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largest international conference, contact us, or read these testimonials, to �nd out why so many organizers publish with AIP Conference
Proceedings.

Join the conversation about this journal

SJR

The SJR is a size-independent prestige indicator that

ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of  scienti�c in�uence of

journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the  scienti�c in�uence of the average

article in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All

types of documents are considered, including citable
and non citable documents.

Year Documents
2000 234
2001 391
2002 0
2003 864

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of

times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2000 0.000
Cites / Doc. (4 years) 2001 0.286
Cites / Doc. (4 years) 2002 0.154
Cites / Doc. (4 years) 2003 0.187
Cites / Doc. (4 years) 2004 0.207
Cites / Doc. (4 years) 2005 0.280
Cites / Doc. (4 years) 2006 0.262
Cites / Doc. (4 years) 2007 0.217
Cites / Doc. (4 years) 2008 0.209
Cites / Doc. (4 years) 2009 0.208

Total Cites Self-Cites

Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation

from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

% International  Collaboration

International  Collaboration accounts for the articles

that have been produced by researchers from several

Citable documents Non-citable documents

Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
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Metrics based on Scopus® data as of March 2024

Dr. Arun Raja R.D. 1 month ago

AIP CONFERENCE PROCEEDINGS has not been given a quartile rank. What could be it's possibility

to be discontinued from Scopus in the recent future? How do we know it?

reply

Yazeed Alzahrani 4 months ago

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country address.

Year International Collaboration
2000 21.79

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in

three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2000 0
Uncited documents 2001 198
Uncited documents 2002 563
Uncited documents 2003 543

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent
2000 18.00
2001 12.19
2002 0.00
2003 14.40
2004 13.02
2005 15 78

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public

policy documents according to Overton database.

Documents Year Value
Overton 2000 0
Overton 2001 0
Overton 2002 0
Overton 2003 5
Overton 2004 0

Documents related to SDGs (UN)

Evoution of the number of documents related to

Sustainable Development Goals de�ned by United
Nations. Available from 2018 onwards.

Documents Year Value
SDG 2018 2483
SDG 2019 2828
SDG 2020 2344
SDG 2021 1909
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Dear Arun,

Thank you for contacting us. Please see comments below.

Best regards, SCImago Team
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Preface: The 7th International Conference on Science and Applied Science (ICSAS 2022) 
AIP Conf. Proc. 3074, 010001 (2024) https://doi.org/10.1063/12.0025593

Committees: The 7th International Conference on Science and Applied Science (ICSAS 2022) 
AIP Conf. Proc. 3074, 010002 (2024) https://doi.org/10.1063/12.0026243

Numerical study on mechanical properties of cubic porous bone scaffold: Effect of unit cell type 

Rochmad Winarso; Rifky Ismail; P. W. Anggoro; J. Jamari; A. P. Bayuseno
AIP Conf. Proc. 3074, 020001 (2024) https://doi.org/10.1063/5.0211261

Immunostick development for Bovine Brucellosis rapid tests in the field 

Didik T. Subekti; M. Ibrahim Desem; Susan M. Noor
AIP Conf. Proc. 3074, 020002 (2024) https://doi.org/10.1063/5.0211270

Image segmentation based on active contour in chest X-ray image 

Sri Oktamuliani; Yoshifumi Saijo
AIP Conf. Proc. 3074, 020003 (2024) https://doi.org/10.1063/5.0211293

The analysis of adsorption capacity in heavy metal ions by using activated carbon from sago waste


Octolia Togibasa; Khaeriah Dahlan; Yane Oktovina Ansanay; Martina Bunga; Daniel Napitupulu; Tatang Sutarman; Piter
Wilson Wafumilena; Beatrix Yuliana Nukuboy

AIP Conf. Proc. 3074, 020004 (2024) https://doi.org/10.1063/5.0211265
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The utilization of guava leaves extract (Psidium Guajava L.) to reduce the levels of chrome and
nickel heavy metals by atomic absorption spectrophotometry 

Nur Hidayati; Mardiyono

AIP Conf. Proc. 3074, 020005 (2024) https://doi.org/10.1063/5.0213711

Fourth and fifth-order Runge-Kutta methods for solving a susceptible-exposed-infected-recovered
mathematical model of the spread of COVID-19 

