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Abstract. This article presents the main development components Early Earthquake Warning 

and Evacuation System (EEWES) for the Ranau District of Sabah. Many early earthquake 

warning systems have been developed since the last major earthquake in Ranau in 2015, but 

none has appropriately investigated the school children evacuation processes/exercises. The 

system was developed not just to expedite the evacuation process at these schools but also to 

help evacuate the school children and to get in touch with the children's parents who are 

outstation. Those parents will be updated on the evacuation initiative that is taking place on a 

real-time basis. The system may also transfer the evacuation details to the local and federal 

emergency services and other agencies concerned with the evacuation exercises. The system 

mainly utilised the APIs released by regional disaster centres, which may deliver speedy 

transmission alerts. The future research direction is to incorporate the local tremor sensor details 

into the system. 

1. Introduction 

Back in 2015, tremors with a substantial magnitude of 6.0 were experienced throughout the State of 

Sabah, including Federal Territory of Labuan, Beaufort, Beluran, Keningau, Kota Belud, Kota Kinabalu, 

Kota Marudu, Kudat, Kunak, Penampang, Putatan, Sandakan, Tambunan, Tuaran, Lawas, Limbang, 

Miri and Brunei. The substantial magnitude has caused eighteen fatalities on Mount Kinabalu (i.e., nine 

Singaporeans, six Malaysians, and three miscellaneous nationals). In addition, 140 climbers stranded on 

the mountain were rescued [1]. As a result, townships near the epic centre, such as Ranau, have 

experienced many changes in exposure to earthquakes [2-4]. For instance, many attempts were 

established to develop Earthquake Emergency Warning and Evacuation Systems (EEWES). These 

warning systems development initiatives were nonetheless focused solely on the detection perspective. 

Another predicament with the existing EEWES development initiatives is the lack of focus upon school 

children emergency evacuation [5] & [6]. As a result, those alerts have not been thoroughly combined 

with the other apps that can accommodate the needs of school children. There are also non-integration 

system weaknesses of the existing local seismic accelerometers like short-time windows alert, false 

event declarations, expensive maintenance, etc. 
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2. Significance of the studies 

Ranau and other towns close to the epic centre, such as Kota Belud, are now highly susceptible to major 

natural disasters such as earthquakes, flooding and landslides. Given the high probability that these 

disasters might reoccur, and no thorough effort thus far was initiated to develop a proper Earthquake 

Emergency Warning and Evacuation Systems (EEWES) which involved the school children, their 

parents and teachers, this article outlines the initial EEWES development initiative, which was 

constructed for schools in Sabah. 
 

 

3. Review of the literature 

In an earthquake incident, an EEWES conceivably represents a source of alarms for assisting school 

emergency coordinators in their duties, allowing them to start the emergency plans. The teacher 

appointed as the emergency supervisor will consider the evacuation procedure by activating warning 

signals (e.g., siren and social media). They may warn other teachers responsible for evacuations and 

coordinate all the needed operations. In addition, the teacher must constantly be in contact with the 

parents [7]. 

EEWES for schools can be described as systems that seismic networks produce prompt alert 

messages to users (e.g., school children, teachers, and parents) within seconds of the beginning of an 

earthquake. Therefore, the system can be a viable means for implementing protective measures to lessen 

the number of schools facing earthquakes. For instance, the EEWES has benefitted the OKI Factory in 

Japan [8]. As a result, the system has been able to offer a significant reduction of losses. The critical 

parameter of the system is the lead time for taking rapid actions once an earthquake has been promptly 

detected [7]. However, lead times depend upon the distance between the earthquake source and the 

targets (school children, teachers, and parents) to be protected. Therefore, the time required to implement 

protective measures may vary from no warning to greater distance. 

A review of the EEWES concepts and methodologies have been discussed by [9-11].  These articles 

highlight how challenging it can be for the school emergency coordinator to make the precise steps 

during an earthquake, often when the tremor has already been felt. Without proper EEWES for schools, 

children and their teachers will not be ready for an earthquake prompt evacuation. The evacuation 

exercise cannot thus occur as they were not within reach of the tremor information they were supposed 

to have. An integrated EEWES for schools will aid the school children and their teachers to evacuate 

rapidly and encourage the teachers (acting as evacuation supervisors) to effectively communicate with 

the parents on the present state of their children. These parents will be updated on the evacuation 

initiative that is taking place on a real-time basis. The system may also send the evacuation details to 

the emergency services and other agencies involved in the evacuation exercise. There is thus a need to 

intensify the state governments' readiness by developing an integrated EEWES for schools. 

