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Abstract

As a result of the massive death and destruction caused by the 2004 Indian Ocean Tsunami,
developing effective disaster preparedness strategies became a priority among countries in
the region. The Indian Ocean end-to-end tsunami warning and mitigation system was
established in the years following the tsunami and became fully operational in 2013. A
tsunami warning system is typically divided into two stages, upstream and downstream. The
former deals with detecting the earthquake and predicting the tsunami, and the latter focuses
on disseminating the tsunami warning and evacuating people. Between the upstream and
downstream there is an interface, where the tsunami information is evaluated at the national
level, a decision to issue a warning is taken, and an official evacuation order can be given. The
operation of interface mechanism differs across countries, depending on specific political,
social, cultural and geographical circumstances. A detailed study of four countries in the
Indian Ocean region was undertaken to understand the technical, legal and socio-cultural
complexities that occur during operationalisation of the interface. The findings of the
Indonesian case study and a detailed analysis of the interface arrangements in the Indonesian
tsunami early warning system (Ina-TEWS) are presented in this chapter. An initial literature
review was carried out and a conceptual framework was developed. Data collection was
carried out using interviews and focus group discussions. Descriptive and content analysis
methods were used for data analysis and organised under the themes of the conceptual
framework. Ina-TEWS was reviewed against each parameter in the conceptual framework to
understand how the interface arrangements have developed and performed since its
inception. The findings revealed several gaps in the operationalisation of the interface
arrangements in Ina-TEWS, and these were used to inform recommendations that could be
used to make improvements in the future. Due to the geographical and administrative factors,
the Ina-TEWS operates in a decentralised manner. The local level mechanisms are uniquely
complex in Ina-TEWS, and there is a need to expand and clarify the guidelines for the local
stakeholders. The involvement of many stakeholders at both national and local levels
necessitates clarity about the functions, SOPs and legal obligation of each actor. The
communication networks and the coordination among the interface institutions also need to
be improved for effective operation of the Ina-TEWS. However, the decentralised nature of
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the interface mechanism provides opportunities for quick delivery of warning and evacuation
information, as for evaluation and feedback processes. A summary of the centralised and
decentralised components of the interface mechanism is provided in the conclusion.
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1. Introduction

The Indian ocean region is exposed to a range of the natural hazards and is facing more
catastrophic and frequent disasters in the future due to impacts of climate change. Tsunamis
are among the deadliest of these disasters, and the 2004 Indian Ocean Tsunami (IOT)
recorded a death toll of 227,899 worldwide (NOAA, 2019a). 167,540 deaths were recorded in
Indonesia, and the wave and subsequent inundation also caused damage to infrastructure
and livelihoods, leaving communities with widespread repercussions over many years (NOAA,
2019b). Due to the massive death and destruction caused by the 2004 10T, much attention
was paid to tsunami preparedness and disaster prevention in the region. The end-to-end
Indian ocean tsunami early warning system (IOTEWS) was established as a result of these
efforts, and it became fully operational in 2013, covering countries in the region (UNESCO,
2013). The system was introduced to Indonesia in 2008, and in subsequent years was
continuously upgraded to improve its effectiveness and capacities (BMKG, 2010).

A tsunami early warning system was typically described as having two main stages, upstream
and downstream. The upstream process starts with the regional tsunami service provider
(RTSP), where the earthquake is detected and the threat of tsunami is forecasted. It is also
within the upstream that the national tsunami warning centre (NTWC) receives the warning
information from the regional centre (Bernard & Titov, 2015; IOC/UNESCO, 2015). The
tsunami warnings and evacuation orders are disseminated among the public during the
downstream (de Ledn, Bogardi, Dannenmann, & Basher, 2006; IOC/UNESCO, 2015). However,
there is a grey area between these two stages that had not, until recently, been widely
explored. When the earthquake and tsunami information is transferred from the RTSP to the
national level, the warning decision is taken and an evacuation order can be given. This occurs
before that information is disseminated to the public. This intermediate stage has been
defined as the interface. During this interface stage, three main actions occur: issuing the
warning, conveying the warning, and ordering for an evacuation to take place (Sakalasuriya,
Amaratunga, Haigh, & Hettige, 2018).

This interface is complex and dynamic due to the involvement of a large number of
stakeholders at different levels, and the rapid transmission of information and decisions. The
decisions are taken at both national and local levels, with the involvement of numerous
individuals and institutions. The process of decision-making and information dissemination is
influenced by not only the technical and administrative aspects, but also by human, social,
political and cultural factors. The authority of different stakeholders within the interface is
also determined by the demographic profile and geographic features of the particular
country, which makes the process unique and specific to each country. This makes the
interface complex and difficult to understand. However, understanding these dynamics is
vital to avoid ambiguities, and establish clear guidelines and protocols so that the system can
perform reliably and consistently during a tsunami event.



In order to better understand the technical, legal and socio-cultural complexities that occur
during operationalisation of the interface, a study was carried out on the tsunami early
warning system arrangements in four Indian Ocean countries. This chapter describes and
examines the findings from the Indonesian study, including the strengths and weaknesses
within the interface of the country’s tsunami early warning system (Ina-TEWS), and
recommendations that were developed to improve its operation.