Dewi Isabella Palma; Sudi Mungkasi
AIP Conf. Proc. 3074, 020006 (2024) https://doi.org/10.1063/5.0211279

Study the effect of gamma-irradiation on the physical properties of Chitosan powder with the
presence of water 
Dien Puji Rahayu; Ade Lestari Yunus; Muhammad Yasin Yunus; Farah Nurlidar; Bina Lohita Sari; Reni Lestari; Reni
Rosspertiwi
AIP Conf. Proc. 3074, 020007 (2024) https://doi.org/10.1063/5.0211274

Co-dynamics model of the spread of malaria and COVID-19 with numerical solutions using the third-
orderand the fourth-order Runge-Kutta methods 

Fransiska Intan Rosari; Sudi Mungkasi

AIP Conf. Proc. 3074, 020008 (2024) https://doi.org/10.1063/5.0212225

Prediction of daily solar radiation from weather data using deep learning in the Semarang area 

Herliyani Hasanah; Wiji Lestari; Rudi Susanto

AIP Conf. Proc. 3074, 020009 (2024) https://doi.org/10.1063/5.0211352

Calculation of two dimensional photonic bandgap using the Plane Wave Expansion (PWE) method 

Ariska Fela Fernanda; Yulianto Agung Rezeki; Anif Jamaluddin; Sri Budiawanti; Lita Rahmasari

AIP Conf. Proc. 3074, 020010 (2024) https://doi.org/10.1063/5.0211278

Enhancing biogas production of Tofu wastewater by co-digestion 

Irene A. A. Suwandhi; Sajidan; Arief Budiman; M. Masykuri

AIP Conf. Proc. 3074, 020011 (2024) https://doi.org/10.1063/5.0211284

Managing take-back decisions for a manufacturer and two retailers in the presence of refurbishing 

Yahya Putra Pradana; Nughthoh Arfawi Kurdhi; Cucuk Nur Rosyidi

AIP Conf. Proc. 3074, 020012 (2024) https://doi.org/10.1063/5.0211575
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Abstract. In this paper, we describe the dynamics of the spread of the COVID-19 disease. In this paper, a mathematical 
model of the problem is rewritten. Mathematical models can be used to find strategies to prevent the Coronavirus disease 
spread. A Susceptible-Exposed-Infected-Recovered (SEIR) mathematical model in the spread of COVID-19 disease is 
solved using fourth- and fifth-order Runge-Kutta methods. The simulation results of the two methods show the same 
pattern of solution behavior as the results of the reference solution obtained using the ODE45 algorithm in the MATLAB 
software. Theoretically, the accuracy of the fourth-order Runge-Kutta method is not better than that of the fifth-order 
Runge-Kutta method. We show the correctness of this theory through simulations in this paper by solving the SEIR 
mathematical model for the COVID-19 disease.  

INTRODUCTION 

COVID-19 or Coronavirus disease 2019 is one of the diseases caused by a virus that attacks the respiratory 
system. This virus is different from viruses that infect other respiratory systems such as Middle East Respiratory 
Syndrome (MERS) which has the same type of virus, namely, Coronavirus [1, 2]. The period of spread, the causes 
of transmission and the symptoms caused by Coronavirus infection are explained in several studies [2–5]. In some 
cases, a subject may be asymptomatic, although they are infected. In addition, this virus infection can also cause 
critical conditions to death. 

The area where the Coronavirus spread began in Wuhan, China in December 2019. The spread of the virus has 
rapidly occurred in several regions of the country, so World Health Organization (WHO) has designated the disease 
caused by this virus to be a COVID-19 (Coronavirus disease 2019) pandemic. One of the impacted countries is 
Indonesia. The spread of the Coronavirus in Indonesia is still ongoing today. The number of cases of spread in 
Indonesia has decreased [6]. One of the factors for the decline in the number of cases is the vaccination program 
organized by the government. However, the lack of public awareness of health protocols has led to the emergence of 
new spread clusters, even though there is already a vaccination program. Although giving a vaccine does not 
guarantee 100% a person to be immune, the vaccine can prevent infections, serious diseases, and deaths [7]. 
Currently, many types of vaccines have been developed for the Coronavirus such as Sinovac, Pfizer, Astra Zeneca, 
etc. In this study, we consider the mathematical model proposed by Wintachai and Prathom [4].   

