Source details

AIP Conference Proceedings

Years currently covered by Scopus: from 1973 to 1978, from 1983 to 1984, 1993, from 2000 to 2001,
from 2003 to 2024
ISSN: 0094-243X E-ISSN: 1551-7616

Su bject area: (Physics and Astronomy: General Physics and Astronomy)

Source type: Conference Proceeding

View all documents » Set document alert [ Save to source list

CiteScore  CiteScore rank & trend ~ Scopus content coverage

CiteScore 2023 M CiteScoreTracker 2024 ®

O 5 28,862 Citations 2020 - 2023 O 4 20,552 Citations to date
) 57,814 Documents 2020 - 2023 T 56,789 Documents to date

Calculated on 05 May, 2024 Last updated on 05 June, 2024 « Updated monthly

CiteScore rank 2023 ®

Category Rank Percentile

Physics and Astronomy

L #225/243 7th

General Physics and
Astronomy

View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢

CiteScore 2023

0.5

SJR 2023

0.152

SNIP 2023

0.291


https://www.scopus.com/source/citedby.uri?sourceId=26916&docType=ar,re,cp,dp,ch&citedYear=2024,2023,2022,2021&years=2024,2023,2022,2021&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=26916&years=2024,2023,2022,2021&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

AAREREZRTTD
EEEEPRAE
EREER PR

MpoCMOTp BEPCUM Ha PYCCKOM Si3blKe

Customer Service

Help
Tutorials

Contact us

ELSEVIER

Terms and conditions 71 Privacy policy 71

All content on this site: Copyright © 2024 Elsevier B.V. 7, its licensors, and contributors. All rights are reserved, including those for text
and data mining, Al training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.
We use cookies to help provide and enhance our service and tailor content.By continuing, you agree to the use of cookies 1.

& RELX™


https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/personalization/switch/Japanese.uri?origin=sourceinfo&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=sourceinfo&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=sourceinfo&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us
High quality Nurses research
Health professions literature
Contribute to the academic discourse by citing our impactful articles.
e-journal.unair.ac.id < OPEN
AIP Conference Proceedings
COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER
United States Physics and Astronomy American
Physics and Astronomy (miscellaneous) Institute
Universities and research of Physics
institutions in United States
< Ads by Google
Media Ranking in United States
Send feedback
Why this ad? ®
PUBLICATION TYPE ISSN COVERAGE
Conferences and Proceedings 0094243X, 15517616 1973-
1978,
1983-
1984,
1993,
2000-
2001,
2003-
2023

