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ABSTRACT

Residents living downstream of Kenyir dam (Stesen Janaelektrik Sultan Mahmud) are at risk of being flooded due to 
overflow through spillway, or worst, dam breaks. The nearest community to Kenyir dam is Kampung Jenagor (Kampung 
Jenagor) residents. A disaster preparedness action plan was proposed to equip the residents with essential knowledge 
on how to respond to such disaster and how to safely evacuate to designated safe havens. This paper presents one key 
element of the mentioned action plan, which is to develop and install a flood disaster early warning system. The system 
is aimed to effectively disseminate warning to Kampung Jenagor residents and ensure that there is a constant state of 
preparedness. The paper discusses the fundamentals of effective warning dissemination and basic design of Kampung 
Jenagor’s early warning system. 
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ABSTRAK

Penduduk yang tinggal di hiliran empangan Kenyir (Stesen Janaelektrik Sultan Mahmud) mempunyai risiko banjir yang 
berpunca dari limpahan air empangan melalui alur limpah, atau yang lebih teruk, apabila berlakunya empangan 
pecah. Komuniti yang paling hampir dengan empangan Kenyir adalah penduduk Kampung Jenagor (Kampung 
Jenagor). Satu pelan tindakan kesiapsiagaan menghadapi bencana telah diusulkan untuk melengkapkan penduduk 
dengan ilmu pengetahuan penting berkaitan dengan cara bertindak balas menghadapi bencana banjir dan seterusnya 
berpindah ke tempat selamat. Makalah ini membentangkan satu elemen penting dalam pelan tindakan kesiapsiagaan 
tersebut, iaitu penghasilan dan pemasangan sistem amaran awal bencana banjir. Sistem ini bertujuan untuk menyebarkan 
amaran banjir kepada penduduk Kampung Jenagor secara efektif dan untuk memastikan tahap kesiapsiagaan bencana 
yang berterusan. Makalah ini membincangkan perkara asas mengenai penyebaran amaran yang efektif dan reka bentuk 
sistem amaran awal di Kampung Jenagor.

Kata kunci: Kesiapsiagaan bencana; sistem amaran awal

INTRODUCTION

Officially opened in 1987, Kenyir dam has been a good 
provider of green electricity. The dam is 150 m in height 
above foundation, with a crest length of 800 m. It has the 

capacity to store 13 600 million cubic meters of water with 
maximum flood level at 153 m. Its large reservoir also 
served as flood mitigation purposes, which is to decrease 
or eliminate impacts of flooding to the communities living 
downstream of the dam. 
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The nearest community downstream of Kenyir dam 
is only 3 km in distance, which is the residents of Kampung 
Jenagor. Kampung Jenagor community does not only 
consist around 100 families but also includes teachers and 
students in Akademi Binaan Malaysia (ABM) Wilayah 
Timur and Sekolah Menengah Kebangsaan (SMK) Jenagor. 
Figure 1 shows the map location of Kenyir dam and 
Kampung Jenagor.

Residents in Kampung Jenagor have never experienced 
any flooding caused by Kenyir dam. Even during the great 
flood of 2014, water level in Kenyir dam only reached to 
height level of 148m. Hence, many of its residents felt safe 
from any flood risks and are not prepared for any flood 
hazards due to dam disaster.

FIGURE 1. Geographical location of Kenyir dam and 
Kampung Jenagor

Tenaga Nasional Berhad (TNB) as Kenyir dam’s 
owner, have initiated a disaster preparedness action plan 
which includes involvement of Kampung Jenagor 
residents. In this plan, TNB plans to install an early warning 
system (EWS) near the center of Kampung Jenagor. Its 
main function is to disseminate warnings on the impending 
disasters such as dam structural failures which can be 
caused by natural and man-made disasters. With the 
assistance of early warning system, Kampung Jenagor 
residents can strive towards being a resilient community 
to flood risk.

LITERATURE REVIEW

According to Hyogo Framework for Action 2005–2015, 
early warning is a key component of disaster risk reduction. 
According to Hyogo Framework for Action 2005–2015, 
enhancement of risk monitoring and early warning is given 
the second priority in its framework. Early warning was 

also listed as a key component in the Sendai Framework 
for Disaster Risk Reduction 2015–2030. 

According to United Nations International Strategy 
for Disaster Reduction (UNISDR), EWS is defined as a set 
of capacities needed to generate and disseminate timely 
and meaningful warning information to enable individuals, 
communities and organizations threatened by a hazard to 
prepare and to act appropriately and in sufficient time to 
reduce the possibility of harm or loss. A systematic 
community-centered early warning system comprises four 
key elements (Basher, R. 2006; Cools, J. et al. 2012] as 
shown in Figure 2.

FIGURE 2. Four elements of community-centered EWS

Warning of an imminent disaster is not only about 
imparting of information on what is about to happen, but 
the warning message itself must be credible (Nigg 1995) 
and contains explanation with advice on the necessary 
action in the real time of its pending or actual occurrence. 

Successful implementation of community-based EWS 
were reported in Bandung (I. Dewa Gede et al. 2017), in 
Nepal (Smith et al. 2017), and several European countries 
( Krzhizhanovskaya, V.V. et al. 2011). Technology has 
become a necessary tool in modern EWS to improve the 
performance and effectiveness of the system. Basha et al. 
in 2007 proposed mobile radio communication as a mean 
of system communication to cover long-range 
communication links of approximately 25 km range in their 
EWS project in Honduras. 