The spread of COVID-19 has been studied more widely by many studies, both in the field of mathematics and 
health. One of the mathematical models suitable for understanding the dynamics of this epidemic is the SEIR 
(Susceptible-Exposed-Infected-Recovered) model. Variables �, �, �, and � are defined as the four human sub-
populations in the SEIR model. In this case, the variable of fraction for human susceptible to the disease is �(�), the 
variable of fraction for human exposed to the disease is �(�), the variable of fraction for the infected people is �(�), 
and the variable of fraction for recovered people is �(�).  
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One of numerical methods capable of solving mathematical models in the form of ordinary differential equations 
is the Runge-Kutta method. The method was developed by Carl Runge and Wilhelm Kutta. Based on this, the 
Runge-Kutta method has several types, namely the second-order Runge-Kutta, the third-order Runge-Kutta, the 
fourth-order Runge-Kutta, the fifth-order Runge-Kutta, and so on. Fardinah [8] stated that the level of accuracy in 
this method is influenced by the order, so the greater the order, the more accurate the results obtained. The formula 
of the Runge-Kutta method can be found in books, such as Chapra and Canale [9].  

The research of the spread of COVID-19 is important. By studying the dynamics of the disease, we can predict 
the spread of COVID-19. There are several reports that have been published about the dynamics of the spread of 
COVID-19 and simulated or solved models with various approaches [3, 4, 10, 11, 12]. These reports motivate us to 
use the fourth-order Runge-Kutta and the fifth-order Runge-Kutta methods to solve the SEIR model in this paper.  

EXPERIMENTAL DETAILS 

The mathematical model of the spread of COVID-19 developed by Wintachai and Prathom [3] is discussed in 
this paper. To solve the SEIR model, we use two numerical methods, namely the fourth- and fifth-order Runge-
Kutta methods. In order to do the computation, we use the MATLAB software. 

SEIR Model 

In general, SEIR modeling is identical to the SIR model, but in this model a variable is added, namely � 
(Exposed) or individuals who can enter the infected group but have not been fully infected with the disease [13]. In 
this model, there are four parts of the human subpopulation: specifically the subpopulation that is susceptible to 
disease is Susceptible (�); the subpopulation that has been infected but has not yet become a patient is Exposed (�); 
the subpopulation that has become a patient and actively transmits disease is Infectious (�); and the subpopulation 
that has recovered is Recovered (�). The concept given to the SEIR model takes the form of each state transition as 
the dynamics of population change [13].  

The SEIR model is a mathematical model for disease outbreaks that have an incubation period. Diekmann and 
Heesterbeck [14] defined that an individual has been infected by a disease but has not been able to transmit the 
disease to another individual, and their definition is the exposed subpopulation. In the case of COVID-19, there are 
individuals who have been confirmed positive for the Coronavirus, but do not show symptoms of viral infection [2], 
so that this population can be categorized in the exposed population. In addition, the assumption in this case is that 
the population that has recovered will not be re-infected due to the formation of the immune system in the body to 
prevent the occurrence of viral infections again. Wintachai and Prathom [4] established a system of non-linear 
differential equations for the COVID-19 spread model as follows: 

⎩
⎪
⎨

⎪
⎧

��

��
= �� − (��� + ��)� − �(1 − ���)��,

��

��
= �(1 − ���)�� − (�� + � + (1 − �)���)�,

��

��
=  �� − (�� + � + (1 − �)���)�,

��

��
= ���� + ���(1 − �)� + (� + (1 − �)���)� − ���.

 (1) 

The schematic diagram of equation system (1) is illustrated by Wang et al. [3]  

The representation of the variables and parameters of equation system (1) is shown in Table 1. 
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TABLE 1. Parameters and variables of the SEIR model 

Parameters and 
Variables 

Description 

� Proportion of susceptible individuals 
� Proportion of exposed individuals 
� Proportion of infectious individuals 
� Proportion of recovered individuals 
� Disease transmission rate 
� Transfer rate from � to � 
� Transfer rate from � to � 
� Population vaccination rate 
�� Effective vaccination rate in � 
�� Effective vaccination rate in � 
��  Effective vaccination rate in � 
�� Population birth rate 
�� Population death rate without COVID-19 
�� Population death rate of the exposed population plus �� 
�� Population death rate of the infectious population plus �� 

The fourth- and fifth-order Runge-Kutta method are used to solve the mathematical model above and described 
below.  

