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Abstract. The coastal zones of Indonesia are still highly vulnerable 
to the threat of tsunamis especially where technical early warning 
systems are not well integrated with community awareness and 
response. This research developed an IoT-supported tsunami 
preparedness model that combines sensor information, local wisdom, 
and community communication channels to improve last-mile 
disaster communication in Bandar Lampung. This study used a 
qualitative exploratory case study approach based on expert-based 
focus group discussion information and a structured readiness 
assessment involving stakeholders in disaster management, local 
governance, social inclusion, risk communication, community 
leadership and IoT engineering. The result shows that the tsunami 
preparedness system of Bandar Lampung is in the moderate 
readiness category. Existing strengths include communication 
pathways through local government, RT/RW networks, mosque 
loudspeakers, community leaders and the emergent use of IoT-
based environmental monitoring. However, there are a number of 
gaps including sensor reliability, maintenance procedures, public 
understanding of IoT signals, two- way feedback, vulnerable groups, 
evacuation drills and standardisation of warning messages. The 
proposed hub-and-spoke model allows IoT sensors to send 
environmental informasi to a local decision-support hub, where the 
informasi are converted into actionable messages and disseminated 
through trusted community channels such as kentongan and 
traditional leaders. This study advocates for people-centered coastal 
resilience as per SDG 11 and SDG 13. 

1 Introduction 

Communicating disaster risk effectively is an important part of preparing communities, 

especially those along coasts where hazards are complex and dynamic. Early warning 

systems can only reduce disaster losses if warnings are timely and credible, easily understood 

and translated into concrete protective actions by households, communities and institutions 
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[1]. In Indonesia this challenge is very pertinent as the country is exposed to multiple 

overlapping seismic, volcanic, hydrometeorological and coastal risks requiring warning 

systems that link scientific sensing, institutional coordination and community- level 

communication practices. 

 Indonesia has made significant progress through the Indonesia Tsunami Early Warning 

System (InaTEWS) operated by BMKG that integrates real-time seismic monitoring and 

coastal hazard assessment. However, technological sophistication is no guarantee of effective 

preparedness when warning messages do not reach communities in actionable and locally 
meaningful forms [2]. The Sunda Strait tsunami on 22 December 2018 demonstrates this 

limitation. The flank collapse of Anak Krakatau generated a tsunami that hit the coastal areas 

of Banten and Lampung without the usual precursor of strong ground shaking, revealing the 

challenge of communicating non-tectonic tsunami risk in conditions of rapid onset and 

scientific uncertainty [3]. 

 As a coastal city with a view of the Sunda Strait, Bandar Lampung is an important but 

little-studied location for disaster communication studies. Exposure and evacuation 

complexity are increased by its mixed urban-peri-urban coastline, transportation linkages, 

bay shape, and dense coastal populations. Despite the existence of local communication 
infrastructures including RT/RW networks, religious organizations, mosque loudspeakers, 

and community leaders, there is still little practical integration between them and sensor-

based early warning systems. Previous research demonstrates that when culturally embedded 

practices—such as Smong, kentongan, and other reliable local channels—are positioned as 

redundant components within official warning systems, they can improve warning legitimacy 

and community reaction [4], [5]. 

 In order to close the ongoing last-mile gap in coastal disaster preparedness, this study 

investigates how an IoT-supported tsunami preparedness model might incorporate sensor 

data, local knowledge, and community communication channels. In support of sustainable 

coastal resilience, the study offers a context-specific paradigm for converting technical 

hazard signals into standardized, culturally understandable, and practical public messaging. 

 
Fig 1. Conceptual integration of IoT sensing, institutional decision-making, local wisdom, and 
community action. 
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1.1 IoT-Based Early Warning System 

An early warning system based on IoT is the arrangement of interconnected sensors, 

communication networks, data processing platforms and alert dispersal mechanisms to detect 

potential risks and enable prompt disaster response. IoT in disaster preparedness: IoT can be 

used to monitor the environment continuously and record real-time data from various devices 
such as water-level sensors, seismic sensors, weather stations, buoys, or even low-power 

monitoring nodes. This data can then be sent to the dashboard or decision-support system for 

analysis. However, the effectiveness of early warning based on IoT should not be interpreted 

as a matter of technology availability. A strong early warning system must be end-to-end and 

people-centred. This means that hazard detection, monitoring, risk analysis, warning 

dissemination and community response must work as an integrated chain [6] Recent reviews 

indicate that IoT has the potential to increase speed, coverage and automation in disaster 

monitoring, but performance is still affected by sensor reliability, data interoperability, 
maintenance capacity, power supply, network stability and institutional willingness to 

translate technical signals into actionable warnings [7]. This is especially important for 

tsunami preparedness, where sensor data is only as good as the ability to quickly convert it 

into simple instructions for the public before the warning window closes. Hence, an IoT-

based early warning system should be perceived as a socio-technical system rather than a 

technical infrastructure that links sensing devices, local authorities, communication 

protocols, and community-level preparedness. “Without that integration, IoT will be a tool 

for monitoring, not triggering protective action.” This work frames IoT-based early warning 
as the technological backbone of a larger tsunami preparedness model that connects sensor 

data to local decision making, trusted communication channels and community response 

mechanisms towards sustainable disaster resilience. 