2. Origin of Indonesian Tsunami Early Warning System (InaTEWS)

2.1. Conceptual framework
The Indonesian study was undertaken using a common framework that could be used in
different countries. This framework was underpinned by a detailed literature review, which
was used to understand current knowledge related to decision making and information
dissemination in a tsunami early warning system (Sakalasuriya et al., 2018).

For this study, the interface is defined as starting from when the warning information is
received at the national focal point and ending after the evacuation decision is taken, but
before it is publicised. The three key actions within interface are issuing the warning,
conveying the warning and ordering for evacuation (see figure 1). the literature review was
carried out to understand the key parameters against which the interface can be measured.
Warning systems used in tsunami disasters, as well as other natural crisis situations, were
considered. A brief summary of this review is presented below.
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Figure 1. The position of interface within the end-to-end TEWMS, authors’ composition (Sakalasuriya et al.,
2018)

Decision-making is a critical aspect of any interface arrangement. Among the decisions that
are taken during disasters, mega decision are generally the ones taken by the central
government and associated with authority, governance, speed and deliberation (Platt, 2015).
In a tsunami event, it is essential to take accurate and speedy decisions by all responsible
stakeholders involved (Ai, Comfort, Dong, & Znati, 2016). The decisions in disaster situations



are affected by the type and the size of the disaster and geo-political borders of the
communities, level of government openness and power to take decisions (Rosenthal &
Kouzmin, 1997). It is also necessary to define and integrate all the actors involved in an early
warning mechanism for it to operate smoothly, including those in informal roles (Basher,
2006). Depending on the nature of warning mechanism and the administrative structure, the
key stakeholders in the tsunami early warning interface can be operating at national and/or
local levels (Chareonmak & Sirikorn, 2016; Xavier & Araujo, 2016). The key stakeholders and
their roles may also be determined by the demographic, geographic and socio-cultural factors
(IOC/UNESCO, 2016). It was revealed that the warning and evacuation decisions of a disaster
can be delegated to national or local level actors depending on the country requirements
(Chatfield & Brajawidagda, 2013; InterWorks, 1998). The level of (de)centralisation of
decision-making in early warning system also varies based on the local circumstances
(Premalal & Kodippili, 2016; Spahn, Hoppe, Vidiarina, & Usdianto, 2010). However, warning
is generally treated as a decision of the central government, while dissemination and
evacuation orders can, based on country requirements, be either centralised or decentralised
(de Ledn et al., 2006; Samarajiva, 2005).

Standard operating procedures describe the guidelines on the actions to be taken at a certain
decision point (Nayak & Srinivasa Kumar, 2008; United Natios ESCAP, accessed in 2018). They
should be developed and made available to be followed by the national and local stakeholders
involved in the warning process (IOC/UNESCO, 2016).

Reliable and up to date technical facilities are also key in taking and delivering decisions within
the interface of a tsunami early warning system (Grabowski & Roberts, 2011). The technical
aspects cannot afford to fail during an emergency, and it is important to finance technical
improvements of the warning system, especially in developing countries that are exposed to
tsunamis (Chatfield & Brajawidagda, 2013; de Ledn et al., 2006; Spahn et al., 2010).

At the same time, it is necessary to strengthen the human capacity that links the technical
aspects with the warning decisions within the interface, and increase organisational risk
preparedness at all levels of governance (de Ledn et al., 2006; Kapucu & Garayev, 2011). In
order to minimise the human failures that occur during the interface, it is necessary to equip
the involved personnel with scientific knowledge and decision making skills, as well as with
adequate training (Anderson, 1969; Chatfield & Brajawidagda, 2013).

Hazard and vulnerability mapping can be carried out as a part of preparedness mechanism
for any disaster. To prepare for inundation following a tsunami, hazard maps can be used by
decision makers in order to plan the warning and evacuation activities, as well as to empower
local community decision making (Bernard, 2005; Titov et al., 2005). Socio-cultural factors can
also play a significant role in warning and evacuation decisions within the countries, and it is
useful to have an understanding of such local practices when planning the warning systems
(McAdoo, Moore, & Baumwoll, 2009; S. D. Perry, 2007).

An early warning system can operate more effectively if the coordination among the
stakeholders is effective and well-planned (Taubenbdck et al., 2009). Within the tsunami early
warning system, a large number of national, local, foreign, government and private actors
may communicate and coordinate among each other to achieve the common goal of
providing safety to the public (Elliott, 2016). A lack of coordination among these actors could



result in communities being left stranded and misguided (R. W. Perry & Green, 1982). It is
necessary to plan effective coordination among the national stakeholders, among the local
stakeholders as well as between national and local stakeholders (Haigh et al., 2020). For all
these functions to operate smoothly, it is also vital to have a properly designed, managed and
regulated communication mechanism that supports the primary motive of communicating
the accurate warning and evacuation information to the public (Hiltz, Diaz, & Mark, 2011;
Mersham, 2010; Samarajiva, 2005).