Fourth Order Runge-Kutta Method 

The fourth-order Runge-Kutta method is one of the numerical methods often used to solve ordinary differential 
equations. The method is accurate and simple. In addition, the fourth-order Runge-Kutta method has a high level of 
accuracy, so that it is widely used by many researchers [4, 14–16]. This method can be described from an expansion 
of the order of Taylor series method. Chapra and Canale [17] wrote down the fourth-order Runge-Kutta method as 
follows: 

���� = �� +
�

�
(�� + 2�� + 2�� + ��)ℎ,            (2) 

where 

�� = �(��, ��), 

(3) 
�� = � ��� +

1

2
ℎ, �� +

1

2
��ℎ�, 

�� = � ��� +
1

2
ℎ, �� +

1

2
��ℎ�, 

�� = �(�� + ℎ, �� + ��ℎ). 
By paying attention to the initial values of each population ��, ��, ��, and ��, the fourth-order Runge-Kutta 

method for solving the SEIR model (1) is: 
 

���� = �� +
�

�
(��� + 2��� + 2��� + ���)ℎ,

���� = �� +
�

�
(��� + 2��� + 2��� + ���)ℎ,

���� = �� +
�

�
(��� + 2��� + 2��� + ���)ℎ,

���� = �� +
�

�
(��� + 2��� + 2��� + ���)ℎ.

                                                      (4) 

 
Here, ℎ is the time step, � is the iteration index, and: 

 
��� = �� − (��� + ��)�� − �(1 − ���)����   
��� = �(1 − ���)���� − (�� + � + (1 − �)���)��   
��� = ��� − (�� + � + (1 − �)���)��   

(5) 
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��� = ����� + ���(1 − �)�� + (� + (1 − �)���)�� − ����  
 

��� = �� − (��� + ��) ��� +
���

�
ℎ� − �(1 − ���) ��� +

���

�
ℎ� ��� +

���

�
ℎ�  

��� = �(1 − ���) ��� +
���

�
ℎ� ��� +

���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = � ��� +
���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = ��� ��� +
���

�
ℎ� + ���(1 − �) ��� +

���

�
ℎ� + (� + (1 − �)���) ��� +

���

�
ℎ� − �� ��� +

���

�
ℎ�  

 

��� = �� − (��� + ��) ��� +
���

�
ℎ� − �(1 − ���) ��� +

���

�
ℎ� ��� +

���

�
ℎ�  

��� = �(1 − ���) ��� +
���

�
ℎ� ��� +

���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = � ��� +
���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = ��� ��� +
���

�
ℎ� + ���(1 − �) ��� +

���

�
ℎ� + (� + (1 − �)���) ��� +

���

�
ℎ� − �� ��� +

���

�
ℎ�  

 
��� = �� − (��� + ��)(�� + ���ℎ) − �(1 − ���)(�� + ���ℎ)(�� + ���ℎ)  
��� = �(1 − ���)(�� + ���ℎ)(�� + ���ℎ) − (�� + � + (1 − �)���)(�� + ���ℎ)  
��� =  �(�� + ���ℎ) − (�� + � + (1 − �)���)(�� + ���ℎ)  
��� = ���(�� + ���ℎ) + ���(1 − �)(�� + ���ℎ) + (� + (1 − �)���)(�� + ���ℎ) − ��(�� + ���ℎ)  

Fifth-Order Runge-Kutta Method 

The fifth-order Runge-Kutta method is a method obtained in the similar way as other Runge-Kutta methods, 
namely the expansion of the Taylor series. The fifth-order Runge-Kutta method provides better accuracy than the 
lower-order Runge-Kutta methods. Butcher [17] wrote down the fifth-order Runge-Kutta method as follows: 

���� = �� +
�

��
(7�� + 32�� + 12�� + 32�� + 7��)ℎ,              (6) 

where 

 

�� = �(��, ��), 

(7) 

�� = � ��� +
1

4
ℎ, �� +

1

4
��ℎ�, 

�� = � ��� +
1

4
ℎ, �� +

1

8
��ℎ +

1

8
��ℎ�, 

�� = � ��� +
1

2
ℎ, �� −

1

2
��ℎ + ��ℎ�, 

�� = � ��� +
3

4
ℎ, �� +

3

16
��ℎ +

9

16
��ℎ�, 

�� = � ��� + ℎ, �� −
3

7
��ℎ +

2

7
��ℎ +

12

7
��ℎ −

12

7
��ℎ +

8

7
��ℎ�. 