Hadi et al. (2020) and Satria (2017, 2019) developed 
a small-scale prototype that detects and monitors water 
level using ultrasonic sensor and sends data to mobile 
phone application through IoT. At the larger scale, 
Kuantama et al. in 2013 reported the design and 
construction of a standalone EWS which transmit warnings 
via Short Message Service (SMS) to specific clients’ phone 
numbers. Balaji et al. (2017) and Jayahsree et al. (2017) 
reported EWS implementation using Zigbee-based wireless 
sensor network while Z.N.K Wafi et al. (2015) implemented 
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EWS using Smart Communication Platform System (SCPS), 
which is a large ad-hoc wireless network organized in the 
sky on the disaster area. In addition to wireless network, 
R.J.M. Mercado (2016) and A. Dersingh (2016) utilized 
microprocessor-based embedded platform to perform 
various EWS functions while J.K. Roy et al. (2012) utilized 
Artificial Neural Network to develop flood predictive 
model by considering six flood-related parameters. In 
supporting green technology, A. Yusoff et al.  (2015) studied 
and proposed the implementation of green cloud platform 
for early flood detection and warning system. 

Jose Ibarreche et al.  (2020) reported their 
implementation of flash flood early system in Colima, 
Mexico named Emergency Water Information Network 
(EWIN). The system integrates early warning system with 
real-time monitoring of areas with high flood risk. Similar 
to EWIN, Priya et al. (2017) and Shah et al. (2018) also 
implemented IoT-based EWS. The difference in the 
implementation lies in the alert processing and triggering 
methods and the precision of the sensors used. 

Considering the high costs of EWS especially when 
integrated with decision support system, the proposed EWS 
in Kampung Jenagor only utilized SMS technology. At this 
stage, the siren will not be integrated with Kenyir dam 
water level sensor system. SMS technology is sufficient to 
manage the desired EWS operations. The siren in Kampung 
Jenagor can be activated and deactivated via a coded 
message transmitted using SMS. Only selected people will 
be given the authority to activate and deactivate the siren. 

RESULTS AND DISCUSSION

Targeted location for EWS installation in Kampung Jenagor 
are based on several considerations, such as, its location 
should be near the center of Kampung Jenagor so that the 
siren sound can reach all residents. An ac power source 
(electric pole) must be nearby the targeted location. 
Location area with tall trees or structures must be avoided. 
This is to prevent the siren sound being absorbed by the 
immediate obstacles, thus reducing its range and coverage. 
Figure 3 shows the selected location of EWS, which is at 
the corner of football field outside SMK Jenagor.

The EWS in Kampung Jenagor consists of a Remote 
Terminal Unit (RTU) that performs data collection and 
monitoring of real time data, GSM modem to allow SMS 
data transmission, 12 V rechargeable battery as backup 
power supply in the event of power failure, strobe lights 
to transmit visual warnings, and siren system (siren horn, 
amplifier, and control) to generate the siren sound. A master 
system (dedicated PC workstation with GSM modem) is 
also installed in Kenyir dam’s control room to record 
transmitted data (battery health, siren status, etc.) and to 

control activation and deactivation of the siren. In addition, 
master system also performs other controls as required by 
TNB, such as switching off the siren sound while 
maintaining the strobe light to always be on, requesting 
battery health or siren status, and others.  Figure 4 shows 
the basic architecture of the proposed EWS.

Two different patterns of siren sound were proposed. 
The intermittent or wavering siren sound represents flood 
alert. Upon hearing this sound, community must make 
necessary preparations for the possibility of evacuation. 
The long and high-pitched siren sound indicates danger of 
flooding. Community must evacuate immediately. Each 
sound pattern is also associated to a colored strobe light. 
When alert sound is activated, the amber strobe light will 
turn on. When danger sound is activated, the red strobe 
light will turn on. The siren and strobe lights are mounted 
on a 16 m galvanized pole. The tall pole permits siren sound 
to propagate to a greater distance. Figure 5 shows the 
installation of EWS in Kampung Jenagor. 

After installation, EWS was then tested. The siren was 
successfully activated and deactivated via SMS message 
on a mobile phone as well as from the master station. The 
recorded siren sound intensity is measured around 80 to 
90 dB within 10 m of the pole and dropped to around 65 
dB at 1 km away from the pole.  In the open, sound spreads 
in all directions. The intensity decreases as its energy is 
spread over a larger area. 

The two patterns of siren sound are distinguishable by 
the residents. The warning sound is a wavering siren, 
swinging back and forth between the low 70 dB and the 
high 90 dB. The second siren sound is a high pitch danger 
siren. It is a continuous high pitch 90 dB sound intensity.

FIGURE 3. Location of EWS in Kampung Jenagor

FIGURE 4. Basic architecture of EWS in Kampung Jenagor
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FIGURE 5. EWS installation in Kampung Jenagor

CONCLUSION

An early warning system was conceptualized, designed, 
and installed in Kampung Jenagor, Kuala Berang. The 
system is essential to disseminate warnings to vulnerable 
community members on the impending flood from the 
failure of Kenyir dam. Data transmission between EWS 
and master system is implemented using SMS technology. 
Developing EWS in Kampung Jenagor is only the initial 
step to build a resilient community. Evacuation exercises 
and awareness campaigns must follow suit to create 
awareness and equip the residents with enough tools and 
knowledge to save themselves in the event of a dam 
disaster.
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