A conceptual framework was informed by these previous studies and reviews, capturing the
main criteria that are significant in analysing the tsunami early warning processes
(Sakalasuriya et al., 2018). This framework was used as a basis for developing the data
collection tools, and to organise the data analysis process. These concepts were the main
benchmarks against which the interface of the Indonesian tsunami early warning system was
evaluated.
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2.2. The case of Indonesian tsunami early warning system

Indonesia is a country that consists of several islands and is highly exposed to tsunami risk
due to its unique geographical positioning (Lauterjung, Miinch, Rudloff, & Sciences, 2010;
Scheffers, 2018). The country is also exposed to near field effects of tsunamis due to its
proximity to the earthquakes in the Indian ocean. This affords less time for planned
evacuations (Rynn, 2002), as tragically illustrated by the 2018 occurrence in Palu (Cunneen,
2018; NOAA, 2019a). The specific vulnerability context in Indonesia requires developing and
adapting risk mitigation strategies based on the local conditions.

Ina-TEWS was established and launched in 2008 as a national project with a number of
international partners. It was set up to warn people of a potential tsunami and prompt the
evacuation processes (BMKG, 2010). A guidebook was issued covering all aspects of the Ina-
TEWS, and this is considered as the principle document of reference by many stakeholders,
and is therefore used as a key document in the present study as well (BMKG, 2012b). It
includes guidelines on dissemination of earthquake information and tsunami warnings to the
communities, improvement in community awareness, and better preparation to minimise
risks. The process of preparation includes the installation of sirens, development of
evacuation maps, structured simulation and drills, and the development of evacuation areas
with sufficient access to the designated location. It is expected that the technology of the
early warning system is reliable and capable to help communities at risk in receiving,
understanding, and reacting to tsunami warnings in a quick and appropriate way.



2.2.1. Interface of InaTEWS

In general, the flow of data and communication in Ina-TEWS starts from BMKG toward the
exposed community, and can be divided into two stages:

1. The dissemination of tsunami warning information from BMKG
2. The evacuation order from an Emergency Operation Centre (EOC) of the Local Disaster
Management Office (LDMO/Pusdalop BPBD) after receiving a tsunami warning

In Indonesia, the interface occurs between these two stages. In the conceptual analysis, it was
defined by the authors as the point where the warning is received by the national focal point
and the decisions to warn and evacuate are taken before disseminating it to the public
(Sakalasuriya et al., 2018). As shown in figure 1, after the warning is issued by BMKG, the
downstream process begins and the interface institutions that carry the warning and
evacuation orders to the communities are highlighted in the middle of this process. Within
the broader design of the Ina TEWS, significant roles are played by interface institutions in
conveying and disseminating the tsunami warning, such as NDMO (BNPB), the Ministry of
Home Affairs, local governments, mass media, the Army (TNI) and Police. Different
communication methods and facilities are used for the dissemination process. Although the
decision to warn is taken at the national level (by BMKG), the evacuation decision is taken
and given by local governments (BMKG, 2012b). The evidence from recent earthquake events
in 2012 and 2016, also suggest that there are problems and gaps in delivering of tsunami
warning information from the national level to the local level, as well as at the local level itself,
due to weaknesses in the technical operation, the early warning message, the mode used,
and in the human resource capacity (Tim Kaji Bersama, 2017).
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Figure2. Communication Flow of Ina TEWS (1) (Source: BMKG, 2012)

A study conducted by the Bandung Institute of Technology (ITB) team showed that the Ina-
TEWS development increased rapidly and dynamically with complexities of Interfaces
Institutional (Tim Kaji Bersama, 2017). From the spatial, technical, cultural and socio-
economic aspects, interface institutions are important stakeholders in the end-to-end system
of Ina-TEWS..

2.3. Research questions

This study aimed to understand the technical, legal and socio-cultural complexities that occur
during operationalisation the interface between upstream and downstream mechanism of
the Ina-TEWS in Indonesia, and to provide recommendations for updating the Indonesian
Tsunami Early Warning System Service Guidebook to better address the interface phase, and
which could be used as a reference model for Indian Ocean Countries.

Several research questions guided the study:

1 How does the interface of Ina-TEWS need to be updated to reflect the technological
and socio-technological advances during the last decade (2008-2018)?

Who are the key actors involved directly and indirectly in the interface of Ina-TEWS?
What are the decision-making structures in the interface of Ina-TEWS, which are used
to convey a tsunami warning and order for evacuation?

I What are the complexities, strengths and shortcomings of the process?

1 How can the shortcomings and be overcome and the interface strengthened?

1

1
The results of the study also informed recommendations for the improvement of Ina-TEWS,
especially in the interface.

3. Methodology
The methodology of the study involved several stages, as presented in figure 2.
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Figure3. Methoddogy of the Studyauthors c omposi ti on

3.1. Data collection
The conceptual framework described in 2.1 was used to develop data collection tools.
3.1.1. Desk study

For the desk study, several official documents, including guidelines and evaluations, were
identified as relevant to the scope of the conceptual framework. These included the Tsunami
Early Warning Service Guide Book for Ina-TEWS (BMKG, 2012a), the Evaluation/assessment
of Ina-TEWS: Outer-Rise Earthquake 11th April 2012 (Tim Kaji Bersama, 2012) and the Review
of Tsunami Early Warning System Effectivity in Outer-Rise Indian Ocean Earthquake, 2 March
2016 (Tim Kaji Bersama, 2017). For example, the Tsunami Early Warning Service guidebook
for Ina-TEWS is the principle guideline/SOP to support all Indonesian stakeholders in
implementing tsunami early warning system. These official documents were supplemented
by published, peer-reviewed scientific papers, international study reports, and books related
to tsunami early warning in Indonesia.