 
By paying attention to the initial values of each population ��, ��, ��, and ��, the fifth-order Runge-Kutta method for 
solving the SEIR model (1) is: 

���� = �� +
�

��
(7��� + 32��� + 12��� + 32��� + 7���)ℎ,

���� = �� +
�

��
(7��� + 32��� + 12��� + 32��� + 7���)ℎ,

���� = �� +
�

��
(7��� + 32��� + 12��� + 32��� + 7���)ℎ,

���� = �� +
�

��
(7��� + 32��� + 12��� + 32��� + 7���)ℎ.

                                          (8)  

020006-4

 13 June 2024 10:50:53



Here, ℎ is the time step, � is the iteration index, and: 
��� = �� − (��� + ��)�� − �(1 − ���)����   
��� = �(1 − ���)���� − (�� + � + (1 − �)���)��   
��� = ��� − (�� + � + (1 − �)���)��   
��� = ����� + ���(1 − �)�� + (� + (1 − �)���)�� − ����  
 

��� = �� − (��� + ��) ��� +
���

�
ℎ� − �(1 − ���) ��� +

���

�
ℎ� ��� +

���

�
ℎ�  

��� = �(1 − ���) ��� +
���

�
ℎ� ��� +

���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = � ��� +
���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ�  

��� = ��� ��� +
���

�
ℎ� + ���(1 − �) ��� +

���

�
ℎ� + (� + (1 − �)���) ��� +

���

�
ℎ� − �� ��� +

���

�
ℎ�  

 

��� = �� − (��� + ��) ��� +
���

�
ℎ +

���

�
ℎ� − �(1 − ���) ��� +

���

�
ℎ +

���

�
ℎ� ��� +

���

�
ℎ +

���

�
ℎ�  

��� = �(1 − ���) ��� +
���

�
ℎ +

���

�
ℎ� ��� +

���

�
ℎ +

���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ +

���

�
ℎ�  

��� = � ��� +
���

�
ℎ +

���

�
ℎ� − (�� + � + (1 − �)���) ��� +

���

�
ℎ +

���

�
ℎ�  

��� = ��� ��� +
���

�
ℎ +

���

�
ℎ� + ���(1 − �) ��� +

���

�
ℎ +

���

�
ℎ� + (� + (1 − �)���) ��� +

���

�
ℎ +

���

�
ℎ� − �� ��� +

���

�
ℎ +

���

�
ℎ�  

 

��� = �� − (��� + ��) ��� −
���

�
ℎ + ���ℎ� − �(1 − ���) ��� −

���

�
ℎ + ���ℎ� ��� −

���

�
ℎ + ���ℎ�  

��� = �(1 − ���) ��� −
���

�
ℎ + ���ℎ� ��� −

���

�
ℎ + ���ℎ� − (�� + � + (1 − �)���) ��� −

���

�
ℎ + ���ℎ�  

��� = � ��� −
���

�
ℎ + ���ℎ� − (�� + � + (1 − �)���) ��� −

���

�
ℎ + ���ℎ�  

��� = ��� ��� −
���

�
ℎ + ���ℎ� + ���(1 − �) ��� −

���

�
ℎ + ���ℎ� + (� + (1 − �)���) ��� −

���

�
ℎ +

���ℎ� − �� ��� −
���

�
ℎ + ���ℎ�  

 

��� = �� − (��� + ��) ��� +
����

��
ℎ +

����

��
ℎ� − �(1 − ���) ��� +

����

��
ℎ +

����

��
ℎ� ��� +

����

��
ℎ +

����

��
ℎ�  

��� = �(1 − ���) ��� +
����

��
ℎ +

����

��
ℎ� ��� +

����

��
ℎ +

����

��
ℎ� − (�� + � + (1 − �)���) ��� +

����

��
ℎ +

����

��
ℎ�  

��� = � ��� +
����

��
ℎ +

����

��
ℎ� − (�� + � + (1 − �)���) ��� +

����

��
ℎ +

����

��
ℎ�  

��� = ��� ��� +
����

��
ℎ +

����

��
ℎ� + ���(1 − �) ��� +

����

��
ℎ +

����

��
ℎ� + (� + (1 − �)���) ��� +

����

��
ℎ +

����

��
ℎ� − �� ��� +

����

��
ℎ +

����

��
ℎ�  

 