Enter Journal Title, ISSN or Publisher Name

H-INDEX

83

INFORMATION

Homepage

How to
publish in
this journal

confproc@ai
p.org

Download Science



https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=US
https://www.scimagojr.com/journalrank.php?area=3100
https://www.scimagojr.com/journalsearch.php?q=American%20Institute%20of%20Physics&tip=pub
https://aip.scitation.org/journal/apc
https://aip.scitation.org/apc/authors/preppapers
mailto:confproc@aip.org
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=C5K-hiKVrZoXFOoWb9fwPoMCwsAj7hZqNdv-rppS-EsCNtwEQASCQ2cd7YOmCgICQDqABtvmO4irIAQGpAlS0lqQP5dA9qAMByAPDBKoEnwJP0C6ChGAoEI72MhDEUE9DaBsyyX2PZC34EJxiq3zZQlDfmlG2dApYY7R4GbEnxZCX0jU0f7d2PJDWMlZ3mN7qJUfnu9gtAO4s0MDoJW26ZhVj3q_RV_OFY5tQhPEyrvRirICZT1R5ZA9ewFsw7LN4vEqjVlnGRThnURnC_YOEJuwMwtmGcQxK1zO3IAeZQ7wxsQNzk823lg01NF4A44HJAD0EnaNp7biRDRZbazovgR5JJ3WHa1PCwpbB2D9_LF4D_ZQyvMUHxQDZhulIxydLf_RrWsloRYn03I3yfD98zrSaYhEnKkdzjTLSajL-IyEWXsdaDzV95AJQ9tRSCz6xU2MFRdvPk_nutdhi1NNGNchOIgN7mHdWaMbi-eS0eMAEzJHS-s8EiAXk8KSNTqAGZoAHtrHfwQWoB9m2sQKoB9XJG6gHpr4bqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHr76xAqgHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAfgvbECqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggkCIBhEAEYHzICigI6CYBAgMCAgICgKEi9_cE6WOqD9PSA2oYDsQlt769dati82oAKAZgLAcgLAdoMEAoKEPCZqZ2d663jQhICAQOqDQJJRMgNAdgTDYgUBNAVAZgWAfgWAYAXAbIYCRIC6k4YZiIBAA&ae=1&ase=2&gclid=EAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE&num=1&cid=CAQSPADaQooL_XuCodEUirM58k25tTwGXfTXqHLvhTENpXw2kg3sfdXTYTiQzHS8z3zus-QI6ZmhcNj_mONBXBgB&sig=AOD64_3qPHnR2_mqkxhfcfS3TJmbVjf0uA&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://e-journal.unair.ac.id/JNERS%3Fgclid%3DEAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=C5K-hiKVrZoXFOoWb9fwPoMCwsAj7hZqNdv-rppS-EsCNtwEQASCQ2cd7YOmCgICQDqABtvmO4irIAQGpAlS0lqQP5dA9qAMByAPDBKoEnwJP0C6ChGAoEI72MhDEUE9DaBsyyX2PZC34EJxiq3zZQlDfmlG2dApYY7R4GbEnxZCX0jU0f7d2PJDWMlZ3mN7qJUfnu9gtAO4s0MDoJW26ZhVj3q_RV_OFY5tQhPEyrvRirICZT1R5ZA9ewFsw7LN4vEqjVlnGRThnURnC_YOEJuwMwtmGcQxK1zO3IAeZQ7wxsQNzk823lg01NF4A44HJAD0EnaNp7biRDRZbazovgR5JJ3WHa1PCwpbB2D9_LF4D_ZQyvMUHxQDZhulIxydLf_RrWsloRYn03I3yfD98zrSaYhEnKkdzjTLSajL-IyEWXsdaDzV95AJQ9tRSCz6xU2MFRdvPk_nutdhi1NNGNchOIgN7mHdWaMbi-eS0eMAEzJHS-s8EiAXk8KSNTqAGZoAHtrHfwQWoB9m2sQKoB9XJG6gHpr4bqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHr76xAqgHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAfgvbECqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggkCIBhEAEYHzICigI6CYBAgMCAgICgKEi9_cE6WOqD9PSA2oYDsQlt769dati82oAKAZgLAcgLAdoMEAoKEPCZqZ2d663jQhICAQOqDQJJRMgNAdgTDYgUBNAVAZgWAfgWAYAXAbIYCRIC6k4YZiIBAA&ae=1&ase=2&gclid=EAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE&num=1&cid=CAQSPADaQooL_XuCodEUirM58k25tTwGXfTXqHLvhTENpXw2kg3sfdXTYTiQzHS8z3zus-QI6ZmhcNj_mONBXBgB&sig=AOD64_3qPHnR2_mqkxhfcfS3TJmbVjf0uA&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://e-journal.unair.ac.id/JNERS%3Fgclid%3DEAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=C5K-hiKVrZoXFOoWb9fwPoMCwsAj7hZqNdv-rppS-EsCNtwEQASCQ2cd7YOmCgICQDqABtvmO4irIAQGpAlS0lqQP5dA9qAMByAPDBKoEnwJP0C6ChGAoEI72MhDEUE9DaBsyyX2PZC34EJxiq3zZQlDfmlG2dApYY7R4GbEnxZCX0jU0f7d2PJDWMlZ3mN7qJUfnu9gtAO4s0MDoJW26ZhVj3q_RV_OFY5tQhPEyrvRirICZT1R5ZA9ewFsw7LN4vEqjVlnGRThnURnC_YOEJuwMwtmGcQxK1zO3IAeZQ7wxsQNzk823lg01NF4A44HJAD0EnaNp7biRDRZbazovgR5JJ3WHa1PCwpbB2D9_LF4D_ZQyvMUHxQDZhulIxydLf_RrWsloRYn03I3yfD98zrSaYhEnKkdzjTLSajL-IyEWXsdaDzV95AJQ9tRSCz6xU2MFRdvPk_nutdhi1NNGNchOIgN7mHdWaMbi-eS0eMAEzJHS-s8EiAXk8KSNTqAGZoAHtrHfwQWoB9m2sQKoB9XJG6gHpr4bqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHr76xAqgHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAfgvbECqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggkCIBhEAEYHzICigI6CYBAgMCAgICgKEi9_cE6WOqD9PSA2oYDsQlt769dati82oAKAZgLAcgLAdoMEAoKEPCZqZ2d663jQhICAQOqDQJJRMgNAdgTDYgUBNAVAZgWAfgWAYAXAbIYCRIC6k4YZiIBAA&ae=1&ase=2&gclid=EAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE&num=1&cid=CAQSPADaQooL_XuCodEUirM58k25tTwGXfTXqHLvhTENpXw2kg3sfdXTYTiQzHS8z3zus-QI6ZmhcNj_mONBXBgB&sig=AOD64_3qPHnR2_mqkxhfcfS3TJmbVjf0uA&client=ca-pub-7636113250813806&rf=1&nb=7&adurl=https://e-journal.unair.ac.id/JNERS%3Fgclid%3DEAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=C5K-hiKVrZoXFOoWb9fwPoMCwsAj7hZqNdv-rppS-EsCNtwEQASCQ2cd7YOmCgICQDqABtvmO4irIAQGpAlS0lqQP5dA9qAMByAPDBKoEnwJP0C6ChGAoEI72MhDEUE9DaBsyyX2PZC34EJxiq3zZQlDfmlG2dApYY7R4GbEnxZCX0jU0f7d2PJDWMlZ3mN7qJUfnu9gtAO4s0MDoJW26ZhVj3q_RV_OFY5tQhPEyrvRirICZT1R5ZA9ewFsw7LN4vEqjVlnGRThnURnC_YOEJuwMwtmGcQxK1zO3IAeZQ7wxsQNzk823lg01NF4A44HJAD0EnaNp7biRDRZbazovgR5JJ3WHa1PCwpbB2D9_LF4D_ZQyvMUHxQDZhulIxydLf_RrWsloRYn03I3yfD98zrSaYhEnKkdzjTLSajL-IyEWXsdaDzV95AJQ9tRSCz6xU2MFRdvPk_nutdhi1NNGNchOIgN7mHdWaMbi-eS0eMAEzJHS-s8EiAXk8KSNTqAGZoAHtrHfwQWoB9m2sQKoB9XJG6gHpr4bqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHr76xAqgHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAfgvbECqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggkCIBhEAEYHzICigI6CYBAgMCAgICgKEi9_cE6WOqD9PSA2oYDsQlt769dati82oAKAZgLAcgLAdoMEAoKEPCZqZ2d663jQhICAQOqDQJJRMgNAdgTDYgUBNAVAZgWAfgWAYAXAbIYCRIC6k4YZiIBAA&ae=1&ase=2&gclid=EAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE&num=1&cid=CAQSPADaQooL_XuCodEUirM58k25tTwGXfTXqHLvhTENpXw2kg3sfdXTYTiQzHS8z3zus-QI6ZmhcNj_mONBXBgB&sig=AOD64_3qPHnR2_mqkxhfcfS3TJmbVjf0uA&client=ca-pub-7636113250813806&rf=1&nb=1&adurl=https://e-journal.unair.ac.id/JNERS%3Fgclid%3DEAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE
https://www.googleadservices.com/pagead/aclk?nis=4&sa=L&ai=C5K-hiKVrZoXFOoWb9fwPoMCwsAj7hZqNdv-rppS-EsCNtwEQASCQ2cd7YOmCgICQDqABtvmO4irIAQGpAlS0lqQP5dA9qAMByAPDBKoEnwJP0C6ChGAoEI72MhDEUE9DaBsyyX2PZC34EJxiq3zZQlDfmlG2dApYY7R4GbEnxZCX0jU0f7d2PJDWMlZ3mN7qJUfnu9gtAO4s0MDoJW26ZhVj3q_RV_OFY5tQhPEyrvRirICZT1R5ZA9ewFsw7LN4vEqjVlnGRThnURnC_YOEJuwMwtmGcQxK1zO3IAeZQ7wxsQNzk823lg01NF4A44HJAD0EnaNp7biRDRZbazovgR5JJ3WHa1PCwpbB2D9_LF4D_ZQyvMUHxQDZhulIxydLf_RrWsloRYn03I3yfD98zrSaYhEnKkdzjTLSajL-IyEWXsdaDzV95AJQ9tRSCz6xU2MFRdvPk_nutdhi1NNGNchOIgN7mHdWaMbi-eS0eMAEzJHS-s8EiAXk8KSNTqAGZoAHtrHfwQWoB9m2sQKoB9XJG6gHpr4bqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgHr76xAqgHmgaoB_PRG6gHltgbqAeqm7ECqAeDrbECqAfgvbECqAf_nrECqAffn7ECqAfKqbECqAfrpbECqAfqsbECqAeZtbECqAe-t7ECqAf4wrECqAf7wrEC2AcB0ggkCIBhEAEYHzICigI6CYBAgMCAgICgKEi9_cE6WOqD9PSA2oYDsQlt769dati82oAKAZgLAcgLAdoMEAoKEPCZqZ2d663jQhICAQOqDQJJRMgNAdgTDYgUBNAVAZgWAfgWAYAXAbIYCRIC6k4YZiIBAA&ae=1&ase=2&gclid=EAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE&num=1&cid=CAQSPADaQooL_XuCodEUirM58k25tTwGXfTXqHLvhTENpXw2kg3sfdXTYTiQzHS8z3zus-QI6ZmhcNj_mONBXBgB&sig=AOD64_3qPHnR2_mqkxhfcfS3TJmbVjf0uA&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://e-journal.unair.ac.id/JNERS%3Fgclid%3DEAIaIQobChMIhan09IDahgMVhU2dCR0gIAyGEAEYASAAEgJ1dPD_BwE
https://www.scimagoir.com/rankings.php?country=USA
https://www.scimagomedia.com/rankings.php?country=United%20States
https://www.scimagojr.com/journalrank.php?category=3101
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsv14yxgtQUcgYaECUuiw4cSrjJo1nBnf4AFWJjqsONVGqny6OrDtfsSOVH9_LtttraiSHCtUXEKNBp_zr2NnlIb5okavCGF54-yLbQd6hHptVyFn94yzvoOB04Rb0_MD2VSE9gqpAYa55___kjsPoB5mzNp-JDgZdfHtRlSlY5Lui0GTYDPXBnRipCxkatKQWUFsG1PDg2ANdQ_EGzwoibJRA7m3jqPG41yTk0ym09zgW6hrB2BOE2bu-WuX5HdSZGyhmgaCOqbU8P1EtuT7ihu_iBON83dVZFhr7FOnY7Nwq96Wk3ntwP-K8FDUZGvQEp-4STXKioQXU3bbfUWNNU4qN_-4XpZdOf_cEQktbCVmN5qTNQ9Idy-2HOp-LmxzfHCJ772uSU546XtayqRBhF15kRXmYYe0_OQnqm-m_37xD5lBrGvZT9gWnX6Yx1-e8urOYXRJKjh6oOtBZjBxcfxPIP2gqFTUBfI9aPhQ2kLArg8pDFMb39_BX8szAlmHB0F3x2iXjySXVRFzjOQSI3LuOmwxqJxYMwYq9cSFbarZgksSXWhTmiIm8A_vouCY3_Z86--K1Wp3FkdQUGIHGsZ9d4jE-OlwIHtHol8EOWl7BrtV5w1rp1Xs5838yyZ2-Jgmo75peOIZ_B4X16soKJvy9Xy_OftXfSQgyFjeZUTgRhjMWS7gaJoGUdGObSf-Lb4Bq0M2yYzilwCPTEwchrY86NSa6S4WwbNOcBRpa-KxOWa_eW2wSieH7jf-KtBlMJ7TtOZ4ytOSEMz7f3j2muAZPqb5_sraixez59fGsMgpOzkiqN1-7POA3O3f0VAkry75YsQ9yFobi5q5C_bdsEqo5XSwvF1yxWqO2Vekb7GNPeunjcgII_WWTxMrEunCdS5xQZ3nWcWFX672f1P7d7EzMXQYzxG40LnMYEj7R21TeXjIboqtAPMxuR35oIE8qBccKQBlTRELrzISa1hUlRhGfcsyEAxxVoCqFlEP3-E4kEGVGNLhktICPATkNNgbP4ZVsSo_RZQa5hnw2sn1e2coIl3vr49UK-l6cGczXrT0I6wyrMN1p7XzhHDW7OS3opom0Jfd5Dq2U9wlhLkvP_tNRBDWZd9cQYTXEmUzUbwOTuokLbhP1qVmvHL9263IIhJhmilBKGkNt_p8yzW_83dnxKQSE59t860aZyB0e2zb3ciiixjQTD1ZlHatSGeL3gX4Rof2TP1aFWMCHyDTnbsjTV4GpjUsza0H8CmWHbP3AM03iNCISMAcEzVEKNO8j5pIQEgbZ_84-IVq53AQpFdkAJS--XCSlorz8tDk0gaktG1G6GDFuXwaK684EVAG5zyjqAgWZyOcVdnnCQ_o9PshG4GHyItx0z0G_Wg6qe9mZiGJjKz2TWLlX85TCUfPeC1kTPvD9ob82tZAIDNC-YthMpjs9LbG6DBUQsJn_POIGY_onbmiW9nMRN9xE8Jl3l8fjjuG38A60Jir_XkrT_krZ3n8dU3JXPIg8mWIg4bLDIX-3JOOQP2zqLgvgIS70yP89sDHl1DapLWkVsc8A&sai=AMfl-YQxLGP1Dt29YXl6AltPf4vte8HzQhj4gnOnzqdgzroiTqaA1wdOXtOm3t2cDOFZ_x4fRfB9y2SMeau7DQSJ6cItIve-s4i5Zv8SLIb0KzMRGEqYt150DG3_UH923hgJPolIncmshkiMHByBcIZe9VMWu6rGF3UJLGR4X0vG4jYFr7t9qm-kmmuuXaZcWAbP-RWL0ifDezw6IrJkpnXSpAHO-Ea16p4DPRvKICcqcRF05yALFwfV2htWyjY5-QSOQXyD-1kimyhElZbyWBZCwi7fVf5Uyd9wym2vCNNr0iRd&sig=Cg0ArKJSzEJfg2SxD6uK&fbs_aeid=%5Bgw_fbsaeid%5D&urlfix=1&adurl=https://www.sigmaaldrich.com/GB/en/products/analytical-chemistry/reference-materials/certified-reference-materials%3Futm_source%3Ddbm%26utm_medium%3Dcpm%26utm_campaign%3DMRK_SLS_2024_WW_Application%2BDriven%2BDisplay%2BCampaign%2BAnalytical%2BChemistry_Paid%2BMedia_eCommerce%26dclid%3D%25edclid!
https://adssettings.google.com/whythisad?source=display&reasons=AUpiJ5Rbp1S-TZqU_CicuHw6DPij00vU6NVtTCn2KC0CeHa7qVfqjXIB7vQGto7yTNRAMuhQYnU2x3vrefANK36rHymiA5Og7UNMAMGMtJeq3YvIM9ekj7_CwBF5cceP3kqozLjQJlTshXq7nsTZZsJsp0eK2XG2k5TWhnF10HkARLBs0buswp5zjNODVOeD72BdAoSfAWUCAuQODbmcPIZGbVHE2AHRNLjH4Q21dd_6xeT1Y3RpxNQw4BNVud2U2N2W-fRwjFghH_qHQ9XHMLpJNSng80iIsAPMZgPoT4Tk8-0rUhSyGxMPb8fUA6YGmjT9V0Hxin1l1kxO81H2BEQwAP48bLZOfdujZ-ng2Rd7rYEJUptPZZJYRIG-dN0snVibCrMVjR6Va7Jm65v6KTCawFQrwbWS8yZfjd1K4LJKM0-14zXPaoAhI83yNxNRfl_WFxWNO-TSmXcX8iigVEXh9n2BBIO33x0_csD6wCCYzgqR3N8jJ_8srl-Z4OjAMQcfy3D0YMFEU_UVQnQD2-McDt6wgTqrqwoU6_VZe8ZFQ8RtfJa6pPuYrC3jUSOC-_nS6DBWZ0BTdUKkGDqsw2j_ek0Um18K_FuHTsvXYR8SaKtPAACMazx2_Ey6XGXQZ02sdQ5-4YXg1ehVC6Y8dmeubMMR_j7AcdNTk27cwUviYJUQGj1e-pLaIoEfhs-WOrnDQEqKrJ9PUk07yvDE2fqSHlSUFuBsDXB5Wuddp5Bf2u5qkeMD-Qi0kQvrVcc8irb7mV1WSIf0K97KMw840zYuR7yOt2irZZmMGvT9o5D9cZlUSQutvuyWgtGGKqn6NRHNt_1u9chw9Ody16LU-hKWwnqN1HxH5KHblrJZv_vIPw2ax31dUTvZnLhK-XZCsNC2EI9vwMNb7ycsVfTezVez-7cZhemRWU3C9jLICCrRXQj3UaC9YT6W7aFut303lJk8DxI3QNXk1G7cTt3NG2BY4zzpPEyfcUqIQzrdtt1LXZl40-DHdN_TSnS0jCuHBOi6vORjlLXpqO9nlEss4y4306CUnrJAXuM9HtbIkrWVPYaX9NmVilULNvtIW-gGD4pF_bvMnTze2w4_bBsi6t43KlnC1jzwQDHVGfyLXFl2cX6oWqrohu3wOZ5ByPtG2_WLmRgOcPIBok0CoZjkoRTQXbXGZCyitnlqQXOiokYX899ZP_op1yZV2h8Bx7odDYzZZNpk18EkPlhnhCHwPsYoOLVg-KGnkUiy-sZUCnp7XG0B3EtIftCiHH368wZAcjbOLYg63TIAE0Lr5AI16usUJQs7q1BW6enNCzVVWRAWgDTg-mJmei48nxl7hh9mH3QhHKlzg1xdTDFmFxXSERnTM2bKcsfRneItM4VDFT0jeSdLkl0q1aKki6xFfkqdI6iZJ4Oavogv62MMtVfqhSBdP7Whcui40iprotf8qXQD-ytE0DopnicYpfb4WOdfZr19hHe9h9AtnhZH_VUI1-lYQOCdAv4CsPUfAXZcWR8nkzPj10CWHMyMBT0eadvZtf_tQqsRh3ThZWnat_DDvaG9xnaVs5PcjhiGm5OEvEtJL8xjI0ErlvFHHLoXWfTwvIwXrbSGRhtzMX4ukEWdVoyfDL3ziS3jejd1pK8kdri0t8zqbR8VDXt6VhibaQUoxBAbaKXAVrEiBd_yRoY7pYlhJOneTl7eTN66qWPL8K82kDZwQBMxiwD1qP7UB1BnCWp61H_-y6VJi-6S4nVXqmChZvClYAZOLX10b9zruzpx9mTCOLAH-xOHr6Gwv77x1m3TYXXTBI-uXf_uuFjE6hknR2VDexKpm6dVvtoe1NvJySkv_qsQojzDVA4WdcLPTyC748wMZk0&opi=122715837
https://www.scimagojr.com/
https://www.scimagoir.com/
https://www.scimagomedia.com/
https://www.scimagoiber.com/
https://www.scimagorc.com/
https://www.graphica.app/
https://www.scimagoepi.com/
https://www.scimagolab.com/