3.1.2. Primary data collection

9 Interviews

The actors identified from the desk study were interviewed for primary data collection. The
key interviewees were representatives of interface institutions such as BNPB (National
Disaster Management Organization), mass media (National TV), BPBD and others. In order to
complete information on the upstream of Ina-TEWS, interviews were conducted with
resource persons from BMKG. Altogether 15 respondents from those institutions were
interviewed using a structured questionnaire that was derived from the conceptual
framework. The interviews were conducted during June to August 2018 at the offices of
interface institutions.

1 Focus Group Discussion:

A focus group discussion (FGD) was in held September 2018, for the purpose of validating the
draft findings from the document review and interview surveys. It also provided an
opportunity to bring together and synergise the interface institutions in Ina-TEWS, and
identify potential recommendations for improvement. The 32 participants included
stakeholders from interface institutions and several resource persons from key tsunami
institutions. The implementation of the FGD was supported by BMKG, the main institution in
tsunami warning service in Indonesia, and one of three regional tsunami service providers
serving the Indian Ocean. The findings of the study were presented by the research team, and
stakeholders also gave feedback and presentations.

3.2. Analysis — descriptive and content analysis



The result of desk study and primary data collection were analysed using a qualitative
approach. Descriptive analysis and content analysis were used to produce recommendations
for improvement of Ina-TEWS. Descriptive analysis is the transformation of raw data into a
form that will make them easy to understand and interpret; rearranging, ordering, and
manipulating data to generate descriptive information (Zikmund, Babin, Carr, & Griffin, 2003).
Content analysis is an analytical technique with in-depth interpretation on information (Zhang
& Wildemuth, 2009). The conceptual framework identified through the literature review was
used to define the themes or parameters against which the interface of Ina-TEWS is
measured. The effectiveness of Ina-TEWS is also measured in terms of the response in the
tsunami events that occurred after its establishment, such as 2010, 2012 and 2016 tsunami
events (2018 was not considered as data collection took place prior to the event). Each
concept understood through the framework was also discussed in relation to the issue of
decentralisation and its impact within the warning system.

4. The interface process of the Ina-TEWS; data analysis and findings

The interface involves three crucial decisions: issuing the warning, conveying the warning
and ordering an evacuation (Sakalasuriya et al., 2018). Through the desk study it was revealed
that these decisions are taken at different levels and that the interface of Ina-TEWMS has
both centralised and decentralised components. The decision to issue the tsunami warning
and the decision to convey the warning is taken centrally, mainly by BMKG. At the local level,
ordering for evacuation and disseminating the warning and evacuation information is done
using a decentralised approach. Such arrangements are more likely to occur at national level
as highlighted by Bernard and Titov (2015), who stated that typically the warning and
preparedness are more likely to be centrally operated, while the local governments tend to
focus on relief and reconstruction. The geographical and administrative structures in
Indonesia are such that a decentralised warning mechanism is more practical for
implementation.

Previous commentators have tended to disapprove of the decentralised approach and an
increased involvement of local government in decision making process (Kapucu & Garayev,
2011; Sarmiento et al., 2015). This is based on the argument that the warning is a ‘core
business of the government’ and that central government is liable for taking decisions related
to authority and accountability (Platt, 2015). In this light, it is important to understand how
components are centralised and decentralised within the interface of Ina-TEWMS, and
whether operating under these different approaches has proven to be successful for
operationalisation. In this section, each concept and theme identified through the literature
review and data analysis is discussed in relation to (de)centralisation. Examples of recent
events are also used to understand the extent of rationality of using the adopted approach.

4.1. Decision making mechanism

According to the documents analysed, as well as the responses from the interviewees,
taking the decision to issue a tsunami warning, and subsequently conveying that decision, are
done by the central government. Due to the sensitivity and high risk, the national government
and BMKG bear the responsibility of the warning decision, so that the public can hold a single
authority accountable for the decision. Platt (2015) also agrees that the central government



should take the meta level decisions associated with authority, speed and deliberation. The
government warning decision taken in April 2012 was widely viewed as an example of
successful decision making at the national level, where the warning was issued within five
minutes and people were evacuated (LIPI & Tim Kaji Cepat Bersama, 2012).

Other than the central decision of issuing the warning, the latter decisions of
disseminating the warning to local communities and ordering for evacuation are taken using
a decentralised approach within Ina-TEWS. This complements the notion that a decentralised
approach can be useful for taking key decisions related to evacuation and disaster response
(de Ledn et al., 2006). As highlighted in the literature review of this study (Sakalasuriya et al.,
2018), the governance structure of a country can influence the decision taking and
information dissemination processes. According to the Ina-TEWS Service Guidebook (BMKG,
2012b), local governments are responsible for receiving tsunami warnings and advices from
BMKG, taking prompt decisions to determine local reaction, and disseminating information
and tsunami warnings to the public with clear guidelines on responding to the situation
(BMKG, 2012b). This was also highlighted in a previous study by Chatfield and Brajawidagda
(2013), where they claim that once a warning is issued by the central government, it is up to
the local mayor to order for an evacuation of the communities.