��� = �� − (��� + ��) ��� −
����

�
ℎ +

����

�
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�� ��� −
����

�
ℎ +

����

�
ℎ +

�����

�
ℎ −

�����

�
ℎ +

����

�
ℎ�  

RESULTS AND DISCUSSION 

This section contains simulation results based on numerical schemes of the fourth- and fifth-order Runge-Kutta 
methods. The accuracy of both methods is also discussed. The simulations are done using the MATLAB software. 

Simulation Results of the Fourth-Order Runge-Kutta Method 

Initial and parameter values are needed in solving the model. Table 2 shows the initial and parameter values 
used. 

TABLE 2. Initial Values and Parameter Values 

Variables/Parameters Values  
�(0) 0.97286 
�(0) 0.00543 
�(0) 0.00362 
�(0) 0.01809 

� 0.462 
� 1/ 11.5 per day 
� 0.0686 per day 
�� 3.178 × 10�� per day 
�� 2.377 × 10�� per day 
�� 2.585 × 10�� per day 
�� 2.585 × 10�� per day 
� 0.01 
�� 0.7 
�� 0.6 
��  0.6 

 

 
FIGURE 1.  Graph of disease spread using the fourth-order Runge-Kutta method with ℎ = 1 on the time range [0,120] 

Figure 1 shows the behavior of the spread of the COVID-19 disease by the SEIR model based on the fourth-
order Runge-Kutta method. The results illustrate that the proportion of susceptible populations, namely � has 
decreased over time. The proportion of the exposed population, namely �, increased until the 47th day and 
decreased the next day. This also occurs in the proportion of the infected population, namely �, experienced an 
increase until the 57th day and decreased the next day. Meanwhile, the proportion of the recovered population, 
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namely �, has increased over time. This increase in the recovered population is in line with the decline in 
susceptible population, exposed population and infected population whose proportions are towards zero. 

Simulation Results of the Fifth Order Runge-Kutta Method 

Similar to the previous simulation, the fifth-order Runge-Kutta method also needs initial and parameter values. 
The initial and parameter values are the same as those used in the fourth-order Runge-Kutta method, as shown in 
Table 2. 

 

 
FIGURE 2. Graph of disease spread using the fifth-order Runge-Kutta method with ℎ = 1 on the time range [0,120] 

Figure 2 shows the simulation results of the spread of COVID-19 disease by the SEIR model using the fifth-
order Runge-Kutta method. These results have similarities with the simulation results using the fourth-order Runge-
Kutta method. This causes the pattern of the spread and behavior to be the same. 

Accuracy Order of Method 

Based on the simulation results shown in Figure 1 and Figure 2, the patterns of solution from the two methods 
are the same. To see which method is more accurate between the fourth-order Runge-Kutta method and the fifth-
order Runge-Kutta method, it is necessary to measure the numerical error and the order of accuracy. the ODE45 
algorithm in the MATLAB software was chosen as a reference for the analytical results with 'RelTol' and 'AbsTol' 
of 1 × 10���. This is done because until now no exact analytical solution has been found for the SEIR model 
considered in this paper.  

To test numerical errors, an absolute error formula is used. Next, to calculate the order of accuracy, we 
investigate the results and errors for time steps 1, 0.5, 0.25, 0.125, and 0.0625 and use the accuracy order formula 
[18], that is, 

�� =
log �

��

����
�

log �
∆��

∆����
�
 (10) 

where �� is an error corresponding to the simulation using the free variable step ∆��  and ���� is an error 
corresponding to the simulation using the free variable step  ∆����. 
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TABLE 3. The average error value of the fourth-order Runge-Kutta method 

