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ABSTRACT 

Majene Regency, specifically the Banggae Timur District, is at considerable risk of tsunamis due to its 

coastal location and increasing urban density. This research evaluates the effectiveness of current 

Temporary Evacuation Shelters (TES) using a spatial analysis methodology combined with location-

allocation modeling. The methodology included tsunami inundation mapping utilizing historical data, 

identification of building points, analysis of TES capacity, and modeling of service areas within a 

maximum evacuation radius of 935 meters.The study concentrated on two specific TES: Prasamya 

Stadium and the Majene Regency Police Station. Although both locations possess adequate capacity for 

hosting evacuees, they are situated within high-risk tsunami inundation zones (5–6 meters), making 

them inappropriate for safe evacuation. Spatial allocation modeling indicates that these TES 

predominantly serve the western section of Banggae Timur District, resulting in considerable 

underservicing of eastern coastal areas and increased risk. Of the 2,774 houses located within the 

tsunami inundation zone, 1,506 are currently unserved by the existing TES. The findings highlight the 

necessity of identifying and establishing new TES in safer, elevated areas with enhanced accessibility 

to improve evacuation coverage and safety. This study emphasizes the importance of spatial modeling 

in enhancing evidence-based disaster mitigation planning. It offers precise, data-driven insights for 

optimizing emergency infrastructure and minimizing population risk exposure in urban areas susceptible 

to tsunamis. 

 

Keyword: Disaster Mitigation, Location-allocation, Spatial Analysis, Temporary Shelters, Tsunami 

Evacuation.  

 

1. INTRODUCTION 

Sulawesi Barat Province has the highest disaster risk index, with a score of 160.08 [1]. Of the five 

regencies in Sulawesi Barat Province, Majene Regency has the highest disaster risk index, with a score 

of 186.83. This score decreased from 2019 to 2023 (fig. 1) but remains in the high-risk category. 
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Figure 1. Progress of the Majene Regency Disaster Risk Index 

 

The high disaster risk in Majene Regency is attributed to its elongated shape, its direct border with the 

Makassar Strait, and its geological location, which is influenced by the Makassar Fault, a tectonic feature 

exhibiting reverse movement with an average annual displacement of 1-5 mm [2]. These conditions 

make the Majene Regency highly vulnerable to tsunamis. Based on historical data, Majene Regency 

experienced earthquakes followed by tsunamis in 1967 and 1969 [3], with the 1969 event causing quite 

severe impacts due to tsunami heights reaching 2-6 meters in several areas [3] [4] [5]. Furthermore, 

based on studies conducted, Majene Regency and its urban areas are the areas in Sulawesi Barat 

Province with the most excellent chance of being impacted by a major tsunami disaster (with a height 

of more than 3 meters) in any given year [6]. 

The part of the Majene Regency that requires special attention in disaster management efforts is the 

Majene urban area, as the center of growth in this region is located in a coastal area that is seismically 

active [7]. The Majene urban area, encompassing two sub-districts, Banggae, and Banggae Timur, is a 

tsunami-prone area, with the distribution of tsunami-affected areas in Banggae Timur District being 

more extensive than in Banggae District [8] [9]. The Banggae Timur District is highly vulnerable to 

tsunamis, primarily due to its role as the center of urban growth driven by the presence of the Sulawesi 

Barat University campus. This situation will lead to increased population growth and land conversion, 

further contributing to disaster vulnerability. Therefore, mitigation as a disaster management effort is 

increasingly crucial in the development of the Majene urban area, particularly the Banggae Timur 

District. 

Mitigation efforts play a crucial role in regional planning and structuring in the Majene Regency, as 

disaster management practices in Majene have not been well implemented, particularly regarding 

emergency response [10] [11]. Disaster management must be supported by effective planning, direction, 

support, coordination, and implementation of various activities carried out at the stages of damage 

mitigation, preparedness, intervention, and recovery in order to prevent disasters and reduce the damage 

they cause [12]. The strategy established by the Majene Regency needs to be adapted to regional 

conditions by ensuring that disaster management operations are effective, efficient, and sustainable [13]. 

One effort that can be made to organize an effective and efficient disaster emergency response is to 

improve disaster mitigation, which can be done by preparing a thorough evacuation plan. In this case, 

mapping evacuation shelter along with their characteristics and effective evacuation routes plays a vital 

role [14] [15]. In 2021, the government conducted a mapping of Temporary Evacuation Shelter (TES) 

in the urban area of Majene, including Banggae Timur District [16]. However, no evaluation of these 

TES has been conducted, therefore, this research aims to evaluate each TES in Banggae Timur District, 

particularly by considering aspects of tsunami vulnerability parameters and TES accessibility in 

reaching buildings potentially affected by tsunamis. 