However, a number of issues were identified at the local level due to their lack of capacity
to take key decisions. During the April 2012 tsunami, the emergency operation centre (EOC)
in Aceh province could not take dissemination and evacuation decisions due to the absence
of operators and officers (LIPI & Tim Kaji Cepat Bersama, 2012). The EOC in West Sumatra,
issued an order not to evacuate, and the order was issued by the EOC manager who was not
in the office at the time. However, in Padang, an evacuation order was issued by the city
secretary, in the absence of officials at EOC. During the events that occurred in March 2016,
the local EOCs have taken local decisions by coordinating among supervisors and managers,
and by ordering evacuation orders under standard procedures (Tim Kaji Bersama, 2017). The
Sulawesi tsunami in 2018 was a challenging situation for local EOCs, as there was no adequate
time for receiving or disseminating warnings at the local level. This could be the result of
using less sophisticated and less resilient technologies for receiving and disseminating
tsunami warnings (de Ledn et al., 2006), and the decision making process can be ineffective
without the technical support.

Within the Ina-TEWS, the mass media (TV and radio stations) are required to take
responsible decisions regarding disseminating the information. For example, this might
include immediately interrupting programs to broadcast tsunami early warnings and advice
to the public (LIPI, BMKG, BNPB, KOMINFO, & KPI, 2012). It also acts as a key informant to
act promptly when other forms of communication and decision making are found to be
inadequate. For instance, in 2012, when Aceh EOC failed to issue evacuation orders, the RAPI
(local community radio) played a significant role in disseminating tsunami warning
information and evacuation guidelines to the public in Banda Aceh City (Tim Kaji Bersama,
2017).

4.2, Actors in the interface process
According to the Tsunami Early Warning Service Guidebook for Ina-TEWS, the interface

institutions in Indonesia can be defined as intermediate institutions. They have the role of
disseminating early warning information from BMKG and/or translating early warning



information from BMKG into the subsequent evacuation orders that are disseminated to the
public (BMKG, 2010) .

As stated by Basher (2006), the tsunami early warning system should ensure the integration
of all stakeholder into the mechanism and recognise their specific roles. Supporting this,
actors that operate at national and local levels of Ina-TEWMS, and their specific roles and
responsibilities, are outlined in the Ina-TEWS service guidebook. BMKG acts as the national
tsunami warning centre in Indonesia, and provides information on earthquakes and tsunamis,
and advice on reaction in areas exposed to tsunami risk. It is the main access point for other
national and local actors in the early warning communication chain, in terms of providing
accurate and timely warning information. BNPB is the national disaster management
organisation in Indonesia and facilitates the dissemination of tsunami early warnings and
advice to local disaster management institutions, and coordinates emergency responses. The
BNPB is also responsible for the preparation of an appropriate emergency response (search
and rescue and assistance on land) as soon as the tsunami threat has passed. The national
radio and television networks play an important role in disseminating accurate tsunami
warnings to the public. They are central in providing the information as major communication
channels that cover the whole country. The support of mobile service providers is obtained
by the national actors in order to disseminate the official earthquake and tsunami early
warnings via short message services (SMS). It is the responsibility of the mobile service
providers to give priority to warning messages given by BMKG and to maintain their
operations at a satisfactory level.

However, key informants of the study expressed concerns that the role of interface
institutions such as Ministry of Home Affairs, were not optimal due to direct access from
BMKG to provincial/city/regency government (BPBDs). The local governments are under the
control of the Ministry of Home Affairs, and the latter’s function is to supervise and monitor
the former. According to the informants, it should act as the intermediary between the BMKG
and the local government. However, since the BMKG and BNPB have adequate capacity to
liaise with the local governments, the local BPDPs also support this communication
(documentary analysis). Therefore, it can be argued that there is no need for the Ministry of
Home Affairs to be involved in facilitating the communication channels.

The roles and responsibilities of the actors can vary depending on a particular country’s
geographic, demographic and socio-cultural background (IOC/UNESCO, 2016). Thus, in
Indonesia, the local governments have the sole responsibility and authority to issue the
official order for evacuation, based on the warnings given by BMKG. As specified in for Ina-
TEWS service guidebook (BMKG, 2012b), the local governments issue public announcements
containing clear directions and instructions to help the inhabitants of, and visitors to, an area
to react appropriately to a tsunami threat. However, as mentioned in section 2.1, the
decision-making process was not properly implemented due to the lack of capacity of the
local governments. In some cases, the lack of readiness in terms of infrastructure, clear
guidance and communication channels at the local government level, has affected the
effective operation of the early warning system (sourced from the data analysis).

According to the BMKG (2012b), the police and the military forces in Indonesia operate at
local levels after receiving orders and guidance from the BMKG. They perform the key tasks
of disseminating earthquake information and tsunami warnings, supporting the evacuations



and preparing for emergency response. In addition to national mass media, the local radio
and television networks also deliver information and announcements through their channels,
and often are more accessible to people. The local radio network in Aceh has played a
significant role in providing quick information and guidelines to people during the 2012
earthquake (Tim Kaji Bersama, 2012).

4.3, Standardisation and legal framework

The Intergovernmental Oceanographic Commission (IOC) encourages individual countries to
develop and maintain SOPs at all levels of decision making within the tsunami early warning
system (IOC/UNESCO, 2016). Therefore, a centralised approach is taken to prepare the legal
frameworks, regulations and SOPs related to the early warning mechanism, and in defining
the ones pertaining to the interface institutions and decision making. Articles of law are
provided under the categories of disaster management, meteorology, climatology and
geophysics, and local governments. Regulations are available at central government level, as
well as by the ministry and BNPB.