∆� S E I R 

1 1.63 × 10�� 8.46 × 10�� 3.60 × 10�� 1.18 × 10�� 

0.5 1.04 × 10�� 5.35 × 10�� 2.40 × 10�� 7.65 × 10�� 

0.25 6.62 × 10��� 3.37 × 10��� 1.56 × 10��� 4.87 × 10��� 

0.125 4.17 × 10��� 2.11 × 10��� 9.91 × 10��� 3.07 × 10��� 

0.0625 2.61 × 10��� 1.32 × 10��� 6.25 × 10��� 1.93 × 10��� 

 

TABLE 4. The average error value of the fifth-order Runge-Kutta method 

∆� S E I R 

1 3.09 × 10��� 4.67 × 10��� 5.86 × 10��� 4.28 × 10��� 

0.5 1.13 × 10��� 1.36 × 10��� 1.79 × 10��� 1.45 × 10��� 

0.25 3.81 × 10��� 4.10 × 10��� 5.56 × 10��� 4.71 × 10��� 

0.125 1.22 × 10��� 1.26 × 10��� 1.71 × 10��� 1.38 × 10��� 

0.0625 3.12 × 10��� 3.92 × 10��� 3.99 × 10��� 3.58 × 10��� 

 
From Table 3 and Table 4, the average error value of each compartment is different for each ∆�. In addition, the 
average values of errors of the fourth-order Runge-Kutta method between compartments are greater than the average 
values of errors of the fifth-order Runge-Kutta method between compartments. 
 

TABLE 5. Accuracy order of the fourth-order Runge-Kutta method 

∆� S E I R 

1 - - - - 

0.5 3.961 3.983 3.902 3.945 

0.25 3.980 3.990 3.949 3.972 

0.125 3.990 3.995 3.974 3.986 

0.0625 3.995 3.997 3.987 3.992 

 

 

TABLE 6. Accuracy order of the fifth-order Runge-Kutta method 

∆� S E I R 

1 - - - - 

0.5 4.771 5.106 5.028 4.881 

0.25 4.895 5.046 5.012 4.945 

0.125 4.961 5.026 5.023 5.090 

0.0625 5.290 5.006 5.421 5.274 

 
The order of accuracy by fourth-order Runge-Kutta method shown in Table 5 is close to a certain value, namely 

4, while the order of accuracy by fifth-order Runge-Kutta method in Table 6 is close to 5. These results confirm that 
the orders of accuracy in our simulations match with the theoretical orders of the numerical methods. It is clear that 
the accuracy of the fifth-order Runge-Kutta method is better than the accuracy of the fourth-order Runge-Kutta 
method. 

Based on the comparison of the accuracy level values above, the fifth-order Runge-Kutta method can be 
suggested as a better method to be used to solve the mathematical model of the spread of COVID-19. In addition, 
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the fifth-order Runge-Kutta method can also be applied in solving mathematical models of the spread of other 
diseases [19–21]. 

CONCLUSION 

The solutions produced by the fourth-order Runge-Kutta method and the fifth-order Runge-Kutta method using 
the MATLAB software show similarities. Thus, it is necessary to look for the values of the numerical errors and the 
order of accuracy of each method, so we can observe the difference between the two methods. The results of our 
research confirm that solving the mathematical model of the spread of COVID-19 disease by the fifth-order Runge-
Kutta method is indeed more accurate than using the fourth-order Runge-Kutta method. 

ACKNOWLEDGMENTS 

The authors thank Sanata Dharma University for the funding support. We also thank one member of the authors’ 
research group, Ms. Fransiska Intan Rosari, who shared ideas and opinions in some discussions. 

REFERENCES 

[1]  Shu Y, He H, Shi X, et al. Coronavirus disease-2019 (Review). World Academy of Sciences Journal 2021; 
3: 1–7. 

[2]  Pakpahan JP, Litawati D. Tata Kelola Manajemen Keperawatan Klinis Era COVID-19. Yogyakarta: Gava 
Media, 2021. 

[3]  Wang J, Huang G, Takeuchi Y, et al. Sveir epidemiological model with varying infectivity and distributed 
delays. Mathematical Biosciences and Engineering 2011; 8: 875–888. 

[4]  Wintachai P, Prathom K. Stability analysis of SEIR model related to efficiency of vaccines for COVID-19 
situation. Heliyon 2021; 7: e06812. 

