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ABSTRAK

PEMODELAN SEIR PENYEBARAN COVID-19 DENGAN METODE

RUNGE-KUTTA ORDE 4 DI JAWA TIMUR

Penyakit COVID-19 adalah penyakit yang disebabkan oleh virus golongan
Coronavirus seperti SARS-CoV-2 yang disebut virus Corona. Penyebaran yang
terjadi menyebabkan COVID-19 ini sekarang menjadi sebuah pandemi yang
terjadi di banyak negara terutama Indonesia yang dimulai dari 2 Warga Negara
Jepang yang berdansa dengan Warga Negara Indonesia dan mulai bertambah di
setiap wilayah terutama Jawa Timur dengan penyumbang terbanyak total 2.127
jiwa pada gelombang ketiga COVID-19. Penelitian ini bertujuan untuk mengetahui
model penyebaran COVID-19, kestabilan titik equilibrium dan mengetahui hasil
solusi numerik di Provinsi Jawa Timur. Pemodelan yang digunakan adalah model
SEIR dengan metode Runge-Kutta Orde 4. Populasi dalam model yang digunakan
dibagi menjadi empat sub-populasi, diantaranya yaitu: S-Suspected, E-Exposed,
I-Infected, dan R-Recovery dengan sub-populasi sembuh akan kembali menjadi
rentan. Model yang telah dibentuk dan dicari kestabilan titik kesetimbangannya
dengan kriteria Routh-Hurwitz, kemudian disimulasikan menggunakan metode
numerik Runge-Kutta orde empat. Hasil analisis yang didapatkan pada penelitian
ini menghasilkan Ry < 1 yaitu 0,5532927488, artinya total individu terinfeksi
akan menurun atau berkurang sehingga seiring waktu penyakit akan menghilang.
Pada kondisi ini sistem membentuk kesetimbangan bebas penyakit yang stabil.
Berdasarkan penelitian yang didapatkan, hasil simulasi numerik dan interpretasi
hasil simulasi dari model SEIR dalam penyebaran COVID-19 di Jawa Timur
dalam populasi sekitar hari ke-70 dan tidak ada lagi populasi yang terinfeksi pada
hari ke-90.

Kata kunci: COVID-19, Pemodelan SEIR, Metode Runge Kutta Orde-4, Fungsi
Routh Hurwitz
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ABSTRACT

SEIR MODELING OF THE SPREAD OF COVID-19 WITH 4TH ORDER

RUNGE-KUTTA METHOD IN EAST JAVA

COVID-19 is a disease caused by a Coronavirus class virus such as
SARS-CoV-2 called the Corona virus. The spread that occurred caused COVID-19
is now a pandemic that occurred in many countries, especially Indonesia, which
began with 2 Japanese citizens who danced with Indonesian citizens and began to
increase in each region, especially East Java with the highest number of
contributors totaling 2,127 people in the third wave of COVID-19. This study aims
to determine the COVID-19 spread model, the stability of the equilibrium point
and determine the results of numerical solutions in East Java Province. The
modeling used is the SEIR model with the Runge-Kutta method. Order 4. The
population in the model used is divided into four sub-populations, including:
S-Suspected, E-Exposed, I1-Infected, and R-Recovery with the recovered
sub-population will return to being vulnerable. The model that has been formed
and sought the stability of the equilibrium point with the criterion Routh-Hurwitz,
then simulated using the numerical method Runge-Kutta fourth order. The results
of the analysis obtained in this study resulted in Ry < 1 which is 0.5532927488,
meaning that the total number of infected individuals will decrease or decrease so
that over time the disease will disappear. In this condition, the system forms a
stable disease-free equilibrium. Based on the research obtained, the numerical
simulation results and interpretation of the simulation results of the SEIR model in
the spread of COVID-19 in East Java in the population around day 70 and there is
no longer an infected population on day 90.

Keywords: COVID-19, SEIR Modeling, 4th Orde Runge-Kutta Method, Routh
Hurwitz Function.

X1V



DAFTAR PUSTAKA

Antara (2021). Gelombang I dan II COVID-19 di Indonesia.
https://www.antaranews.com/infografik/2275510/

gelombang-i—-dan—-ii-covid-19-di-indonesia.