Certified
Reference
Materials

SCOPE

Today, AIP Conference Proceedings contain over 100,000 articles published in 1700+ proceedings and is growing by 100 volumes every
year. This substantial body of Q scientific literature is testament to our 40-year history as a world-class publishing partner, recognized
internationally and trusted by conference organizers worldwide. Whether you are planning a small specialist workshop or organizing the
largest international conference, contact us, or read these testimonials, to find out why so many organizers publish with AIP Conference
Proceedings.

Q Join the conversation about this journal

SJR AN Total Documents A
0.24 40k
0.18
20k
0.12
0.06 0
2001 2004 2007 2010 2013 2016 2019 2022 2000 2003 2006 2009 2012 2015 2018 2021
Total Cites Self-Cites \Q Citations per document \Q
18k
0.45
9k 0.36
0.27
0
2000 2003 2006 2009 2012 2015 2018 2021
0.18
External Cites per Doc Cites per Doc W
05 0.09
0
0.25
2000 2003 2006 2009 2012 2015 2018 2021
0 Cites / Doc. (4 years)
Cites / Doc. (3 years)
2000 2003 2006 2009 2012 2015 2018 2021 @ Cites/ Doc. (2 years)

% International & Collaboration AN Citable documents Non-citable documents R


https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsurhcJh5RFaLx5niInaGBzcYoXKLrzm02VKESMLoEW4QoIJwTRBu-UU34cxsVIZjbUlZrwgxj2UYLIWPphW-16xYE6LbwM4apGam3iYtNrL-yTUcxYSWT6KyRtMU55O3NfTT8AD5NBtAIZEE3Hqn034JrTl_VpYtWH4UOGd4kQG2zIaKNqiu_nCq6aLfdCI0iHqbVk7cNIxcrvT3-pMN50BZ-SXz_PhEwpd3Cs1bT69zOELnCBF11LNHm-5fiWwEcoMXrUiPGBRQMyPK2gjkJJy9o-9TyqrAC5AC9GeJr8BmBAtneGPKB1YFdyLjZz_Al2raX-teX6wYgbTKZaOh6MDH1bq41yh2w-scn1zWXkJUNtIVKeVNiR84vRMJXmD0ELViAe2AidpHAnKAkCo7dCgDfcIfB7hINB7vyxpGppQFHwzb5hw3MuYcJ6_E-Hx9vL0W7hbTeI_HgBBB54VRDe2BCD5ZlB4sbmnRlNp5pEJuP1rsnZf-_A0fbMO_eXI2ZjbAYjdpZSD1-GmtlG6xodWDWztmb2_kC3Zv5MdS10riPOARTN5_1DPY2QINuXWicNcE577KPz_MQ_ZHsneVTLNdG6DRh8hJH8zt-fNEFExLOJHfbS9JqP7kSKjI5DteMhmIu6f6Tgn6mz8v3K3oOhR_YfM00pi_KKFZmif28DcTmLRyAqO8uyvVic_ynsc__P8sVwI0KnTeZzss7bvVViECkPVYxZ3ksvAPpdGDWeIxK-uWd2-cGf-zqgJhFCHUulBz0OzNEMDMympEqUWFAfkw7XPuVFzz0yHeNMzSZEv4T9ZU6rECH6Q2T684jMNOu2LrZV5Hxv-d-_nt_38hCsvzfEEUE3_-W-IoWv6Ac7quhoaL92kDmg1UA860VruL18kvJ1ggIA3eGHP_1VjvhnmdLrIey97arPvQj5Qw_AEEacc2EZEmp8FmzpfVf5Fx7unEQjLExORcMToZYRvcxUYzVvKSRJbIa_GdwkA-OAXqa-7MEjTtn86j7tC5-6O-OYsA4AKW-6ocG77YfweGaspk43cNPuDgOrI8xndS5om5NQRQR7-IBINeIZaJJK241Dq1lu64FhO5StscfW-pWObDbmkyNw5JMDwTZ4rJpIdXVvbe76bi43WwawKH0yeVNwgwUf_Ps15rHQJSYkiDMPmvYiYnGT8ZD1md7yoRJkwwwZM_fJZ9ecPjuX0hA-nziOv9CkzyZLiaaVhzIj5p8vepd9YOeCVPNVMfdiT1DjjnCBhU--3eKehcuDWcauAitS-mi6zgi_XI3PBiD35qvcQ8R9VEKcn4obxPYXZyLmHOIiLhvO62WX7izkpjBLgermc2ximqSnLZbNegxwiwT2z3byx9wObrK7gtFTd3tWffFIxb9ErkBurXRGfsCYzri9qA74HiUKR9YOWjfY_BlIlYIQeFDpb_ft78LgqpbwTBwnbhJtCBNCIdRqBY5Qx3VJ43cJDlhRmlktDF9Cil6tXOIS2oq9jccJDXskkQvccDJ2g8OHWh_lgb83Egd_rRwoK7z9Iby5YnM0FaLdNLg&sai=AMfl-YR7rM7bdlMULiSZknyaeGG9dGJMAPfp01BHyWS884ash9Bycp1iDLKXa-jMemTcJJ7DHsYaQnqxDjZBtbAgxJIFQAmFKZoVoX9g7covns91sx3f72oB238kAWp5kUX6rAk7jy2XMHCf0P5yQLnhlxp6cuUlgMHd_9_HmAQerVSKqWm7OwYutlWpXdihy8jcKAfR_rhd3tsaBcdM9-1dBAss-yosWpK4Zk8zNVwpUx2WE6_-5iH-OT-pOc-TzrOJ10GtDa-bOlVbWeL0URpWCZcV1PwW6bN2RW8DqJyXzKyy&sig=Cg0ArKJSzMU5cuW-zbA4&fbs_aeid=%5Bgw_fbsaeid%5D&urlfix=1&adurl=https://www.sigmaaldrich.com/GB/en/products/analytical-chemistry/reference-materials/certified-reference-materials%3Futm_source%3Ddbm%26utm_medium%3Dcpm%26utm_campaign%3DMRK_SLS_2024_WW_Application%2BDriven%2BDisplay%2BCampaign%2BAnalytical%2BChemistry_Paid%2BMedia_eCommerce%26dclid%3D%25edclid!