At the local level, SOPs are developed within several cities in Indonesia to be implemented in
case of a tsunami disasters. Examples of SOPs at the local level include:

- PERGUB Aceh (Aceh Governor Regulation) No. 43 / 2010 on Early Warning System and
Disaster Response of Tsunami Aceh Disasters

- Decree by the Bali Governor 30/2009 and the Decree by the Governor 31/2009 on the
Operations Control Centre that is Responsible for Issuing Tsunami Early Warnings to
the Public, Tsunami-Hazard Maps, Budget Allocation, Human Resource Development,
and Related SOPs

- Cilacap District Government Decree by the District Head 360/298/14/2007 on the
Formation of Working Groups to Manage the Implementation of Tsunami Early
Warning Systems at the District Level

However, during the interviews it was revealed that internal SOPs and regulations are not
available for several local interface institutions to guide the information dissemination
process. This is a common issue that can be seen at the local level in developing countries
(Sakalasuriya et al., 2018). On the other hand, there are various inconsistencies and
misinterpretations in terms of understanding the SOPs. Understanding of government
personnel about the guidebook for Ina-TEWS is also different at the national and local level.
For example, it was revealed through the data analysis and based on an assessment of the
effectiveness of Ina-TEWMS during the 2" March 2016 Wharton Basin Indian Ocean
Earthquake Event, that the guard officers were not familiar with the early warning bulletin
updates and terminology. During this event, BNPB did not get involved in the warning process
of within Ina-TEWS, but instead was focused on the emergency response with the central role
of PUSDALOPS in activating the emergency fund (Coordinator and Joint Event Assessment
Team, 2017). During actual events of tsunamis, the exact roles of BNPB, BPBD and local
PUSDALOPS become unclear and this undermined their operational effectiveness.
Participants in the FGDs also perceived that the tsunami warning and order for evacuation
should be more clearly defined in regulation at both national and local levels.

4.4, Technical capacity



The Ina-TEWS uses a decision support system (DSS), an innovative approach to provide
operational guidelines and support the decision making processes at all stakeholder levels
(Steinmetz et al., 2010). The guidelines are provided by the national level actors and define
what level of technical capacity is needed to facilitate the warning and evacuation processes
in the case of a tsunami (BMKG, 2012b). The provision of guidelines for both national and
local level is a significant contribution to successful operation of the technical system. The
interview respondents tended to reaffirm that the technical capacity at the local level is
satisfactory and adequate to support the warnings and evacuation orders. The equipment is
sufficient in delivering tsunami warning to the other interface institutions and/or public
community. BNPB, as a leading institution in disaster management, also provide local tsunami
sirens in several tsunami prone cities/regencies in Indonesia, In 2017, there were
approximately 200 local tsunami sirens. As mentioned by de Ledn et al. (2006), it is important
to empower the local institutions with adequate technical capacity to facilitate their decision
making and information dissemination. On the other hand, a decentralised approach to
ordering an evacuation will not be successful if the subordinate level actors are facing
technical difficulties. Prioritising the development of local level technical capacity by
Indonesian authorities could therefore be considered essential. According to Titov et al.
(2005), the lack of funding to provide adequate and up-to-date technical equipment can stand
as a barrier to establish effective early warning systems. Being in a high-risk zone for natural
disasters (Lauterjung et al., 2010), this is not the case of Indonesia. The government has
understood the need for adequately financing the early warning system among other
components of fiscal expenditure (Spahn et al., 2010). However, the technical failures and
issues in the technological system were highlighted by a Chatfield and Brajawidagda (2013),
at national as well as local level. It was also revealed during the study that the equipment for
supporting tsunami warning dissemination was not performing during earthquake occurrence
in 2012/2016, because of being cut off from the internet and damages to equipment, and also
due to maintenance problems (Jefrizal & Vidiarina; LIPI & Bandung).

The system and guidelines have also been tested by various earthquake events that have
the potential of tsunami in Indonesia, such as the earthquakes on April 11, 2012 and March
2, 2016. The results of quick assessment on those earthquake occurrences, among others,
stated that there were problems and gaps in delivering of tsunami warning information from
the national level to the local level, as well as at the local level itself due to the weakness in
the technical operation, the early warning message, the mode used, and the human resource
capacity (Jefrizal & Vidiarina; LIPI & Bandung). This highlights that the readiness at the local
government level needs to be strengthened by introducing resilient infrastructure and
communication. The warning systems cannot afford to fail during an emergency since it
carries a large responsibility to provide reliable information (Grabowski & Roberts, 2011).
complete reliance on technical operations can be problematic and there should be
reservations and alternative procedures in case of failures. At the same time, the local level
actors, as well as communities, should be well prepared to adapt those procedures when
technical guidance is not available. Building local level technical capacity is therefore
essential.