Anton, H. (1998). Elementary linear algebra (Aljabar linear elementer). Erlangga,

Jakarta, edisi 5 edition.

BBC (2020). Covid-19 Indonesia mencapai setengah juta kasus positif, 25%
di antaranya ada di Jakarta. |https://www.bbc.com/indonesia/

indonesia-51850113. Diakses: 20 Juni 2020.

Bodson, M. (2020). Explaining the Routh—Hurwitz Criterion : A Tutorial

Presentation [Focus on Education]. IEEE Control Systems Magazine, (40(1)):45—
51.

BPS Provinsi Jawa  Timur. BPS Provinsi . Jawa  Timur.
https://jatim.bps.go.id/indicator/12/375/1/
Jumlah-penduduk—provinsi—-jawa—-timur.htmll Diakses 20

Juni 2022.

Cahlon, B. and Schmidt, D. (2000). On stability of systems of delay differential

equations. Journal of Computational and Applied Mathematics, 117(2):137-158.

Diz-Pita, E. and Otero-Espinar, M. V. (2021). Predator—prey models: A review of

some recent advances. Mathematics, 9(15):1783.

71


https://www.antaranews.com/infografik/2275510/gelombang-i-dan-ii-covid-19-di-indonesia
https://www.antaranews.com/infografik/2275510/gelombang-i-dan-ii-covid-19-di-indonesia
https://www.bbc.com/indonesia/indonesia-51850113
https://www.bbc.com/indonesia/indonesia-51850113
https://jatim.bps.go.id/indicator/12/375/1/jumlah-penduduk-provinsi-jawa-timur.html
https://jatim.bps.go.id/indicator/12/375/1/jumlah-penduduk-provinsi-jawa-timur.html

78

Enkekes, Y. B. and Mardianto, L. (2022). Metode Runge-Kutta Orde 4 Dalam
Penyelesaian Persamaan Gelombang 1D Syarat Batas Dirichlet. Indonesian

Journal of Applied Mathematics, 2(1):1.

Giesecke, J. (2002). Modern Infectious Disease Epidemiology. CRC Press, Florida,

edisi 2 edition.

Hermann, M. and Saravi, M. (2014). A first course in ordinary differential
equations: Analytical and numerical methods. A First Course in Ordinary

Differential Equations: Analytical and Numerical Methods, (April):1-288.

Holmes, M. H. (2006). Introduction to Numerical Methods in Differential Equations
(Texts in Applied Mathematics, Vol. 52),. Springer-Verlag, New York, edisi 1

edition.

Hurit, R. U. and Sudi Mungkasi (2021). The Euler, Heun, and Fourth Order Runge-
Kutta Solutions to SEIR Model for the Spread of Meningitis Disease. Mathline :

Jurnal Matematika dan Pendidikan Matematika, 6(2):140-153.

Kemenkes RI (2021). Situasi Terkini Perkembangan Coronavirus. Kementerian

Kesehatan RI, pages 1-4.

Kementrian Kesehatan. Dashboard COVID-19. https://

dashboardcovidl9.kemkes.go.1d/.

Kemkes.go.id (2020). Dashboard COVID-19. https://infeksiemerging.

kemkes.go.id/dashboard/covid-19.

Kocak, H. . and K. Hale, J. (1991). Hiiseyin Kocak, Jack K. Hale. Springer-Verlag,

New York.

Lestari, D. (2013). Diktat Persamaan Diferensial. Universitas Negeri Yogyakarta.


https://dashboardcovid19.kemkes.go.id/
https://dashboardcovid19.kemkes.go.id/
https://infeksiemerging.kemkes.go.id/dashboard/covid-19
https://infeksiemerging.kemkes.go.id/dashboard/covid-19

79

Lestari, W. (2021). Analisis Perbandingan Dua Model SEIRS Sebagai Model

Penyebaran Penyakit COVID-19. Institut Pertanian Bogor.

Meiss, J. D. (2007). Differential Dynamical Systems. Society for Industrial and

Applied Mathematics, USA.

Nurhidayati, T. and Rofig, N. (2021). Pandemi covid-19 dalam kacamata islam.

FALASIFA : Jurnal Studi Keislaman, 12:62-74.