40

20

R e

Cited documents Uncited documents

40k

20k

0
2000 2003 2006 2009 2012 2015 2018 2021
Documents cited by public policy (Overton)

AN

100

2000 2003 2006 2009 2012 2015 2018 2021

« Show this widget in
your own website

AIP Conference Proceedings

Not yet assigned

quartile Just copy the code below
and paste within your html

code:

S|R 2023
0.15 I <a href="https://www.scima(

powered by scimagajr.com

40k

20k

% Female Authors

40

20

2000 2003 2006 2009 2012 2015 2018 2021
Documents related to SDGs (UN) EAEEE
12k

8k

4k

2018 2019 2020 2021 2022 2023

G SCimago Graphica

Explore, visually
communicate and make
sense of data with our
new data visualization
tool.

Metrics based on Scopus® data as of March 2024

D Dr. Arun Raja R.D.

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

1 month ago

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

reply

Y
(N N
\\((O;, Melanie Ortiz
Dear Arun,

1 month ago

Thank you for contacting us. Please see comments below.

Best regards, SClmago Team

Y Yazeed Alzahrani

4 months ago

Download Science



https://www.graphica.app/

AIP Conference £ Publishing
Proceedings

Volume 3074

The 7th International Conference

on Science and Applied
Science (ICSAS 2022)

Surakarta, Indonesia * 21 October 2022
Editors ¢ Budi Purnama, Dewanta Arya Nugraha and A. Suparmi

ICSAS!

International Conference
on Science and Applied
Science 2022

Available Online: pubs.aip.org/aip/acp




Committees

Adwisory Board

1. Assoc Prof. Mohsen MM Farahat, Central Metallurgical Eesearch and Development Institute,
Cairo, Cairo, Egypt

Prot. M A=zz, Tokyo University, Japan

Prof. Madya Ts. Dr. Mohd Khairul Bin Ahmad, Universitt Tun Hussein Onn Malaysia
Hendn Widiyandan, Universitas Sebelas hMaret

An Handono Famelan, Universitas Sebelas Maret, Indonesia

Cart, Unmiversitas Sebelas Maret, Indonesia

Harjana, Universitas Sebelas Maret, Indonesia

Suparmi, Universitas Sebelas Maret, Indonesia

00 =1 o Lh B L 1D

Chairman
Budi Furnama, Universitas Sebelas Maret, Indonesia

Organizing Committee

Agus Supriyvanto, Unmiversitas Sebelas MMaret, Indonesia
Ahmad Marzula, Universitas Sebelas Maret, Indonesia
Artono Dwije Sutomo, Universitas Sebelas Maret, Indonesia
Budi Legowe, Universitas Sebelas Maret, Indonesia
Dewanta Arya Nugraha, Umiversitas Sebelas Maret, Indonesia
Fahru Nurosyid, Universitas Sebelas Maret, Indonesia

Fuad Anwar, Universitas Sebelas Maret, Indonesia

Hendn Widyandan, Umiversitas Sebelas IMaret, Indonesia
Iwan Yahvya, Universitas Sebelas Maret, Indonesia
Ehairuddin, Universitas Sebelas Maret, Indonesia
Eusumandan, Universitas Sebelas Maret, Indonesia

IMMohtar Yunianto, Universitas Sebelas MMaret, Indonesia
Muryani, Universitas Sebelas IMaret, Indonesia

Fisa Suryana, Universitas Sebelas Maret, Indonesia

Utar:, Universitas Sebelas MMaret, Indonesia

Yotentina Inan:, Universitas Sebelas Maret, Indonesia

o s 0 00 =) G L B L) LD

—
A R

Organizer

Physics Department, Faculty of Mathematics and Natural Sciences,
Universitas Sebelas Maret, Indonesia

Tirer A faternalional Confrvence om Saoror and Appilicd Soiomce ((O5AS 2002 )
AP Conl. Proc. 3004, 010002 T4 HMEEE- 1, Ritps:dodan 101G 3012 2023
Fublisbod under an cvclmnc bocmse by ALF Publshing. S7R-0-7 35 =44 0-47% 30 00

1o002-1



Preface: The 7th International Conference on Science and
Applied Science (ICSAS 2022)

The 7% International Conference on Science and Applied Science (ICSAS 2022) was the sixth
conference which was orgamzed by the Physics Department, Universitas Sebelas Maret On this
occasion, the ICSAS 2022 was held wirtvally on 31 October, 2022, due to the COVID-19
pandemic. The ICSAS 2022 conference 15 aimed to bring together scholars, leading researchers,
and experts from diverse backgrounds and application areas in science Special emphasis is
placed on promoting interaction between the science theoretical, expenimental, and other topics
related to physics.

In ICSAS 2022, there are 8 parallel sessions and four keynote speakers. The keynote speakers
are Assoc. Prof. MMohsen IM Farahat from Central IMetallurgical Eesearch and Development
Institute, Cairo, Cairo, Egypt; Prof. M. Aziz from Tokyo Umiversity, Japan, Prof Madya Ts. Dr.
IMohd Ehairul BEin Ahmad from Universitt Tun Hussein Onn Malaysia, and Dr Eng. Hendn
Widivandan from Universitas Sebelas Maret While for the conference participants, there1s 131
participant which was submitted abstract via the conference system. Then, the 112 full papers
have been submitted from the participant, and after the reviewed process, 83 papers have been
presented 1 the ICSAS 2022 And then for the final decision, 49 papers published in ATP

Conference Proceedings.

We would like to thank all of the participants attending this conference and also to the committee
for their contnnbution to this high-level conference and its overall success. We also would like to
thank the reviewers for their positive contribution to maintain the quality of the articles presented
at this conference

Editorial Boards
Budi Purnama (Editor in Chief)
Dewanta Arya MNugraha

A Suparmi
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Abstract. We describe an existing co-dynamics model of the spread of malaria and COVID-19. Mathematical model can
be used to find strategies to control the spread of malaria and COVID-19, so that their spread can be minimised in a
population. The mathematical model we use is of the type of the SEI (Susceptible-Exposed-Infected) model for malaria
and COVID-19 co-dynamics. For this model, we have three compartments of the human population and three
compartments of the vector population. The compartments are based on S (Susceptible subpopulation), E (Exposed
subpopulation), and I (Infected subpopulation). Solutions to this mathematical model can be obtained using numerical
methods. We use the third-order and the fourth-order Runge-Kutta methods to solve the co-dynamics model. From our
simulation results, both methods perform quite well. The fourth-order Runge-Kutta method theoretically has a higher
accuracy than the third-order one. Our simulations in this paper confirm that, when solving the SEI model of the spread
of malaria and COVID-19, the fourth-order Runge-Kutta method performs better than the third-order Runge-Kutta
method.

INTRODUCTION

Infectious diseases are still a big problem in public health because they are one of the main causes of death in the
world including in Indonesia. There are many types of infectious diseases until now that require special treatment;
this includes malaria and COVID-19. Although their modes of transmission are distinct, both diseases exhibit
similar symptoms like fever, headache, and muscle aches. The impact of the disease is dangerous and will be fatal to
humans when someone has been infected with COVID-19 and got malaria or vice versa. Malaria is a disease caused
by the bite of a female Anopheles mosquito with the genus of parasites Plasmodium, where the parasite enters and
settles in the human liver organs, then infects red blood cells [1]. Four parasitic species that cause malaria in humans
are Plasmodium falciparum, P. vivax, P. malariae, and P. ovale. One of the most common causes of malaria and the
leading cause of death is the species Plasmodium falciparum. Transmission and spread of malaria are not only
through mosquito bites but through organ donors, blood transfusions, the operation of syringes, and infected fetuses
from their mothers [2, 3]. The spread of malaria has three factors, namely humans as hosts, the presence
of Plasmodium in the body of female mosquitoes as agents, and the environment as a place of longing and resting
mosquitoes or vectors [4]. Malaria has an incubation period. At the time of the bite, a mosquito infected with the
genus Plasmodium falciparum requires an incubation period of 9-14 days to cause the disease, while other types
of Plasmodium require a different incubation period [5]. The causes of spread, the number of malaria cases, the
incubation period of malaria, and symptoms due to malaria infection are also explained in several studies [6-9].

Furthermore, a brand-new respiratory illness that began in Wuhan, China, shocked the world at the end of
December 2019 [10, 11]. This disease spread to most countries in the world in a short period, so the World Health
Organization (WHO) considered this disease a global problem which came to be known as COVID-19 or
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Coronavirus disease [12]. COVID-19 is an infectious disease caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). Coronavirus causes respiratory tract infections ranging from cold cough, Middle
East Respiratory Syndrome (MERS), and severe acute respiratory syndrome, called Severe Acute Respiratory
Syndrome (SARS) [13, 14]. Since March 2, 2020, COVID-19 has spread in Indonesia [15]. Transmission of
COVID-19 can occur directly or indirectly through saliva, respiratory tract, and droplets released when an individual
infected coughs, sneezes, talks, or sings [16]. When a susceptible individual to the disease encounters an individual
infected with COVID-19, the person is not immediately infected with the virus, but becomes exposed to COVID-19
and requires follow-up health checks such as the swab test. There are two possibilities for a person exposed to
COVID-19, namely negative or positive to COVID-19. Data on cases of the spread of COVID-19, symptoms due to
Coronavirus infection, causes of transmission, and incubation period are also explained in several studies [17-22].

The COVID-19 pandemic has made the government impose mobility restrictions so that it can have an impact on
health service programs and malaria control [23]. An individual exposed to or infected with COVID-19 does not
rule out the possibility of being exposed to or infected with other diseases such as malaria and vice versa [24]. These
two diseases can coexist to affect and worsen human health, as in the case of co-infection, where a previously
healthy young man was later diagnosed with COVID-19 and infected with malaria [25, 26]. This case includes the
co-dynamics of the spread of the disease, which is increasingly widespread at any time with a fast transmission rate.
Therefore, we need a way to control the spread of malaria and COVID-19, one of which is in the field of
mathematics by compiling a mathematical model called the epidemic model. Mathematical modeling helps a person
to be able to understand and identify the relationship between the spread of malaria and COVID-19 with various
epidemiological parameters and predict the rate of spread of malaria and COVID-19 in the future, so that it does not
become more widespread.