 

 

216,08 216,08 217,62 208,3

186,83

170

175

180

185

190

195

200

205

210

215

220

2019 2020 2021 2022 2023

R
is

k
 I

n
d

ex

Year

Progress of the Majene Regency Disaster Risk Index

2



Journal of Green Science and Technology    P-ISSN : 2598-1277 

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966 

Journal of Green Science and Technology - Vol.9 No.2, September 2025 | 158 

This study's findings on the evaluation of Temporary Evacuation Shelters (TES) for tsunamis in 

Banggae Timur District, Majene, lead to the following policy recommendations aimed at improving 

disaster mitigation and preparedness: 

1. The primary recommendation is to promptly identify and establish new Temporary Evacuation 

Shelters (TES) in areas that are clearly outside of high-risk tsunami inundation zones.  The existing 

TES (Prasamya Stadium and Majene Regency Police Station) are located within the 5-6 meter 

tsunami inundation zone, making them inadequate as safe evacuation sites despite their capacity.  

New locations must be selected through comprehensive topographical analysis, ensuring they are 

situated at elevations considerably above the maximum expected tsunami height, as indicated by 

prior research. 

2. The expansion of TES coverage to underserved areas is necessary, as the current locations primarily 

serve the western urban regions of Banggae Timur District, resulting in significant portions of the 

eastern coastal areas being underserved and vulnerable.  Policy should require a thorough 

assessment of the spatial distribution of populations at risk from tsunamis and strategically position 

new tsunami evacuation shelters to enhance coverage, especially in the underserved eastern areas.  

3. Investment in evacuation infrastructure and route improvement is necessary, as some routes to 

existing TES are accessible, yet certain sections are narrow and may hinder evacuation flows.  

Investment in infrastructure improvements should be prioritized in policy, focusing on widening 

critical evacuation routes, ensuring adequate signage, and addressing potential congestion points, 

particularly in densely populated areas.  Evacuation planning must consider the risk associated with 

crossing rivers that may serve as tsunami routes. 

 

4. CONCLUSION 

Using a spatial analysis approach with location-allocation modeling, this study assessed the efficacy of 

This research utilized spatial analysis and location-allocation modeling to assess the effectiveness of 

Temporary Evacuation Shelters (TES) in the Banggae Timur District of Majene Regency.  The results 

reveal substantial shortcomings in the existing disaster preparedness framework.  Both the Prasamya 

Stadium and the Majene Regency Police Station are located within high tsunami inundation zones (5-6 

meters), making them inadequate as safe evacuation points during a tsunami disaster, despite having 

sufficient capacities.  This spatial vulnerability significantly undermines their reliability as safe havens. 

 The location-allocation analysis indicated that these two TES can serve only a limited segment of the 

tsunami-affected population, primarily focusing on the western urban areas of Banggae Timur District.  

The maximal evacuation distance constraint of 935 meters indicates that substantially high-risk areas in 

the eastern region are inadequately served.  This highlights a significant shortcoming in the region's 

disaster preparedness planning, suggesting that a considerable number of households (1,506 out of 

2,774) remain unserved within the tsunami inundation zone. 

To enhance tsunami disaster mitigation in Banggae Timur District, it is essential to identify and establish 

new TES locations that are strategically located to optimize coverage of the affected population and are 

topographically secure, preferably at elevations well above the maximum expected tsunami height.  

Simultaneously, it is crucial to increase public awareness and upgrade evacuation infrastructure, which 

includes expanding key routes and ensuring clear signage, to enable timely and efficient evacuation 

processes.  The incorporation of these essential efforts into holistic disaster management and urban 

planning frameworks will significantly improve community resilience to future tsunami occurrences in 

Majene Regency. 

 

REFERENCES 

[1] A. W. Adi et al., IRBI (Indeks Risiko Bencana Indonesia) Tahun 2023, vol. 01. Jakarta: Badan 

Nasional Penanggulangan Bencana, 2023. 

[2] E. Susanto, I. Nurana, and A. R. Setyahagi, “Pemodelan Run-up Tsunami di Wilayah Pesisir 

Pantai Sulawesi Barat,” Buletin GAW Bariri, vol. 1, no. 2, pp. 87–93, 2020. 

