, a system of differential equations has obtained as follows.
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Under S(0) = 0,E(0) = 0,1(0) = 0,R(0) = 0 and D(0) = 0. System of differential equations can
be solved numerically by first converting the equations system above into a system of altering equations
[21]. Furthermore, for the parameters in the model, intervals will be calculated. The parameter values in
the model use data sourced from [6,22-24]. The crude birth rate (CBR) and crude mortality (CDR) in
Indonesia during 2018-2020 were 8 < CBR < 20 and 6 < CDR < 8 [5]. The intervals for the cure rate
and mortality rate parameters, namely 0.03 <y < 0.66 and 0.03 < y < 0.66, are obtained in Berger
and Oliger's study [23]. The basic reproduction number (9,) and mass contact incidence (a) [24] are
used in this article to establish the virus's degree of transmission. The following are the equations used
to determine the £ parameter.

B(N) =aN~"%
And,

~ Nop(No)
°7 y+d

In Brauer et al. [23], the interval Ry is 1.4 <R, < 6.49. The mass action incidence interval,
0.0443 < a < 3.1012, is calculated using equations (3) and (4). In the study of Zoupeng Xiao et al.
[25] obtained the value of the virus incubation rate is 7 < ¢ < 14. The numerical solution of the model
calculated using Microsoft Excel. Each parameter in the model is created in the Scroll Bar, is available
on the Developer menu. This Scroll Bar application makes the simulation more interactive. Furthermore,
iteration is carried out based on the differential equation system above with time units in weeks. The
SEIRD model's solution graph is displayed using the Chart function.

3. Result and Discussion
The system of differential equations for the above system of differential equations is as follows.

AS = (aN — BSI — uS)At
AE = (BSI — oE — uE)At

Al = (0E —yl — dI — ulAt
AR = (yI — uR)At

AD = dIAt

Each parameter is given a value during the iteration process. Each parameter's values are listed
below.

Table 1. Value of Parameter of the Model

Parameter Value Reference
a 37x10" CBR Indonesia
u 1.39x10™* CDR Indonesia
a 1.13 Assume
d 0.45 Assume
¥ 0.28 Assume
a 10016 Assume

Transmission rate (), virus incubation rate (o), recovery rate (y), and death rate induced by COVID-
19 are model parameters (d) obtained from analysis of daily COVID-19 case data in Indonesia from
March to August 2021 published by KawalCOVID-19 [26]. The following figure depicts the outcomes




of the iteration using Microsoft Excel. The graph in Figure 3 depicts the SEIRD model's solution. The
graphs below are made by drawing each point with the coordinates (t, N), (¢,S), (t. E), (t,I),(t,R).and
(t, D). According to the graph of the SEIRD model solution above, the pandemic peaked at week 8
with a total infected population of 2362 people (23%) and 585 (5%) deaths until 52 weeks. During the
52 weeks, the populaces also experienced growth due to the birth rate and crude mortality rate. As a
result, as of the end of week 52, there were 9539 individuals in the population.

The SEIRD model solution presentment using Microsoft Excel simplifies for the general public to
understand pandemic behavior. Also, the scroll bar feature allows users to increase or decrease the
parameter values depending on their preferences. After changing the parameter values, the user will
immediately read the solution graph from the model. That feature will give users an overview of the
effect of parameter values on the COVID-19 transmission. In addition, the existence of interventions
carried out by the government through the application of health protocols can also influence the solution
of the model. The health protocol implementation through 3M activities (wearing masks, washing hands,
and maintaining a distance) will reduce the risk of COVID-19 infection. In addition, lockdown areas for
the strict regulation of COVID-19 transmission are present in several countries. The SEIRD model will
apply any of these interventions. The application of the health protocol to the population is called the
new normal condition.
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Figure 4. Comparison of Normal, New Normal, and Lockdown Conditions for Infectious
Compartment.

New normal assuming a reduction in virus transmission rates of up to 50% with apply this condition.
Meanwhile, the COVID-19 infection rate can decrease to 0% by executing lockdown conditions. All of
these interventions are assumed to begin at week 4. Based on the graph above, the comparison of the
peak of the COVID-19 pandemic for three conditions, namely week 8 for old normal conditions, week
10 for new normal conditions, and week 6 for lockdown conditions. Furthermore, the infection rates for
these outbreaks were 24%, 4%, and 3%, respectively.

4. Conclusion

The SEIRD model solution is determined numerically using a system of difference equations. The
simulation results show that individual and government interventions have a positive impact in
preventing the transmission of COVID-19. New Normal and Lockdown strategies can reduce infected
individuals by 20% for 52 weeks. The iteration has been performed with Microsoft Excel assistance by
users (the general public). The features in Microsoft Excel can be applied to understand the graphic
interpretations of the COVID-19 transmission in Indonesia. The discrete method in solving the system
of differential equations is a limitation in this study. The future research requires to compare the margin
of the solution produced with the system's analytical solution in this study.
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