During the incubation period of malaria and COVID-19, the population into exposed subpopulations. Several
studies have discussed and developed a mathematical model for the co-dynamics of the spread of malaria and
COVID-19 or other diseases with various models [27-33]. In this study, we chose not to involve the presence of
vaccination, so the appropriate mathematical model for the co-dynamics of this epidemic is the SEI model
(Susceptible-Exposed-Infected). We solved the co-dynamics of the spread of malaria and COVID-19 by using
numerical methods, namely, Runge-Kutta methods. Runge-Kutta methods are numerical methods used to solve
initial value problems in linear or nonlinear ordinary differential equations by achieving the accuracy of the Taylor
series approach without requiring higher derivative calculations [34, 35]. There are several types of Runge-Kutta
methods, namely the first-, second-, third-, fourth-, fifth-, and higher-order Runge-Kutta methods [35]. Thus, we
decided to use two types of Runge-Kutta method, namely the third-, and the fourth-order Runge-Kutta methods, to
solve the SEI model on the co-dynamics problem of the spread of malaria and COVID-19, because these two
methods are quite popular and known to be sufficiently accurate.

EXPERIMENTAL DETAILS

The mathematical model for the co-dynamics of the spread of malaria and COVID-19 is the model developed
in [36]. We use two numerical methods to solve the SEI model. Both of them are the third-order and the fourth-order
Runge-Kutta method. Then, we use the MATLAB software for numerical calculations.

SEI Model

The spread of malaria in the SEI model has two populations. There are human and mosquito (vector)
populations. The human population in the SEI model for co-dynamics of the spread of malaria and COVID-19 is
separated into nine groups, namely Susceptible individuals (Sj), Exposed to malaria only (E,,), Exposed to
COVID-19 only (E;), Exposed to malaria and COVID-19 (E,,.), Infected individuals with malaria only (I,,),
Infected individuals with COVID-19 only (I.), Infected with malaria and exposed to COVID-19 (ImEC), Infected
with both malaria and COVID-19 (I,,,.), as well as Infected with COVID-19 and exposed to malaria (IcEm).
Meanwhile, the SEI model for vector populations consists of three groups, Susceptible mosquitoes (S,), Exposed
mosquitoes to the malaria parasite (E,), and Infectious mosquitoes (I,). In this case, the groups I, I¢, Imp,, and
I¢g,, of those who have recovered will be Susceptible individuals again, meaning that an individual is to be exposed
to or reinfected with malaria and COVID-19. Our study assumes that there is a group’s self-protection against
COVID-19. Unlike the human population, the SEI model for vector populations already infected
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with Plasmodium will not recover but will be alive to be infectious mosquitoes or die naturally. Tchoumi et al. [36]
have formed a system of non-linear differential equations to model the spread of malaria and COVID-19 as follows

ds,

d_th =Ap + wply + 0l + 0pelpe — Ay + A + 1S,

dE

d_;n = Amsh - (Ac + ¢m + :U)Ema

dE

d_tc = )LCSh - (Am + ¢c + .U)Eca

dE

Tmc = AcEm + AnEe = (Pme + W Ennc,

dl

d_*tn = PmEm — (8¢ + W + W,

dI

O e~ (A + 0+ L,

i (1)
mkte

T = 52.(:17”_ - (O' + #)ImEca

dI

drzc = almE,; + dmcEme + yICEm = (@me + e,
IEm

# = Elmlc - ()/ + ,u)lcEm’

ds,

d_tv = Av - (/11: + .uv)sm

dE

dtv = /11751/ - (¢v + #V)E‘U’

al, E — ()l
dt_d)vv Uy )iy,

with initial conditions
$,(0) =0, E,(0)=0, E.(0)=0, E,.(0)=0, [,(0)=0, )
160) 2 0, Iz, (0) 2 0, Le(0) =0, Iy (0) = 0. @
Equation system (1) corresponds to the schematic diagram illustrated by Tchoumi et al. [36]
In addition, the process of transmitting malaria in the mosquito (vector) population is shown as compartment
diagram for the SEI model’s mosquito component figure by Tchoumi et al. [36]

The description of the variables of equation system (1) for human populations (host) and mosquito populations
(vector) from the SEI model is listed in Table 1.
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TABLE 1. Variables of the SEI model

Variables Description
Human (host):
Ny, Total human population
Sh Susceptible human subpopulation
En Exposed individuals to malaria only
E, Exposed individuals to COVID-19 only
Epmec Exposed individuals to malaria and COVID-19
Ly Infected individuals to malaria only
I. Infected individuals to COVID-19 only
I, Infected individuals with malaria and exposed to COVID-19
Lne Infected individuals to malaria and COVID-19
Ieg,, Infected individuals with COVID-19 and exposed to malaria
Mosquitoes (vector):
N, Total vector population
Sy Susceptible mosquito subpopulation
E, Exposed mosquitoes to the malaria parasite
I, Infected mosquitoes with malaria
TABLE 2. Parameters of the SEI model
Parameters Description
Human:
Ap Host population recruitment rate
bdm Transfer rate from exposed to infectious malaria state
b Transfer rate from exposed to infectious COVID-19 state
Dme Proportion of individuals transferring to the co-infection I, class
W Rate of recovery of the malaria infected individuals
W, Rate of recovery of the COVID-19 infected individuals
Wine Rate of recovery of the malaria and COVID-19 infectious individuals
u Host population death rate
) Enhancement factor of acquiring COVID-19 following malaria infection
€ Enhancement factor of acquiring malaria following COVID-19 infection
o Infection rate of COVID-19 of individuals already infected with malaria
y Malaria infection rate of individuals already infected with COVID-19
K Proportion of individuals employing personal protection
4 Efficacy of personal protection
b Number of female mosquito bites per day
Bm Malaria transmission probability per mosquito bite
Be Transmission probability of COVID-19 per contact
Am Forces of infection from malaria
Ae Forces of infection from COVID-19
Mosquitoes:
Ay Vector recruitment rate
bdm Transfer rate from exposed to infectious class
Uy Vector natural death rate
By Transmission probability in vector from infected humans
Ay Forces of infection from a bite of the malaria parasite

Furthermore, the description of the parameters of equation (1) for human populations and mosquito populations
(vector) from the SEI model is listed in Table 2.

In solving the SEI model of equation system (1) and both compartment diagrams for the co-dynamics of the
spread of malaria and COVID-19, we choose two methods to obtain solutions, namely the third-, and the fourth-
order Runge-Kutta methods.

Third-Order Runge-Kutta Method

Consider the initial value problem dy/dx = f(x,v), y(xy) = xo. Triatmodjo [37] wrote the scheme for the
third-order Runge-Kutta method as follows
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Yios = yi+ g by + 4k + kDb, ®
where h is the step size of the free variable and
ky = ];(xi,yl'),l
k2=f<xi+§h,yi+§k1h>, 4)
ks =f(x; + hy; — kih +2k,h).

We take into account the initial value of each subpopulation Sy (1), Em1), Ec1)s Eme(1)> Im)> Le(r)> Ime.1)
Imcys Leem@)> Sv) Evys Iv), and Npy from S;(0), Ep(0), Ec(0), Epc(0), 1, (0), 1:(0), Img,(0), Imc(0),
Ieg,, (0), S,(0), E,(0), I,(0), and Nj,(0), respectively, the third-order Runge-Kutta method to solve the SEI model
(1)is

1
Sha+1) = Shay T g(klsh + 4k, + ks, )h,
1
Eni+) = Em@y + g(kwm +4kyg, + kag, )h,
1
Ecisy = Ecqpy +lg (kig, + 4kzg, + kg, )h,
Emci+1) = Emey T 3 (kig,,, + 4kzg,,, + ksg, )R,
1
b iy = Iy + ¢ (kapy, + 4kar,, + kap, )R,
1
le vy = Tey + g("uc +4ky, + k3 )h,
1
ImEC(L'+1) = ImE,_-(i) + g(kumEc + 4k21mEc + k31mEc) h,
1
Ineiivr) = ey + 3 (Kap,,, + 4kar,, + kap, ).
1 (5)
lcEm(i+1) = lcEm(i) + g (kucEm + 4k21cgm + k31c5m) h,
1
Syi+1) = Svay § (k1sv + 4kys, + kas,,)h,
Eyivy = Evy + g(kwl, + 4kyg, + kg, )h,

1
Ly = Ly + g(ku,, + 4kyy, + ksy, )R,

Nigir1) = Sna+1) T Emsny + YEcirn) + Emeirn) + Im+) + leirr) + Imeoier) + Inciirny + Leg,a+1)»
) (Ieqivn) + Incgirny + Legyi+1))

){C = ﬁc(l - K{ Nh( ) )
i+1
Lyiv)
A = B2
T Ny

A, = B,b (Im(i+1) + Imc(i+1) + ImEc(i+1)).