[3] Tim Pusat Gempabumi dan Tsunami, Katalog Gempabumi Signifikan & Merusak Tahun 1821-

2023. Jakarta: Pusat Gempabumi dan Tsunami, Kedeputian Bidang Geofisika, Badan 

Meteorologi, Klimatologi dan Geofisika, 2024. [Online]. Available: 

http://scioteca.caf.com/bitstream/handle/123456789/1091/RED2017-Eng-

10



Journal of Green Science and Technology    P-ISSN : 2598-1277 

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966 

Journal of Green Science and Technology - Vol.9 No.2, September 2025 | 159 

8ene.pdf?sequence=12&isAllowed=y%0Ahttp://dx.doi.org/10.1016/j.regsciurbeco.2008.06.00

5%0Ahttps://www.researchgate.net/publication/305320484_SISTEM_PEMBETUNGAN_TER

PUSAT_STRATEGI_MELESTARI 

[4] I. Pranantyo, A. Cipta, H. Ash Shiddiqi, T. Baba, and K. Imai, “Source Reconstruction of the 

1969 Western Sulawesi, Indonesia, Earthquake and Tsunami,” Pure Appl Geophys, vol. 180, 

Jun. 2022, doi: 10.1007/s00024-022-03064-2. 

[5] E. Susanto, M. Arsyad, Subaer, and A. R. Setyahagi, “Pemodelan Waktu Tiba Gelombang 

Tsunami di Wilayah Pesisir Provinsi Sulawesi Barat,” in Prosiding Seminar Nasional Fisika PPs 

UNM, Makassar, Dec. 2020, pp. 80–83. 

[6] N. Horsphool et al., “Kajian Nasional Bahaya Tsunami untuk Indonesia,” 2013. 

[7] Yusman, A. Mulawarman, and A. Nurdin, “Evaluasi Tutupan Mangrove dan Analisis Citra 

Satelit untuk Mitigasi Tsunami pada Garis Pantai Majene,” Bandar: Journal Of Civil Enginering, 

vol. 4, no. 1, pp. 10–15, Apr. 2022, doi: https://doi.org/10.31605/bjce.v4i1.1553. 

[8] A. Aksa, “Determinasi Tempat Evakuasi Sementara Dan Tempat Evakuasi Akhir Potensial 

Bencana Tsunami di Kawasan Pesisir Perkotaan Majene,” Skripsi, Universitas Sulawesi Barat, 

2024. 

[9] A. Wahyudi, A. Priadmodjo, A. Aksa, and F. A. Islaha, “Pemetaan Skenario Genangan Tsunami 

Berbasis Pemodelan Spasial,” Jurnal Penelitian Pendidikan Geografi, vol. 9, no. 1, pp. 44–51, 

2024, doi: https://doi.org/10.36709/jppg.v9i1.214. 

[10] N. Nur, F. Wajidi, A. Mulawarman, M. Adrian, and R. Gunawan, “Pemanfaatan Sistem 

Informasi Edukasi Mitigasi Bencana pada KSR PMI Unit Markas Majene,” Jurnal Pengabdian 

Kepada Masyarakat Indonesia, vol. 2, no. 3, pp. 375–388, Dec. 2022, [Online]. Available: 

https://journal.amikveteran.ac.id/index.php/jpkmihttps://journal.amikveteran.ac.id/ 

[11] A. Mawan, “Kalut Penanganan Gempa Mamuju-Majene, Mitigasi pun Minim,” 2021. 

[12] K. Poser and D. Dransch, “Volunteered Geographic Information For Disaster Management With 

Application To Rapid Flood Damage Estimation,” Geomatica, vol. 64, no. 1, pp. 89–98, 2010, 

doi: https://doi.org/10.5623/geomat-2010-0008. 

[13] M. R. Akbar, M. Muhayyang, S. N. F. Khaidir, A. Iswar, and F. A. Salam, “Mitigasi Bencana 

Berbasis Pengetahuan Lokal Masyarakat Majene,” Kybernology : Journal of Government 

Studies, vol. 2, no. 2, pp. 120–132, Oct. 2022, doi: 10.26618/kjgs.v2i2.9661. 

[14] M. A. Ferreira, C. S. Oliveira, and R. Francisco, “Tsunami risk mitigation: the role of evacuation 

routes, preparedness and urban planning,” Natural Hazards, Apr. 2024, doi: 10.1007/s11069-

024-07061-7. 

[15] E. M. Bonilauri et al., “Tsunami evacuation times and routes to safe zones: a GIS-based approach 

to tsunami evacuation planning on the island of Stromboli, Italy,” Journal of Applied 

Volcanology, vol. 10, no. 1, Dec. 2021, doi: 10.1186/s13617-021-00104-9. 