1.2 Last-Mile Disaster Communication 

Last-mile disaster communication is the critical stage in which warning information is 

transmitted from technical and institutional systems to at-risk communities in ways that can 

be received, understood, trusted, and converted into protective action. The last mile of early 

warning systems is often the weakest, as scientific detection and institutional alerts do not 

automatically result in community response. The United Nations Office for Disaster Risk 

Reduction emphasises the importance of communicating warnings to populations at risk  

especially those that are geographically isolated, socially marginalised or less connected to 

digital communication channels [8] This means that last mile communication is not only 

about delivery of a message but it is a socio-communicative process that involves credibility, 

timing, language, accessibility, local intermediaries and community preparedness [9] people-

centred early warning systems need extension nodes to communicate warnings from formal 
institutions to at-risk populations, especially where policy and technical systems do not have 

sufficient downstream capacity. Thus, disaster communication must be conceptualised as an 

end-to-end chain linking hazard monitoring, institutional decision-making, message 

interpretation, and community action. The critical issue is when warnings are technical, top-

down, or not connected to local communication practices, resulting in delayed response, 

confusion, or inaction. This challenge is more urgent for tsunami preparedness because the 

window for response is often brief and communities need concrete, actionable instructions, 

not abstract risk information. Last mile disaster communication therefore provides the 

analytical basis for how IoT sensor data can be converted into locally relevant warning 

messages through trusted community channels, allowing early warning systems not only as 

detection infrastructures but life-saving mechanisms and sustainable coastal resilience 

building. 
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1.3 Local Wisdom and Community-Based Warning Channels 

Local wisdom and community based warning channels are an essential element of disaster 

preparedness, linking formal warning systems with the cultural knowledge, trusted actors and 

everyday communication practices of local communities. In Indonesia, disaster mitigation 

has long been supported by locally embedded practices such as oral traditions, natural signs, 

religious networks, traditional gathering places and simple warning tools that are known and 

trusted by communities. The famous example of Smong in Simeulue demonstrates how 
indigenous knowledge transmitted in stories, songs and collective memory helped 

communities to interpret the signs of the tsunami and to undertake fast self-evacuation 

measures during the 2004 Indian Ocean tsunami [10], [11]. Similarly, traditional tools such 

as kentongan demonstrate that low-technology warning channels can remain relevant 

because they are accessible, power-independent, and socially familiar, especially when 

digital networks are disrupted [12]. But local knowledge should not be romanticised as a 

substitute for modern early warning systems. It adds value by increasing the social 

legitimacy, redundancy, and actionability of formal warnings. Local wisdom can be used as 

a community interface for IoT-supported tsunami preparedness by translating sensor-based 

alerts into trusted public cues through neighbourhood leaders, mosque loudspeakers, 

traditional leaders and locally recognised symbols. This view is that community-based 
warning channels are not cultural add-ons but functional components of a socio-technical 

disaster communication system. So, combining local wisdom with IoT-based early warning 

might help to close the gap between technical detection and community action, especially in 

the coastal areas where the response time is short and the public trust determines whether the 

warnings are heeded. 

2 Method 

This study explored disaster communication preparedness by integrating development 

communication and Internet of Things (IoT) technology in Bandar Lampung through a 

qualitative exploratory case study method. This approach was deemed appropriate because 

the objective of the study was to generate context-specific insights about last-mile 
communication mechanisms rather than test causal relationships or measure behavioural 

outcomes [13]. The data collection was conducted through a single expert-based Focus Group 

Discussion (FGD) which was held on 28 May 2025 at the Kangkung Sub-district Office for 

approximately three hours. Seven participants were purposefully selected to be representative 

of the entire warning-to-action chain at the local level: a provincial disaster management 

official from BPBD, a community empowerment specialist, a gender and social inclusion 

specialist, an academic expert in risk communication and instrument development, an IoT 

engineer, the Head of Kangkung Sub-district, and a neighborhood/RT representative. The 

sample was not statistically representative, but followed the logic of expert FGD, in which 

the authority, expertise and direct involvement of the participants in the phenomenon under 

study determine the analytical adequacy [14].  
 In addition to qualitative elicitation, participants completed a structured readiness 

assessment instrument consisting of four analytical aspects: development communication 

strategies, utilization of IoT technology, community and institutional preparedness, and 

integration of communication and technology [15]. There were 15 indicators for each 

dimension, for a total of 60 indicators. The indicators were derived through an integration of 

relevant literature on disaster risk communication, early warning systems, ICT4D, and 

community preparedness, in accordance with the Indonesian disaster management policies 

and early-warning protocols, and refined through expert judgement in the FGD (HS et al., 