4. Research methodology 

The problem with the existing EEWES development initiative is its lack of focus upon school children 

emergency evacuation. Most of the initiatives thus far only focus on the detection perspective since the 

last major earthquake event in Ranau. The system development methodologies were classified into four 

main parts: 1) Developing a control centre web-based app 2) Developing a school children evacuation 

emergency Android-based app, 4) Setting the earthquake alert APIs from Pacific Disaster Center 

(www.pdc.org) and the United States Geological Survey (USGS), and 4) Implementing and integrating 

all the development initiatives involved.  

The development methodologies employed were fundamentally agile-based (i.e., Extreme 

Programming). Extreme Programming (XP) was adopted as the overall development methodology for 

the proposed warning system to help circumvent development delay. Furthermore, as an agile 

development methodology, it advocates regular "releases" in short development cycles and introduces 

checkpoints to promote requirement loops. Other XP elements combine code simplicity, user 

requirements, and frequent communication with the end-users. In addition, the proposed warning system 
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can be designed not just for scalability but also for cost. Finally, XP is a team approach development 

methodology that enhances software quality and responsiveness to changing customer needs. 

4.1. Developing a control centre web-based app 

The Windows-based monitoring centre app will send alert messages to the mobile apps. The aims are to 

encapsulate some regional early warning systems centres such as PDC and USGS data and determine 

its magnitude. The lead times from these stations are essential as they will determine how quick the 

school children will be alerted about an earthquake event. The app is designed to cope with a target site 

like Ranau, close to a seismogenic area. 

 

4.2. Developing a school children evacuation emergency Android-based app 

The Android-based school-children app will capture the messages from the external disaster and local 

monitoring centres and release the alerts to the end-users (Figure 1). 

4.3. Setting the on-site API earthquake alert from Pacific Disaster Center (www.pdc.org) and the 

United States Geological Survey (USGS) 

This stage will focus on building the alert to detect the earthquake. In this instance, the API earthquake 

alerts from United States Geological Survey (USGS) and Pacific-Disaster Centre will be streamed to 

both the control centre and school children apps. While an event occurs, both apps can promptly perform 

event detection and provide location and magnitude estimates. 

 

 
Figure 1. System log-in page. 

4.4. Setting the on-site API earthquake alert from Pacific Disaster Center (www.pdc.org) and the 

United States Geological Survey (USGS) 

The fourth stage is the system integration methodology. This involves a few rounds of field tests to 

ensure that the application is working well (providing evolutionary alerts like bell alarms and earthquake 

emergency evacuation 'To Do List'), embodied in its components, their relationships to each other, and 

the principles governing its design. This stage ensures that the application developed is operational and 

used, ensuring that the information system meets the quality standard. 

5. System description and discussions 

The critical components of the systems are divided into two parts (Figure 2). The Windows-based 

monitoring app primary function was to assure that the school children Android-based app was up-to-

date. This was done through consecutive examinations of the Android-based apps. The Android-based 

school children apps were the core component of the entire school children EEWES. It does have log-
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ins for the school emergency supervisors and parents or guardians of the school children. However, its 

primary function is two-fold: 1) for the emergency supervisor to refresh the present state of the children 

and 2) for the parents of the children to be updated with the present state of their children. This function 

is crucial as not all the parents of these children are within the school's neighbourhood when an 

earthquake occurs. 

 

 
Figure 2: Main components of the system architecture. 

 

The school children EEWES integrates Windows-based control centre app, Android-based school 

children app and alerts from disaster centres throughout the globe such as Pacific Disaster Centre and 

the United States Geological Survey APIs to accommodate rapid alert messages to school children. 

These parents need up-to-the-minute alerts and information. The shared earthquake APIs from these 

disaster centres have enabled the school children EEWES to be developed (Figure 3).  

 



Natural Disaster Seminar 2019
IOP Conf. Series: Earth and Environmental Science 1103 (2022) 012039

IOP Publishing
doi:10.1088/1755-1315/1103/1/012039

5

 
 
 
 
 
 

 
Figure 3: Information flow of the EEWES. 

 

An early alert from the regional disaster centres will indeed allow the emergency supervisors of the 

schools in Ranau to rapidly react to the situations by ensuring the safety of the students and calm the 

parents down. In addition, the supervisors may also alert the local authorities for further evacuation 

initiatives. The development initiative is evolutionary. The alerts that were extracted from the disaster 

centres are 3-5 minutes late. Although the reading is lagging, it is worthwhile for the emergency 

supervisors in Ranau to initiate the evacuation plan. 

6. Conclusions 

Many EEWES have been developed since the last earthquake in Ranau [12]. Nonetheless, these systems 

have excluded the need for school children to be evacuated. The component-based development 

approach has allowed all the main components of the school children to be rapidly developed. The 

originality mainly lies in systems development, integration, and implementation methodologies, 

bringing together on-site sensor and disaster centre alerts, monitoring centres and school children apps. 