Here, h in the time step, i is the iteration index and:

Np(is1)
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kis, = Ap + Omlniy + 0cley + Omelmey — Am + Ac + 1Sk,
kig, = AmSniy — (Ae + Om + WEm@),

kig, = AcShiy — A + @ + WEcq),

kigpne = AcEmay + AmEciy — (@me + 1) Eme(o)

kllm = ¢mEm(i) — (62 + wp, + #)Im(i)a

ki, = dcEciy — (€dm + @ + )iy,

Kitpmg, = 6Ackm@y = (0 + 1D ng, i)

kir,, = 0lme iy  PmcEmey t VIcgn@) — (@me + WIncs
Kireg,, = €Amleay — (v + Dlee,, 05

le,, =7A,— (A, + .uv)sv(i)a

kig, = AuSpiy — (b + 1) Eypy,

kll,; = ¢va(i) - (ﬂv)lv(i)a

1 1 1 1 1

1 1 1 1
+IC([) + Ekllch + ImEC(l) + EkllmEch + ImC(l.) + EkllmCh + ICEm(I.) + EkllcEmh’

1 1 1
IC(!) + jkllch + ImC(l) + Ekllmch + ICEm(l) + EklICEmh
Aea = Bc(1 — k() ( )

kZNh ’
1
(Iv(i) + fkllvh)

Az = .mek—s

2Np

1 1 1

(Im(l.) + zkllmh + ImC(l.) + jkllmch + ImEC(l) + EkllmEch)

A2 = Bvb R (6)

kZNh
1 1 1
kZSh = Ah + wp (Im(i) + Ekllmh> + w, <1c(i) + Ekllch> + W (Imc(i) + §k11m5h> - ()lmz + /102 + ﬂ)
1
(Sh(i) + §k1shh) ,

1 1

kzg,, = Ama (Sh(i) + §k1shh) — Aoz + b + 1) (Em(i) + EklEmh) ,
1 1
kg, = Az (Sh(i) + Eklshh) = (Amz + ¢ + 1) (Ec(i) + §k1E0h> ,
1 1 1

kzgy,. = Ac2 (Em(i) + EklEmh) + Ama (Ec(i) + §k150h> = (Pme + 1) (Emc(i) + EklEmch> ,

1 1
kzzm = ¢m (Em(i) + EklEmh> = (04¢ + W + 1) (Im(i) + Ekumh) >

1 1
kzzc = ¢ (Ec(i) + EklEch) — (A + 0 + 1) (Ic(i) + Eku,_.h) >
1 1

kzszC =64, (Im(i) + Ekllmh) —(o+uw) (ImEC(L') + EkumEch) )

1 1 1
kZImC =0 (ImEc(i) + EkllmEch) + Gme (Emc(i) + EklEmch) +y (lcEm(i) + EkllcEmh) - (wmc + y)

1
(Imc(i) + Ekumch) ;
1 1
kzz,_.Em = €A (Ic(i) + Ekuch) -+tw (lcEm(i) + Ekl[cEmh) >
1

kZS,, = Av - (A‘UZ + :uv) (Sv(i) + Ekls,,h) s

1 1
kZE,, = AUZ (Sv(i) + Eklsuh> - (d)v + #V) (Ev(i) + EklE,,h) >
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1 1
ko, = ¢y (Ev(i) + §k1E,,h) = () <1v(i) + Ekuvh> ,

kan, = (Sny — kasyh + 2kas,h) + (Em@y — kag, b + 2kzg, h) + (Ecy — kag,h + 2kop, )
+(Emeqy — kag b+ 2kag, h) + (Inay — kg, h + 2kyp R) + (Ieqy — kg h + 2kyy h)
+ (1mEC(,.) — Kypp, b+ 2k2,mEch) + (Imegy = kg, b+ 2keyp h)
+ (et = Katggy, b+ 2Kargg, 1)
(Iey — kagh + 2kop.h) + (Lneqy — kear, b+ 2kay, 1)
( + (IcEm(i) — Ky h+ 2k2,cEmh) )

kSNh

Aez = Bc(1 — k()

lm3 _ ‘me (Iv(i) — klklvh + 2k21vh)
3Ny,
(Im(i) - kllmh + 2k21mh) + (Imc(i) - kl[mch + ZkZImCh)
( + (ImEC(i) — Kypp, b+ 2k2,mEch) )
Avz = Byb &
3Ny,
k35h =A, + wm(lm(l-) — kllmh + 2k21mh) + wc(lc(l-) - kllch + 2k215h)
+wmc(lmc(i) - kumch + ZkZImCh) — Az + A3 + #)(Sh(i) - lehh + Zkzshh),
ksg,, = Ams3 (Swhaiy — kis,h + 2kzshh) = Az + S + W (Emy — kig,h + ZkZEmh)a
ksp, = Acs (Shay — kys,h + 2kzshh) — Az + Pc + W(Ecy — kig.h + 2k256h),
k3g,,. = Acs (Em@y — kig,h + 2k25mh) + Amz(Ecqy — kyg.h + 2kzgch) = (Pme + 10
(Emeay — kig,.h+ 2k25mch),
kSIm = ¢m(Em(i) - klEmh + 2k25mh) = (03 + Wy + 1) (Im(i) - kumh + 2k21mh),
kSI,: = ¢c(Ec(i) - klE,_-h + 2k2E,_-h) — (EAms + @ + 1) (lc(i) - kuch + 2k21,_.h),
k31mEC =8 (Im(i) — ki, h+ 2k21mh) —(c+w (ImE,_-(i) - kumECh + 2k21mEch) )
ks, =0 (ImEc(i) — Ky, + 2k2,mEch) + Gme(Eme(y — kag, b+ 2k, h)
+y (IcEm(i) — kg, h+ ZkZIcgmh) — (@me + 1) (Ime() = Ktch + 2Kz, 1),
k31C5m = €Ams (Ic(i) — ky h + ZkZICh) -(r+uw (IcEm(i) - k1105mh + ZkZICEmh) ,
kss, = Ay — (Aps + 1) (Svqiy — kis,h + 2kzs,,h),
k3E,, = A3 (Sv(i) - leuh + 2kzs,,h) - (¢, + #v)(Ev(i) - klE,,h + 2k2£,,h),
k31,, = ¢v(Ev(i) - klEvh + ZkZEvh) - (:uv)(lv(i) - k11,,h + 2k211,h)~

El

>

>

Fourth-Order Runge-Kutta Method

The fourth-order Runge-Kutta method is one of the numerical methods for solving differential equations that can
be derived from Taylor expansions [38, 39]. This method has a higher order of solution accuracy than the first-, the
second-, and the third-order methods [40]. Reconsider the initial value problem dy/dx = f(x,y), y(xy) = X,
Chapra and Canale [41] wrote down the most commonly used form of the classical fourth-order Runge-Kutta
method as follows

1
Yiter1 =Y + g(kl + 2k, + 2k3 + ky)h, (7N

where
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kl = };(‘xl"yi)al
k, =f(xi +3hy +§k1h),

1 I
ky = f(xl- 3k, +§k2h),
k4 = f(xl + h,yl + k3h).

®)

Now, we take into account the initial value of each subpopulation Sy(1y, Em(1), Ec(1)s Eme(1)s Imcys ler)s Ime (1)

Imc(l)a IcEm(l)s Sv(l)sEv(l)s Iv(l)s and Nh(l) from Sh(o)aEm(O)’ EC(O), Emc(o)s Im(o)’ IC(O)’ ImEC(O)’ Imc(o)s
Ieg, (0), S,(0), E,(0), L,(0), and N,(0), respectively, the fourth-order Runge-Kutta method to solve the SEI
model (1) is

Sha+1) = Shapy T é (k15h + 2k, + 2ksg, + k45h)ha
Emci+1) = Em@y + é (kig,, + 2kag,, + 2ksg, + kag, )R,
Ec(i+1) = Ec(i) + % (klE,_- + 2k2E,_- + 2k3EC + k4-Ec)h9
Emciivr) = Emey + é (klEmc + 2kyg,,. + 2ksg,, + k4Emc)ha
Inny = Im@y + % (K, + 2kyr, + 2ks; + kar )R,

1
I IC(l) + g (kllc + 2k21€ + 2k31£ + k4lc)h’

cli+1)
1
ImEC(i+1) = ImE,_.(i) + g(kumgc + 2k21mEc + 2k31mEc + k41mEc) h,

1
Imc(i+1) = Imc(i) + g (kumc + 2k21mc + 2k31mc + k41mc)h,
1

Leg,,iv1) = e T 5 (kucgm +2kopp, +2ks k4105m) h,

1
Sui+1) = Sv) T 5 (k151, + 2kys, + 2kss, + k4s,,)h,

©)

1
Epiv) = Evy + 5 (klE,, + 2kyg, + 2ksg, + k4EV)ha

1
lv(i+1) = lv(i) + g (ku,, + 2k21,, + 2k31,, + k41v)h,

Nigir1) = Sna+1) T Em+) + FEciir) + Emcr) + Imr) + ey + Imeoien) + Imcvn) + legpien)
) (Ietivn) + Incqirny + Legyi+1))

Ae = B(1—K{ ,
©re Npgis1
L.
/1m _ ,me v(i+1) ’
h(i+1)

(ni+1) + Imeqien) + Img,i41))

A, = B,b
v Np(is1)

Here, h is the time step, i is the iteration index and:
leh = Ah + wmlm(i) + chc(i) + wmclmc(i) - (Am + /10 + ﬂ)Sh(i)s
klEm = AmSh(i) - (e + P + ,U)Em(i)s
kig, = AcShiy — A + e + WEc),
kig,. = AcEmay t AmEciy — (Pme + 1) Eme(iys 10
kllm = ¢mEm(i) - (5/10 + Wy + #)Im(i)a ( )
kllc = ¢cEc(i) — (A + 0, + ,Lt)lc(i),
klImEC = 5/1c1m(i) —(o+ #)ImEC(z’)a
kir,, = 0lne. iy  PmcEmeiy t Vicen@) — (@me + WIncs

020008-8

¥2:00:v} ¥20g aunr g1



Kireg, = €Amleqy — (v + Wleg, o),

le,, =N, — (/117 + :uv)sv(i)a

klE,, = AvSv(i) — (¢ + .uv)Ev(i)a

ki, = ¢uEviy — (W) o)
1 1 1 1 1

kZNh = Sh(l') + Eklshh + E‘m(i) + EklEmh + Ec(i) + EklEch + Emc(i) + EklEmch + I‘m(i) + Ekllmh
1 1 1 1

+IC(l) + Ekllch + ImEc(l) + EkllmEch + ImC(I.) + Ekllmch + ICEm(I.) + EkllcEmh’

1 1 1
(IC(I.) + jkllch + ImC(l) + jkumch + ICEm(l) + zklICEmh)

Aez = Bc(1 — k()

kZNh ’
1
(Iv(i) + fkllvh)

lmz = Pm k—s

2Np

1 1 1

(Im(l.) + zkllmh + ImC(l.) + jkumch + ImEC(l) + EkllmEch)

AVZ = .Bvb N

kZNh
1 1 1
kZSh = Ah + Wy (Im(i) + Ekllmh) + We (Ic(i) + Ekllch> + Wi (Imc(i) + §k11m0h> - (Amz + Acz + .u)
1
(Sh(i) +3 kis, h) ,