2025). Each indicator was rated on a four-point ordinal scale: 1 = Not Ready, 2 = Moderately 
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Ready, 3 = Ready, and 4 = Highly Ready. Scores within aspects and across aspects were 

summed to produce an overall readiness score ranging from 60 to 240. The readiness 

thresholds of Not Ready (60-89), Moderately Ready (90-149), Ready (150-209) and Highly 

Ready (210-240) were heuristic categories, not absolute measures of performance, to 

visualise relative strengths and gaps in the local preparedness system. FGD recordings were 

transcribed verbatim and analysed thematically using iterative coding to identify common 

patterns, bottlenecks, and opportunities for integrating communication and technology. 

Table 1. Expert FGD composition and analytical roles. 

Stakeholder / expertise represented Analytical contribution to the study 
Provincial disaster management official 

(BPBD) 
Institutional coordination, warning procedure, and disaster 

management workflow 

Community empowerment specialist 
Community participation, local capacity, and mobilization 

pathways 

Gender and social inclusion specialist 
Inclusion of older adults, persons with disabilities, 

children, and informal coastal workers 
Risk communication and instrument-

development academic 
Message clarity, credibility, and readiness-assessment 

validity 

IoT engineer 
Sensor feasibility, data transmission, maintenance, 

interoperability, and dashboard use 

Head of Kangkung Sub-district 
Local governance, administrative coordination, and 

community access 

Neighborhood/RT representative 
Last-mile communication, resident feedback, and practical 

evacuation concerns 

Table 2. Readiness assessment structure and scoring rubric. 

Component Description used in the assessment 

Analytical aspects 
Development communication strategies; utilization of IoT technology; 

community and institutional preparedness; integration of 

communication and technology 
Indicators 15 indicators per aspect, producing 60 total indicators 
Rating scale 1 = Not Ready; 2 = Moderately Ready; 3 = Ready; 4 = Highly Ready 
Total score range 60 to 240 

Interpretive thresholds 
60-89 Not Ready; 90-149 Moderately Ready; 150-209 Ready; 210-

240 Highly Ready 

Use in this study 
Heuristic diagnostic categories to visualize relative strengths and gaps 

rather than absolute performance measures 

 

 Descriptive statistics were used to summarize readiness scores and complement the 

qualitative findings. Credibility was enhanced through triangulation of transcripts, facilitator 

notes, and visual artifacts; dependability was supported by maintaining an audit trail of 

coding and scoring procedures; and confirmability was strengthened through dual coding of 

selected transcript segments, with discrepancies resolved through analytical discussion 

among the research team. All participants provided informed consent, personal identifiers 

were removed from the reporting, and the data was stored securely.  

 However, the study has a number of methodological limitations including reliance on 

one FGD with seven purposively selected participants, the use of expert perceptions rather 
than observed behavioural outcomes or metrics of system performance, and the absence of 

field-based prototyping or before–after drills to measure warning latency, message reach, or 

protective action. Therefore, the results should be seen as exploratory and diagnostic rather 

than confirmatory. Future research is encouraged to employ multiple FGDs, key informant 

interviews, household surveys, and experimental or quasi-experimental designs to test the 

external validity and behavioural implications of IoT-supported communication workflows.  
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3 Result and Discussion 

The results show that the tsunami preparedness of Bandar Lampung is in the category of 

moderate readiness. The total overall readiness is 141 out of 240 (58.8%). The result suggests 

that the current system already has basic institutional coordination, pathways for community 

communication and emerging IoT-based monitoring practices, but these elements are not yet 

fully integrated into a reliable end-to-end early warning system. The study demonstrates, 

through the concept of an IoT-Based Early Warning System, that IoT technology has started 

to support environmental monitoring, local decision-making and early warning workflows. 

In addition, operational reliability is still limited by sparse sensor deployment, irregular 

maintenance, weak calibration routines, uneven public access to data, and partial 

interoperability with national or municipal data systems. Thus, IoT in Bandar Lampung now 
works more as a supporting monitoring tool rather than an embedded decision-support tool 

that can generate fast, standardised, and actionable warnings. 

 

Fig 2. Overall readiness score of Bandar Lampung tsunami preparedness based on the structured 
assessment. 