This integration work moves forward the existing focus of EEWES, which solely focusing upon the on-

site sensor alert perfection studies. In addition, the proposed prototype usage may also be extended to 

other kinds of natural disasters such as tsunami. 

7. Acknowledgements 

This research was supported by the Internal Research Grant of Universiti Malaysia Sabah (SGI0083-

2018). The authors wish to thank all the research assistants involved. 

8. References 

[1] A. M. R. Ak Matusin, S. Chamhuri, and S. Halim, “Assesment of Tourism Entrepreneurs' 

Exposure to Natural Disasters: A Case Study of Ranau Eartquake (2015),” Journal of 

Sustainability Science and Management, vol. 15, pp. 167-190, 2020. 



Natural Disaster Seminar 2019
IOP Conf. Series: Earth and Environmental Science 1103 (2022) 012039

IOP Publishing
doi:10.1088/1755-1315/1103/1/012039

6

 
 
 
 
 
 

[2] Edgar Jr. Joe, Felix T. & Rodeano R.. 2018. Debris Flow Susceptibility Assessment at A Basin 

Scale: A Case Study at Bundu Tuhan, Ranau, Sabah, Malaysia. ASM Sci. J. 11: Special Issue 

2018(2) for SANREM (Natural Resources). pp: 36-48. 

[3] Rodeano R., Termizi A. K., Elystarina I. & Felix T. 2018. Earthquake Vulnerability Assessment 

(EVAs): A study of Physical Vulnerability Assessment in Ranau area, Sabah, Malaysia. ASM Sci. 

J. 11: Special Issue 2018(2) for SANREM (Natural Resources). pp. 66-74. 

[4] Mohammad Radzif Taharin & Rodeano Roslee. 2021. The Application of Semi variogram and 

Ordinary Kriging in Determining the Cohesion and Clay Percentage Distribution in Hilly Area of 

Sabah, Malaysia. Int. Jour. of Design & Nature and Ecodynamics 16 (5): 525-530. 

[5] B.-R. Wu, N.-C. Hsiao, P.-Y. Lin, T.-Y. Hsu, C.-Y. Chen, S.-K. Huang, and H.-W. Chiang, “An 

integrated earthquake early warning system and its performance at schools in Taiwan,” Journal 

of Seismology, vol. 21, no. 1, pp. 165-180, 2017. 

[6] Y. Cai, and J. Baptist, “Cleansing the Sacred Mountain in the Aftermath of the 2015 Mount 

Kinabalu Earthquake,” Journal of the Malaysian Branch of the Royal Asiatic Society, vol. 310, 

pp. 61-78, 2016. 

[7] S. S. Bikar, B. Rathakrishnan, M. R. Kamaluddin, N. Che Mohd Nasir, and M. A. Mohd Nasir, 

“Social Sustainability of Post-Disaster: How Teachers Enable Primary School Students to Be 

Resilient in Times of Ranau Earthquake,” Sustainability, vol. 13, no. 13, pp. 7308, 2021. 

[8] Motosaka, M., Fujinawa, Y., Yamaguchi, K., Kusano, N., Iwasaki, T., & Satake, A., December). 

Appplication of early warning system for disaster prevention in schools using real-time 

earthquake information. In 8th US National Conference on Earthquake Engineering 2006, pp. 

6280-6287, 2006. 

[9] A. Zollo, G. Iannaccone, M. Lancieri, L. Cantore, V. Convertito, A. Emolo, G. Festa, F. Gallovič, 

M. Vassallo, C. Martino, C. Satriano, and P. Gasparini, “Earthquake early warning system in 

southern Italy: Methodologies and performance evaluation,” Geophysical Research Letters, vol. 

36, no. 5, 2009. 

[10] J. Ganpatrao, “Knowledge and practices of school teacher regarding disaster management,” 

International Journal of Health System and Disaster Management, vol. 2, no. 2, pp. 98-102, April 

1, 2014. 

[11] H. Shi, Y. Yu, and Y. Wang, “Early Warning Method for Sea Typhoons using Remote-Sensing 

Imagery Based on Improved Support Vector Machines (SVMs),” Journal of Coastal Research, 

no. 82 (10082), pp. 180-185, 2018. 

[12] A. Abu Samah, H. Shaffril, N. Ramli, J. Lawrence, D. Dahalan, and N. Mohamed, “Readiness 

towards earthquake disasters among community in Peninsular Malaysia,” Environmental 

Hazards, pp. 1-14, 08/09, 2021. 

 