1 1

kZEm = din2 (Sh(i) + Eklshh) — Azt Pt 1) (Em(i) + Ekwmh) >
1 1
kZEC = e (Sh(i) + §k1shh) = (Amz + ¢ + 1) (Ec(i) + Ekwch) >
1 1 1

kZEmC = ACZ (Em(i) + EklEmh) + Amz (Ec(i) + EklE,_-h) - (d)mc + #) (Emc(i) + 5k15m5h> >

1 1
kZIm = ¢m (Em(i) + EklEmh) - (6/102 + wpy + #) (Im(i) + Ekllmh) >

1 1
kzzc = ¢ (Ec(i) + EklEch) — (A + 0 + 1) (Ic(i) + Eku,_.h) >
1 1

kzszC =64, (Im(i) + Ekumh) —(o+uw (ImEC(i) + Ek“mE,;h) )

1 1 1
kzzmc =0 (ImE,_-(i) + EkumEch) + Pmc (Emc(i) + EklEmch) +vy (lcEm(i) + Ekuc};mh) — (W + 1)

1
(Imc(i) t3 kumch> ,
1 1
kaiog,, = €Amz <1c(i) + Ekuch) -+w (IcEm(i) + Ekucgmh) )
1
kas, = Ay — (Apz + 1) (Sv(i) + Ekls,,h) ,
1 1

kzg, = A2 (517(1') + §k15vh) — (¢ + 1) (Ev(i) + §k1E,,h> ,

1 1
ko, = ¢y (Ev(i) + §k1E,,h) = (u) <1v(i) + Ekuvh> )

1 1 1 1 1
kan, = Sh@ + Ekzshh + Enm@ t EkZEmh +Ecp+ EkZECh + Emcy t+ EkZEmfh + Iney + Ekzzmh
1 1 1 1
+IC(l) + EkZICh + ImEc(l) + EkZImEch + ImC(I.) + EkZImCh + ICEm(l) + EkZICEmh'

1 1 1
(IC(I.) + jkz[ch + ImC(l) + ijlmCh + ICEm(l) + EkZICEmh)

k3Nh

Aez = Bc(1 — k()

>
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1
(Iv(i) + ikzh]h)
kSNh
1 1 1
(Im(l.) + jkz[mh + ImC(l.) + ijImCh + ImEC(I.) + EkZImEch)
k3Nh
1 1 1
k3Sh = Ah + Wy (Im(i) + EkZImh> + We <1c(i) + §k215h> + Wince (Imc(i) + EkZImch> - ()lm3 + /‘lc3 + #)
1
(Sh(i) + §k25hh) ,
1 1
k3Em = Ams (Sh(i) + Ekzshh) — Az + P + 1) (Em(i) + EkZEmh) >
1 1
k3EC = Aes (Sh(i) + Ekzshh) = Az + Pc + 1) (Ec(i) + EkZECh) >
1 1 1
kSEmC = Ac3 (Em(i) + 5 kZEmh) + AmS (Ec(i) + EkZEch) - (¢mc + #) (Emc(i) + EkZEmch) )
1 1
kSIm = ¢m (Em(i) + EkZEmh) - (6/103 + wpy + ,Lt) (Im(i) + EkZImh) >
1 1
kSI,: = ¢ (Ec(i) + EkZECh) — (EAms + 0, + 1) (Ic(i) + Ekzzch) s
1 1
kSImEC = 043 (Im(i) + §k21mh) —(o+uw (ImEC(i) + Ekzszch) )
1 1 1
kSImC =0 (ImE,_-(i) + §k21mgch> + Pmc (Emc(i) + EkZEmch) +vy (IcEm(i) + EkZICEmh> — (W + 1)
1
(Imc(i) + §k21mch> ,
1 1
k31,_.Em = €3 (Ic(i) + Ekych) -+tw (IcEm(i) + Ekzz,_.Emh) >
1
kss, = Ay — (Aps + Up) (Sv(i) + Ekzs,,h) )
1 1
ksg, = Ap3 (51:(1') + Ekzsvh) — (¢ + 1) (Ev(i) + EkZE,,h> )

1 1
ks, = ¢y (Ev(i) + EkZE,,h) = () <1v(i) + Ekzh,h) ,

lmS = .me

>

AV?) = .Bvb

>

k4'Nh = Sh(l) + k3shh + Em(l.) + k3Emh + EC([) + k3Ech + EmC(l.) + k3EmCh + Im(l.) + k31mh
+IC(I.) + k31£h + ImEc(l) + k31mEch + ImC(l.) + k31mCh + ICEm(I.) + k3ICEmh’

(IC(I.) + k31£h + ImC(l.) + k31mch + ICEm(I.) + kSICEmh)
Aea = Bc(1 — k()

k4-Nh ’
(I + ki h)
lm4 = ﬁmb“k—a
4Np
(Im(l.) + k31mh + ImC(I.) + k31mch + ImEC(l) + k31mEch>
Ava = Byb ,

kany,
k4-Sh = Ah + wm(lm(i) + k31mh) + wc(lc(i) + kSIch) t Wine (Imc(i) + kSImCh) - (/1m4 + /104- + #)
(Snaiy + ksshh),
Kagy = Ama(Shy + kasph) = (ea + dm + 1) (Emqy + kg, 1),
kag, = Aea(Shepy + ks, h) — Ama + dc + 1) (Ecy + kag h),
k4Emc = /154(Em(l') + k3Emh) + Aina (Ec(i) + k3ECh) = (P + ”)(Emc(i) + k3EmCh')7
k41m = ¢m(Em(i) + k3Emh) - (5104 + wy + H)(Im(i) + k3lmh)7
ki, = ¢c(Ec(i) + k3E,_-h) — (edna + 0 + #)(Ic(i) + kszch),
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k41mEC =6c4 (Im(i) + kSImh) —(c+uw (ImE,_.(i) + ksszch) 5

kap,. =0 (ImEc(i) + k31mEch) + e (Emeqy + k3Emch) +y (IcEm(i) + k3165mh) — (Wme + 1)
(e + k31mch),

kar g, = €Ama(leqy + k3lch) - +uw (IcEm(i) + kSIcEmh) )

k4s,, =N, — (Aps + :uv)(sv(i) + k3Svh)a

k4E,, = Av4(5v(i) + kss,,h) - (¢, + :uv)(Ev(i) + kSE,]h)’

k41,, = ¢v(Ev(i) + k3E1,h) () (Iv(i) + k31vh)-

RESULTS AND DISCUSSION

The numerical simulation results and the accuracy of the SEI models of the third-, and fourth-order Runge-Kutta
methods are discussed in this section. Simulations are conducted using the MATLAB software and the calculation of
the accuracy order using the Microsoft Excel software. Numerical simulations require initial values. Therefore, we
use the third-order and fourth-order Runge-Kutta methods to solve equation (1) in the SEI model. The initial values
of the variable and its parameters are listed in Table 3 and Table 4.

TABLE 3. Initial Values of Variables of the SEI model

Variables Values
Human
Np1y Shay t Emay + TEcy + Emc) + Imy + L) + Imeo) + Imey + Le1)
Suct) 2500
Em(l) 1
Ec(l) 1
Emc(l) 1
Incay 10
lecry 20
Ing (1) 1
Imc(l) 3
g, ) 3
Mosquitoes
(vector)
Ny Svy + Evry + by
Sutt 10000
Eveny 8
Ly 10

The initial values of A., 4,,, and 4, are in the form of a predefined formula [36]. It means the three parameters
have values that can change following the value of other related variables and the parameters. Wearing health
masks, social and physical distance, hydro alcoholic gel, hand washing with soap, gathering intensity, and self-
isolation were also included in this study as methods of community personal protection against COVID-19. This
condition also brings up the efficacy of personal protection. A factor (1 — k() is used to represent the effect of
personal protection, where 0 < { <1 and 0 < k < 1. During the simulation, we selected initial values { = 0.5 and k =
0.5, which indicate that 50% of humans apply for personal protection. Then, the initial value of malaria transmission
probability per mosquito bite, B,,, selected 0.125 on numerical simulations.
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TABLE 4. Initial Values of Parameters of the SEI model

Parameters Values
Human
Ay 10000
59x%365
bDm 0.8333
b, 0.6
Dme 0.333
Wm 0.25
W, 0.3
Wine 0.025
u 1
59x%365
o) 1.02
€ 1.01
o 0.4
4 0.0833
K 0-1
4 0-1
b 43 x%x0.33
B 0.125-0.5
B 0.4531
Ae B.(1 - x0) (e + Iml\;(l) + leg, )
h(1)
Am Ly
b
Bm Moy
Mosquitoes
A, 10*
21
bOm 0.1
Uy i
21
By 0.48
Ay 8b (I + Iney + Ine 1))
Nnay

Simulation Results of the Third-Order Runge-Kutta Method

The behavior of the co-dynamics of the spread of COVID-19 and malaria using the SEI model and the third-
order Runge-Kutta method is depicted in Figure 1. The number of humans susceptible to malaria and COVID-19,
namely, S}, has decreased over time. That is because the number of individuals exposed to malaria only, namely E,,,
increased at a certain period. That also happened to individuals exposed to COVID-19 only, namely E.. However, at
the same time, both subpopulations have decreased. The increasing number of individuals exposed to malaria or
COVID-19 can open opportunities to influence the increase in the number of individuals infected. Initially, the
number of individuals infected with malaria only, namely I,,,, and individuals infected with COVID-19 only, namely
I., decreased and stayed around a certain value at a certain period. Then the number increased over a long period
and decreased again. Such behavior also occurs in the number of individuals infected with malaria and exposed to
COVID-19, namely Iz, and the number of individuals infected with COVID-19 and exposed to malaria, namely
I¢g,,. These dynamics also occur in individuals exposed to malaria and COVID-19, namely Er,, and individuals
infected with malaria and COVID-19, namely I, in the span of 0 to 60. Meanwhile, when close to infinity,
Sp(), Ey(£), Ec(£), Emc(t), I (t), 1c(t), Ip, (t), Iinc(t), and Ig, () will be constants. The human population
will never become extinct.
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The solution of SEI model for malaria and COVID-19 by using the third-order Runge-Kutta Method

A I T T |
A —6— Shit): Susceptible human
A £— Em(t): Exposed to malaria only
9000 — A —&— Ec(t): Exposed to COVID-19 only |
—+— Emc(t): Exposed to malaria and COVID-19

Im(t): Infected to malaria
S Ic(t): Infected to COVID-19
8000 — L —+— ImEc(t): Infected with malaria, and exposed to COVID-19 [—
% —&— Imc(t): Infected malaria and COVID-19
—+— IcEm(t): Infected with COVID-19, and exposed to malaria

7000 — —&— Sv(t): Susceptible vector(mosquito) |

10000 8—A=a—x

s
s
i1}
=
(7]
=
u
=
é % —E— Ev(t): Exposed to malaria parasite
g —*— Iv(t): Infectious mosquitoes
= Y
;5; 6000 — % -
E
— A
S 5000 (— N -
E )
= e
£ 4000 - % _o? o g o
c S
uEJ oo o
% e P
= o 600 o
= € S—-6-o0-6--0-0-o
S 3000 — 2 A o604
it ° \
<2 —6—6-66—6-6-06-06-—0-o 2
£ VT8 6e-g ¢
fin} S—o—o A
= 2000 - So__ A
= 2 s T
(7] 2 S—g
kS -4 Se.¢
¢ 1000 — pd S~o¢
s P 9o
s o 4
o0 o9 A A A A DDA A
e e e = = e ==
0 10 20 30

Time (t)

FIGURE 1. Graph of the solution to the spread of malaria and COVID-19 using the third-order Runge-Kutta method with h = 1
in the time range [0, 60].