[5]  Harapan H, Itoh N, Yufika A, et al. Coronavirus disease 2019 (COVID-19): A literature review. Journal of 
Infection and Public Health 2020; 13: 667–673. 

[6]  Satgas. Peta Sebaran, https://covid19.go.id/peta-sebaran (2021). 
[7]  Prevention C for DC and. Possibility of COVID-19 Illness after Vaccination, 

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-
effectiveness/breakthrough-cases.html (2021, accessed 5 January 2021). 

[8]  Fardinah F. Solusi Persamaan Diferensial Biasa dengan Metode Runge-Kutta Orde Lima. Journal MSA 
(Matematika dan Statistika Serta Aplikasinya) 2017; 5: 30. 

[9]  Chapra SC. Applied Numerical Methods with MATLAB for Engineers and Scientists. 3rd ed. New York: 
McGraw-Hill, 2012. 

[10]  Mungkasi S. Successive Approximation, Variational Iteration, and Multistage-Analytical Methods for a 
SEIR Model of Infectious Disease Involving Vaccination Strategy. Communication in Biomathematical 
Sciences 2021; 3: 114–126. 

[11]  Pandey G, Chaudhary P, Gupta R, et al. SEIR and Regression Model based COVID-19 outbreak predictions 
in India. medRxiv 2020; 1–10. 

[12]  Kumar S, Kumar V, Awasthi U, et al. Modified SEIR model for prediction of COVID-19 outbreak trend in 
India with effectiveness of preventive care. Journal of Statistics and Management Systems 2021; 24: 135–
145. 

[13]  Iswanto RJ. Pemodelan Matematika: Aplikasi dan Terapannya. Yogyakarta: Graha Ilmu, 2012. 
[14]  Pratiwi CD. Kajian Matematis dan Pendidikan atas Model Transmisi Penyakit Virus Corona 2019 (COVID-

19). Universitas Sanata Dharma, 2021. 
[15]  Simangunsong L, Mungkasi S. Fourth order Runge-Kutta method for solving a mathematical model of the 

spread of HIV-AIDS. AIP Conference Proceedings 2021; 2353: 030092. 
[16]  Lede YK, Mungkasi S. Performance of the Runge-Kutta methods in solving a mathematical model for the 

spread of dengue fever disease. AIP Conference Proceedings 2019; 2202: 1–7. 
[17]  Chapra SC, Canale RP. Numerical Methods for Engineers. Eighth ed. New York: McGraw-Hill, 2021. 
[18]  Hidayat N, Suhariningsih, Suryanto A, Mungkasi S. The significance of spatial reconstruction in finite 

volume methods for the shallow water equations. Applied Mathematical Sciences 2014; 8: 1411–1420. 

020006-9

 13 June 2024 10:50:53

https://doi.org/10.3892/wasj.2021.83
https://doi.org/10.3934/mbe.2011.8.875
https://doi.org/10.1016/j.heliyon.2021.e06812
https://doi.org/10.1016/j.jiph.2020.03.019
https://doi.org/10.1016/j.jiph.2020.03.019
https://doi.org/10.5614/cbms.2020.3.2.3
https://doi.org/10.5614/cbms.2020.3.2.3
https://doi.org/10.1080/09720510.2020.1833463
https://doi.org/10.1063/5.0052550
https://doi.org/10.12988/ams.2014.4124
https://doi.org/10.24252/jmsa.V5N1P30
https://doi.org/10.24252/jmsa.V5N1P30
https://doi.org/10.1063/1.5141657


[19]  Ramadhan NR, Minggi I, Side S. The accuracy comparison of the RK-4 and RK-5 method of SEIR model 
for tuberculosis cases in South Sulawesi. Journal of Physics: Conference Series 2021; 1918: 042027. 

[20]  Asri M, Sidjara S, Sanusi W, et al. Analysis and Solution of the SEIRS Model for the Rubella Transmission 
with Vaccination Effect using Runge-Kutta Method. Journal of Physics: Conference Series 2021; 1899: 
012090. 

[21]  Mwalili S, Kimathi M, Ojiambo V, et al. SEIR model for COVID-19 dynamics incorporating the 
environment and social distancing. BMC Research Notes 2020; 13: 1–5. 

 
 

020006-10

 13 June 2024 10:50:53

https://doi.org/10.1186/s13104-020-05192-1