4.5, Human resource capacity



The Ina-TEWS service guidebook clearly states the requirement to employ adequately trained
personnel that are engaged in reliable and round the clock operations (BMKG, 2012b).
Standards of human resources are also specified for the local level, which facilitates the
decentralised approach of decision making and information dissemination. Insufficient
organisational capacity and preparedness at an organisational level can hinder the ability to
respond to the disasters, and having adequate human capacity at the local level is key in
effective disaster response (Kapucu & Garayev, 2011). Evaluation findings following
earthquakes in April 2012 and in March 2016, and interviews with BMKG personnel, revealed
that problems and gaps associated with technical and human capacity were identified as
specifically relating to their capacity in interpreting information on tsunami warning and use
of equipment and tools for Ina-TEWS. This situation is contrary to the view that local officials
need to be equipped with adequate scientific knowledge, staff, training and information,
when they are authorised to take key decisions (Anderson, 1969). It is important to maintain
a strong link between the technical aspects and the human resources who use them (de Ledn
et al., 2006). Instances were reported when the local level human capacity was not sufficient
to understand the technical messages sent by BMKG, and the warnings were issued based on
common sense rather than on facts (Tim Kaji Bersama, 2017). This is confirmed by the
findings from this study, where a large majority of respondents stated that human capacity
needed to be improved within interface institutions. This included capacity for using and
understanding communication equipment, receiving and disseminating warnings and
evacuation orders, as well as understanding the existing SOPs (interviews).

Through this study it was also revealed that the personnel of local EOCs need adequate
leadership and guidance to issue the order of evacuation, which is lacking in most areas
(findings from Earthquake 11 April 2012, Earthquake 2 March 2016 and from discussions with
BMKG personnel). The lessons from the Sulawesi earthquake and tsunami in 2018 highlight
the need to train the officers at local level to take alternative measures in the absence of
technical support. As suggested by Sakalasuriya et al. (2018), a revision to the traditional
responsibilities of the stakeholders through job rotation could bring about a change in how
the human resources within the organisations respond to unexpected circumstances within
the interface process.

4.6. Spatial and socio-cultural issues

The spatial and socio-cultural aspects were identified within both centralised and
decentralised components of the Ina-TEWS. Hazard mapping is mostly done using a
centralised approach, with the participation of national stakeholders such as government
ministries, institutions, universities and donors (Rahayu & Ophiyandri, 2018). Based on the
data collected over a number of years, a book was published on the level of Indonesian
disaster risk, providing hazards maps for the whole country. This was an important step
towards planning for evacuation as hazard maps are crucial for risk assessment and mitigation
(Bernard, 2005). However, these maps are available only in macro scale, and as a result they
cannot be used for planning for evacuation at the local level (Rahayu & Ophiyandri, 2018).
This suggests there is a need for further decentralisation and empowerment of local
communities in terms of hazard mapping. The need for local level hazard mapping in
Indonesia is reiterated by Schlurmann, Kongko, Goseberg, Natawidjaja, and Sieh (2010), who
reaffirm the need to take into account the micro level dynamics of a potential tsunami threat.



According to Collins and Kapucu (2008), community participation is an integral part of
mainstreaming tsunami awareness and risk reduction strategies. In Indonesia, both central
(BNPB) and local actors (local governments) carry out community preparedness activities to
improve the resilience of communities. Some of the practical concepts used to build
community resilience include disaster resilience villages, disaster safe schools, and
community participation in disaster management (Rahayu & Ophiyandri, 2018). These
programmes are planned and designed at the national level and implemented using a
decentralised approach. Through this study it was also revealed that it is necessary to
continue strengthening and improving these participatory programmes to accommodate the
latest developments and community needs.

According to interview respondent that were experts in tsunami preparedness,
public awareness activities should also take into consideration the principles of disaster
management, information about earthquakes and tsunamis, public understanding about the
disasters, Ina-TEWMS operation, local set up of warning and guidance, and local evacuation
plans (BMKG, 2012b). A majority of respondents (80%) stated that the language used in
tsunami warning was good, with the remainder feeling it needed to be improved. A majority
also agreed on the need for having warning information and guidelines in different language,
while 83% of the respondents identified the need to accommodate disabilities in tsunami
early warning dissemination. The education of public communities was seen as vital in order
to accommodate the needs of those with disabilities. The use of public education in tsunami
risk mitigation was also emphasised by Dengler (2005), who saw it as an effective way of
targeting a large proportion of the vulnerable communities.

Learning from recent tsunami events in Indonesia, it is clear that communities should be
prepared for unexpected circumstances, such as technical and human failures at the national
or local level. According to BBC (2018), during 2018 Sulawesi event the survival of the people
depended on their ability to take immediate decisions by listening and understanding the
warnings by nature. The documentary suggested that people should be trained to take
immediate action to evacuate when the earthquakes are stronger than normal and lasts for
a long duration (BBC, 2018). An alternative approach to addressing potential failures within
the system is to ensure that traditional indigenous knowledge about disasters is also
maintained so that it can provide redundancy in the system. Numerous studies, such as
McAdoo et al. (2009), have shown that community based disaster management tools can be
developed using indigenous knowledge and socio-cultural features.