 The most robust domain in terms of Last-Mile Disaster Communication is development 

communication with 38 out of 60. Existing communication channels via local government, 

RT/RW networks, mosque public address systems, community leaders and periodic 

community meetings provide an important basis for warning dissemination. These are trusted 

and familiar channels in a social context, which helps to maintain the credibility of the 

message. But there are still a number of weaknesses. Communication remains mostly top-

down, the feedback from residents is mostly ad hoc and the diffusion of messages is often 

dependent on limited dominant channels. Public understanding of warning products, 

particularly for tsunamis where the ground shaking is not strong, is uneven. The limited 
representation of vulnerable groups such as older adults, persons with disabilities, children 

and informal coastal workers offers further evidence of the lack of inclusive, people-centred 

preparedness in warning communication. Therefore, the last-mile gap in Bandar Lampung is 

not due to the lack of communication structures, but the lack of standardised message 

translation, layered dissemination, and routine feedback mechanisms. 

 The idea of Local Wisdom and Community-Based Warning Channels further explains 

why community-based infrastructures should not be considered as just cultural complements 

but as functional nodes of the early warning system. The proposed hub-and-spoke model 

considers IoT sensors as data sources that send environmental signals to a local decision 

support hub. This hub’s technical data is then translated into brief public instructions and 

shared through trusted channels, including mosque loudspeakers, RT/RW coordinators, 
community radio, official social media, traditional leaders, kentongan, and local deliberation 

spaces such as tiyuh and pepadu. This model increases redundancy by guaranteeing that a 

single authoritative message can travel along multiple communication pathways including 
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low-technology and power-independent avenues. It also builds trust, because the warnings 

are delivered by actors and symbols already familiar and trusted by the community. 

 

Fig 3. Proposed hub-and-spoke model connecting IoT sensor data with trusted community warning 
channels. 

 

Fig. 4. Qualitative priority gaps for improving the tsunami preparedness system. 

 Overall, the results showed that the tsunami preparedness system in Bandar Lampung 

has been working, but it is still weak. The main problem is not only the lack of technology, 

but the lack of integration between the data of the sensors, the institutional routines and the 

practices of communication within the community. To move from moderate to high 

preparedness, three improvements are needed: strengthening IoT reliability and data 

governance; developing standardised warning templates linked to clear activation thresholds; 

and institutionalising community drills that link sensor cues to local warning channels. These 
steps would contribute to the transformation of the IoT-supported early warning from a 
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technical monitoring system to a people-centered preparedness model in line with sustainable 

coastal resilience. 

Table 3. Summary of findings, gaps, and recommended improvements. 

Finding domain Observed strength Remaining gap Priority improvement 

Communication 

pathways 

Local government, RT/RW 

networks, mosque 

loudspeakers, community 

leaders, and meetings are 

available. 

Messages are still 

largely top-down and 

dependent on limited 

dominant channels. 

Develop layered 

dissemination protocols 

and a routine resident-

feedback mechanism. 

IoT-based 

monitoring 

Environmental monitoring 

is emerging and can 

support local decision-

making. 

Sensor deployment, 

calibration, 

maintenance, power 

supply, and 

interoperability remain 

limited. 

Set maintenance 

routines, data-

governance rules, and 

clear activation 

thresholds. 

Local wisdom 

and trust 

Kentongan, religious 

networks, traditional 

leaders, and familiar 

community spaces can 

improve legitimacy. 

Local channels are not 

yet standardized as 

formal warning nodes. 

Institutionalize local 

wisdom as redundancy 

within the official 

warning workflow. 

Community 

preparedness 

There is basic awareness of 

coastal risk and the need for 

warning-to-action 

coordination. 

Vulnerable groups, 

evacuation drills, and 

public understanding of 

IoT signals remain 

inconsistent. 

Conduct inclusive drills 

and produce simple, 

standardized warning 

templates. 

4 Conclusion 

This study concludes that Tsunami Preparedness in Bandar Lampung not only depends on 
the availability of IoT-based monitoring technology, but also on the effective integration of 

sensor data, institutional decision making, local wisdom, and trusted communication 

channels within the community. The suggested IoT-supported tsunami preparedness model 

indicates that early warning systems should operate as people-centred socio-technical 

systems that translate environmental signals into clear, standardised, culturally legible, and 

actionable public messages. The findings show that Bandar Lampung has a basic level of 

readiness through its current local governance systems, RT/RW networks, mosque 

loudspeakers, community leaders, and emerging IoT applications. However, there are gaps 

in sensor reliability, message consistency, bidirectional communication, incorporation of at-

risk populations, and regular practice sessions. The construction of these can help to achieve 

SDG 11: Sustainable Cities and Communities by enhancing urban resilience, disaster risk 

reduction and inclusive community readiness. The model also contributes to SDG 13: 
Climate Action by increasing adaptive capacity and early warning preparedness in coastal 

areas exposed to climate- related and geophysical hazards. The study thus provides a 

pragmatic framework for the development of sustainable, locally rooted and technology 

supported disaster preparedness in coastal urban contexts. 
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