Furthermore, the number of mosquito populations (vectors) in each subpopulation has decreased or increased
continuously over time. The number of susceptible mosquitoes, namely S,,, has decreased over time. Then the
number of mosquitoes exposed to the malaria parasite, namely E,, has increased over time. The number of
mosquitoes that experienced an increase also occurred in the subpopulation of infectious mosquitoes, namely I,,.
However, as time ¢ approaches infinity, the number of mosquitoes will approach equilibrium. In other words, the
mosquito population never extinct.

Simulation Results of the Fourth-Order Runge-Kutta Method

Figure 2 shows the results of the co-dynamics of the spread of malaria and COVID-19 with the SEI model using
the fourth-order Runge-Kutta method. These results have similarities with the simulation results using the third-
order Runge-Kutta method. The patterns of spread and behavior are also the same as those of the third-order Runge-
Kutta method.

Method Accuracy Order

The solution patterns of the two methods are the same, as shown from the results of the simulations in Figure 1
and Figure 2. Meanwhile, one of the third-order and the fourth-order Runge-Kutta methods has better order of
accuracy. Thus, it is necessary to measure the numerical error and the order of accuracy using the ODE45 algorithm
in the MATLAB software for reference solution with ‘RelTol’ of 2.3 x 107 and ‘AbsTol’ of 1 x 107", This is done
because no exact analytical solution has been found for the SEI model in this paper.

To test numerical errors in each subpopulation, we use the absolute error formula. To calculate the order of
accuracy for the time steps 1, 0.5, 0.25, 0.125, 0.0625, and 0.03125 we use the error results and the accuracy order

formula is [42]
E;
_ log (Ei+1)

R, =
 log (Aiﬁ)

(11
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Here E; is the error corresponding to the simulation using independent variable step Ax;, and E;,; is the error

corresponding to the simulation using independent variable step Ax; .
The solution of SEI model for malaria and COVID-19 by using the fourth-order Runge-Kutta Method

10000 4—a—p—g——— T T | | |
TR A, —S— Sh(t): Susceptible human
N —&—Em(t): Exposed to malaria only
9000 A —B5— Ec(t): Exposed to COVID-19 only _|

—+— Emc(t): Exposed to malaria and COVID-19
*— Im(t): Infected to malaria
Ic(t): Infected to COVID-19
8000 — A +— ImEc(t): Infected with malaria, and exposed to COVID-19 [—|
“ —A— Imc(t): Infected malaria and COVID-19
—+—IcEm(t): Infected with COVID-19, and exposed to malaria
A —A— Sv(t): Susceptible vector(mosquito)
7000 [~ N —&— Ev(t): Exposed to malaria parasite B
—s— Iv(t): Infectious mosquitoes

6000 — =

Values of Sh(t), Em(t), Ec(t), Emc(t), Im(t), Ic(t), ImEc(t), Imc(t), ICEm(t), Sv(t), Ev(t), Iv(t)

5000 |~ : _
%
_o—o0—6—0-—g
4000 [ O e o |
oo o ..
o X\ S0
6600
©—6—-6- E
3000 (— 66660
T 0% e & A
2000 — ‘:. A A OO
> T 6 = oo
2 s,
1000 — /a/@/d TS g N Ny W A ) 1
. 5@ < 3 © A—AA
e 5
o - e -
A e TN s e L sSwee== : =SSSsssss
0 10 20 30 50 60
Time (t)

FIGURE 2. Graph of the solution to the spread of malaria and COVID-19 using the fourth-order Runge-Kutta method with h = 1
in the time range [0, 60].

TABLE 5. Average error of the third-order Runge-Kutta method

h Sw Enm E. Eme ILn I Ipg, Ipe I, S, E, I,

1 14x 8x 4x 3x 15x 2x 5x 19x 3x 58x 48x 52x
102 102 102% 107 107 102 102 102 10% 10% 10% 10°

0.5 20 9x  4x  3x 19x 2x 6x 25x 3x T9x 62x 69x
10°  10° 10° 10° 10° 10° 10° 10° 10° 107 10° 103

025 26x 10x 4x 4x 24x 2x Tx 33x 4x  104x 79x 89 x
10* 10* 10* 10* 10* 10* 10* 10* 10* 10* 10* 10*

0.125 34x 12x 5x 5x 30x 3x 9x 41x 5x 133x 100x 114 x
105 10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 107

0.0625 43x 15x 6x 7x 38x 3x 11x 52x 7x 168x 125x 143 x
10 10% 10° 10° 10° 10° 10% 10° 10® 10° 10° 10°

0.03125 54x 19x 7x 8x 48x 4x 14x 66x 9x 212x 157x 179 x
107 107 107 107 107 107 107 107 107 107 107 107

TABLE 6. Average error of the fourth-order Runge-Kutta method
h Sh Em Ec Emc Im Ic ImEc Imr_' IcEm Su Ev Iv

1 104x 186x 103x 31x 163x 77x 25x 49x 12x 463 x 336 % 135 x
10* 10* 10* 10* 10* 10* 10* 10* 10* 10* 10* 10*
0.5 72x  93x 50x 13x 76x 34x 13x 34x 6x 280x 189 x 98 x
10°  10° 10° 10° 10° 10° 10° 10° 10° 10° 10° 107
025 46x 51x 27x 6x 41x 18x 7x 22x 3x 173x 113 x 66x
10 10 10° 10° 10° 10% 10° 10° 10° 10° 10° 10°
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0.125 30x 30x 16x 3x 24x 10x 4x 14x 2x 108x 69x 42x
107 107 107 107 107 107 107 107 107 107 107 107
0.0625 19x 18x 10x 2x 14x 6x 3x 9x 1x 67x 43x 27x
108 10% 10 10* 10® 10® 10* 10® 10® 10® 10 10%
0.03125 12x 11x 6xX 1x 9x 4x 2x 6x 1x 42x 26x 17x
10°  10° 10° 10° 10° 10° 107 10° 10° 107 10° 10°

Table 5 and Table 6 show that the average error values in each subpopulation are different for each h. In
addition, the average error values between subpopulations using the third-order Runge-Kutta method are larger than
those using the fourth-order Runge-Kutta method.

TABLE 7. Accuracy Order of the third-order Runge-Kutta method

h Sy En E. Epn I, I, Ipp, Lo g, S, E, I,

1 - - - - - - - - - - - -

0.5 2.814 3.167 3312 3.032 2963 3279 3.028 2922 2940 2.875 2956 2912
0.25 2918 3.092 3.199 3.015 2975 3.151 3.010 2960 2960 2926 2976 2.956
0.125 2960 3.044 3.106 3.006 2986 3.073 3.004 2980 2980 2962 2987 2.978
0.0625 2980 3.021 3.054 3.003 2993 3.035 3.002 2990 2990 2981 2993 2.989

0.03125 2990 3.010 3.027 3.001 2.996 3.017 3.001 2995 2995 2991 2997 2.99%4

TABLE 8. Accuracy Order of the fourth-order Runge-Kutta method

h S, Em E. Em Inp I, ILpg, Ly Iig, S, E, I,

1 - - - - - - - - - - - -

0.5 3.856 4320 4367 4596 4.413 4486 4280 3.849 4365 4.047 4.153 3.788
0.25 3945 4.167 4.190 4342 4215 4256 4.126 3925 4.152 4.015 4.067 3.903
0.125 3975 4.086 4.098 4.189 4.111 4.135 4.061 3.963 4.071 4.005 4.032 3.953
0.0625 3988 4.043 4.050 4.100 4.056 4.069 4.030 3981 4.034 4.002 4.015 3.977

0.03125 3.994 4.022 4.025 4.052 4.028 4.035 4.015 3.991 4.017 4.001 4.008 3.989

Furthermore, Table 7 and Table 8 show that the accuracy of the third-order Runge-Kutta method is close to a certain
value, namely 3, while the accuracy of the fourth-order Runge-Kutta method is close to 4. Then, the order accuracy
results confirm that the fourth-order Runge-Kutta method’s accuracy is better than the third-order Runge-Kutta
method.

CONCLUSIONS

We have solved the SEI model effectively for the co-dynamic problem of the spread of malaria and COVID-19
using the third-, and the fourth-order Runge-Kutta methods. The solution from the simulation results of both
methods using the MATLAB software show similarities. Therefore, it is necessary to look for the values of the
numerical errors and the order of accuracy of each method to find the difference between the third-order and the
fourth-order Runge-Kutta methods. The results obtained from our study confirmed that the fourth-order Runge-
Kutta method is indeed more accurate than the third-order Runge-Kutta method in solving the co-dynamics of the
spread of malaria and COVID-19 diseases with the SEI model.
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