Perko, L. (2001). Differential Equations and Dynamical Systems. Springer-Verlag,

New York, edisi 3 edition.

Putra, R. T. (2012). Kestabilan lokal bebas penyakit model epidemi seir dengan

kemampuan infeksi pada periode laten, infeksi dan sembubh.

Sasongko, S. B. (2010). Metode Numerik dengan Scilab. ANDI, Yogyakarta.

Siegel, E. (2019). Partial derivatives and the jacobian matrix. https://siegel.

work/blog/TheJacobian/. Diakses: 24 Juni 2024.

Solichin, A. and Khairunnisa, K. (2020). Klasterisasi persebaran virus corona
(covid-19) di dki jakarta menggunakan metode k-means. Fountain of Informatics

Journal, 5:52.

Suwardi Annas, Muh. Isbar Pratama, Muh. Rifandi, Wahidah Sanusi, Syafruddin
Side (2020). Stability analysis and numerical simulation of SEIR model for

pandemic COVID-19 spread in Indonesia. Universitas Negeri Yogayakarta.

Timmreck (2005). Suatu pengantar epidemiologi. EGC, Jakarta, edisi ke-2 edition.

Tomchin, D. A. and Fradkov, A. L. (2020). Prediction of the COVID-19 spread


https://siegel.work/blog/TheJacobian/
https://siegel.work/blog/TheJacobian/

80

in Russia based on SIR and SEIR models of epidemics. IFAC-PapersOnLine,

53(5):833-838.

Tri Wijayanti (2011). Pengembangan Student Worksheet Berbahasa Inggris SMP
Kelas VIII Pada Pembelajaran Aljabar Pokok Bahasan Sistem Persamaan Linear
Dua Variabel dengan Pendekatan Pemecahan Masalah Berbasis Kontruktivisme.

Universitas Negeri Yogyakarta.

Ugon, B. and Nandong, J. (2019). Stability region of integrating process based on
routh- hurwitz stability criteria. IOP Conference Series: Materials Science and

Engineering, 495(1):012048.

Wahab, W. and Subiantoro, A. (2013). Fundamental of control system stability

criterion-routh hurwitz. Lecture Note.

WHO (2022). Pertanyaan dan jawaban terkait Coronavirus. https:
//www.who.int/indonesia/news/novel-coronavirus/qga/

ga—-for—-public.

WHO (2023). Noncommunicable diseases. https://www.who.int/

news—room/fact—sheets/detail/noncommunicable—-diseases.

Wibowo, E. A. (2022). 2 Tahun Pandemi Covid-19, Ringkasan Perjalanan Wabah
Corona di Indonesia. https://nasional.tempo.co/read/1566720/
2—-tahun—-pandemi-covid-19-ringkasan—perjalanan\

—wabah—-corona—-di—-indonesia.

Widowati and Sutimin (2007). Buku Ajar Pemodelan Matematika.

Wiesner, K., Birdi, A., Eliassi-Rad, T., Farrell, H., Garcia, D., Lewandowsky,

S., Palacios, P., Ross, D., Sornette, D., and Thébault, K. (2018). Stability of


https://www.who.int/indonesia/news/novel-coronavirus/qa/qa-for-public
https://www.who.int/indonesia/news/novel-coronavirus/qa/qa-for-public
https://www.who.int/indonesia/news/novel-coronavirus/qa/qa-for-public
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://nasional.tempo.co/read/1566720/2-tahun-pandemi-covid-19-ringkasan-perjalanan \ -wabah-corona-di-indonesia
https://nasional.tempo.co/read/1566720/2-tahun-pandemi-covid-19-ringkasan-perjalanan \ -wabah-corona-di-indonesia
https://nasional.tempo.co/read/1566720/2-tahun-pandemi-covid-19-ringkasan-perjalanan \ -wabah-corona-di-indonesia

81

democracies: a complex systems perspective. European Journal of Physics,

40(1):014002.

Wiggins, S. (1990). [Introduction to Applied Nonlinear Dynamical Systems and

Chaos. Springer-Verlag, New York.

Yan, Y., Pal, K., and Ford, N. (2014). Higher order numerical methods for solving

fractional differential equations. BIT, 2.