[16] BMKG Stasiun Geofisika Gowa, “Laporan Survey Peta Bahaya Tsunami Wilayah Kota Majene, 

Kabupaten Majene, Provinsi Sulawesi Barat,” 2021. 

[17] H. S. Yunus, Metode Penelitian Wilayah Kontemporer. Yogyakarta: Pustaka Pelajar, 2010. 

[18] L. S. Musianto, “Perbedaan Pendekatan Kuantitatif dengan Pendekatan Kualitatif dalam Metode 

Penelitian,” Jurnal Manajemen dan Kewirausahaan, vol. 4, no. 2, pp. 123–136, 2010, [Online]. 

Available: http://puslit.petra.ac.id/journals/management/ 

[19] S. Arikunto, Prosedur Penelitian: Suatu Pendekatan Praktek. Jakarta: PT. Rineka Cipta, 2006. 

[20] Sugiyono, Metode Penelitian Pendidikan Pendekatan Kuantitatif, Kualitatif dan R&D. Bandung: 

Alfabeta, 2013. 

[21] P. C. Nugroho et al., “Modul Teknis Penyusunan Kajian Risiko Bencana Tsunami,” Direktorat 

Pengurangan Risiko Bencana, Badan Nasional Penanggulangan Bencana, Jakarta, 2018. 

Accessed: Jun. 14, 2025. [Online]. Available: https://sites.google.com/view/krb-bnpb/proses-krb 

[22] F. Usman and I. C. Sari, “Determining the Location of Shelters for Tsunami Evacuation Based 

on Service Area Analysis in Paseban Village, Kencong Sub-District, Jember District,” IOP Conf 

Ser Earth Environ Sci, vol. 328, no. 1, 2019, doi: 10.1088/1755-1315/328/1/012039. 

[23] J. Post et al., “Assessment of human immediate response capability related to tsunami threats in 

Indonesia at a sub-national scale,” Natural Hazards and Earth System Science, vol. 9, no. 4, pp. 

1075–1086, 2009, doi: 10.5194/nhess-9-1075-2009. 

11



Journal of Green Science and Technology    P-ISSN : 2598-1277 

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966 

Journal of Green Science and Technology - Vol.9 No.2, September 2025 | 160 

[24] T. Charnkol and Y. Tanaboriboon, “Tsunami Evacuation Behavior Analysis,” IATSS Research, 

vol. 30, no. 2, pp. 83–96, 2006, doi: 10.1016/s0386-1112(14)60173-4. 

[25] H. P. Rahayu and J. Anita, “Pedoman Teknik Perencanaan Tempat Evakuasi Sementara (TES) 

Tsunami,” Jakarta, 2013. 

[26] R. I. Liperda, I. Sukarno, N. Utami, and S. Yenda, “Location Design of GIS-Based Temporary 

Evacuation Sites (TES) by Considering the COVID-19 Pandemic Situation: A Case Study in 

Padang City),” 2023. [Online]. Available: http://ojs.stiami.ac.id 

[27] E. M. P. Koemesan, J. I. Kindangen, and A. E. Tungka, “Perencanaan Jalur Evakuasi Bencana 

Tsunami di Kawasan Strategis Pariwisata Nasional Likupang Kabupaten Minahasa Utara dengan 

Metode Network Analyst,” MEDIA MATRASAIN, vol. 21, no. 1, pp. 13–22, Jun. 2024, doi: 

10.35793/matrasain.v21i1.56039. 

[28] A. A. Yusri Tanra, R. Mulyadi, and M. M. Sir, “Analisis Perencanaan Tempat Evakuasi 

Sementara dan Jalur Evakuasi Tsunami di Area kurang Sistem Informasi Geografi studi kasus: 

Kabupaten Mamuju,” Jurnal Linears, vol. 6, no. 2, pp. 87–95, 2023, doi: 10.26618/j-

linears.v6i2.11572. 

[29] F. A. Waluyo and M. K. Wardhani, “Perencanaan Wilayah Pesisir Berbasis Mitigasi Bencana 

Tsunami Studi Kasus Di Kabupaten Bantul Daerah Istimewa Yogyakarta,” Juvenil:Jurnal Ilmiah 

Kelautan dan Perikanan, vol. 2, no. 3, pp. 226–235, 2021, doi: 10.21107/juvenil.v2i3.11659. 

  

 

 

 

  

12