4.7. Vertical and horizontal coordination

Within Ina-TEWMS, vertical coordination is a top down mechanism, both for issuing and
disseminating warning, and issuing and disseminating the order for evacuation, because
issuing an evacuation order to the communities is the responsibility of local government. The
central government (BMKG) is only liable to give a recommendation to local government and
the decision of issuing an evacuation order remains under the mandate of local government
(interviews). Meanwhile, horizontal coordination is among stakeholders for emergency
response. At the national level, coordination was found to be effective due to the strong
standard procedures and memorandums of understanding (MOUs). Such effective
coordination can allow the different national institutions to bring their capacities to solve the



problems at the national level (Taubenbdck et al., 2009). However, gaps were identified with
regard to horizontal coordination among the local level actors, as well as from national to
local level (interviews). The coordination needs to be improved due to the lack of tsunami
warning understanding at the local government level. There is also a need to synchronise and
harmonise standard procedures in responding tsunami warning. The lack of coordination
between national and local level actors is a common issue faced by countries suffering from
disasters, which can result in misguidance and discrimination within and among different
communities (R. W. Perry & Green, 1982).

According to the Ina-TEWS service guidebook, cooperation between provincial, district and
municipality level authorities is required in delivering tsunami early warning services and
guidance. A mechanism of synchronising SOPs at the local level is also suggested (BMKG,
2012b). However, the mechanism has not been widely adopted at the local level, which
appears to have led to misunderstandings and miscommunications. An effective coordination
system among different provinces or districts could also provide a platform for sharing
information and guidelines, as well as to identify common areas where human or technical
resources are not adequate. The central authority is required to provide guidelines and
regulations for coordination. Yet, the operationalisation of such coordination could be
handled in a decentralised manner by the local institutions.

4.8. Formal and informal communication

In the event of a potential tsunami threat, the warnings are communicated by the
central institution, BMKG, to all interface institutions, including BNPB, local governments,
police, military and mass media (BMKG, 2012b). Ina-TEWMS is also using several social media
platforms, such as Twitter and Facebook, as well as emails and short message services (SMSs),
to share tsunami information and evacuation guidelines (BMKG, 2012b). This confirms a view
expressed nearly a decade earlier, by Hiltz et al. (2011), that mobile phones, internet, and
social media would become increasingly useful in collaborating among different stakeholders,
as well as in communicating the warning information to the public. BNPB also uses the ‘group
chat’ option ‘WhatsApp’ mobile application to share information within the organisation,
among the different national and local level actors. Through this, dynamic and real time
information is shared among key stakeholders (interview results with BNPB).

Although the main tsunami warning is conveyed by central government, the order for
evacuation is communicated in a decentralised manner. The loudspeakers and sirens are the
most widely used mechanism to communicate the order for evacuation by the local
governments and other local institutions. The warning information and evacuation guidelines
are also provided using informal networks, such as local television and radio networks,
community organisations, drums, mosque loudspeakers and other traditional techniques
(BMKG, 2012b). However, several instances of failures to communicate tsunami warnings and
evacuation orders were reported in previous events. During the September 2007 tsunami in
Padang, informal warnings were given by the television and radio networks, and there was a
lack of consistency in the information being provided. As a result, about a quarter of the
affected population did not receive the correct information and most people doubted the
credibility of the information (Taubenbock et al., 2009). During the March 2016 earthquake,
Pusdalops staff received the earthquake information from short text messages sent by BMKG,
which was broadcasts through WhatsApp six minutes after the earthquake. However, the



warning information that was present on one of the big monitors in the Pusdalops operation
room was ignored by the staffs. It took more than one hour to activate the sirens and issue
evacuation orders, although the warning was issued 20 minutes after the earthquake (Halima
Bandung, 2017). The issues in dissemination have occurred due to a failure of human
resources, but also gaps in the communication flow. During the Sulawesi earthquake in
September 2018, the local authorities were not able to deliver the order for evacuation due
to a lack of time. Compounding this, electricity was not available to activate the sirens and
the text messages were not received due to mobile towers being destroyed by the earthquake
(BBC, 2018). An over-reliance on electricity and modern communication methods has proven
to be a shortcoming in these instances, and it is necessary to research and develop alternative
and resilient communication methods to face such situations.

When using different channels for communication, especially the social media
platforms, the spreading of false information is also a challenge. However, Mersham (2010)
claims that the modern communication channels should be used despite the false information
threat and measures should be taken to counter-address any misinformation. Supporting this,
the interview respondents tended to support the use of social media to educate the public,
and to counter the threat of false information by, for example, using top social media
influencers, publicising the official channels, embracing new trends and incorporating new
platforms into official networks.

4.9. Ongoing evaluation

Ongoing evaluation is a key element in ensuring the successful operation of the interface
mechanism. In Indonesia, the IOWave exercise takes place once every two years with the
participation of all national and local level stakeholders, as well as some of the communities
at risk. A centralised approach is adopted in implementing the IOWave, while the operation
of exercise and feedback process is handled in a decentralised manner by the involvement of
local authorities. The latest IOWave exercise took place on 5 September 2018, focusing on
aspects such as time taken to send and receive the tsunami warnings, understanding the
content of news, its interpretation by recipients, translating the warning to disaster response
actions, SOP tests, stakeholder involvement and communication links (BMKG, 2018). Based
on the feedback received after the I0Wave exercise, improvements were suggested,
including BNPB’s involvement of other stakeholders, improving the technologies used in
receiving warnings from BMKG, having an uninterrupted internet connection and improving
human capacity at the national level (observation result of ITB team in the implementation
IOWavel8). In addition to IOWave, the systematic operation of the warning mechanism is
evaluated through a preparedness day, conducted annually on 26 April, both at the national
and local level. A decentralised approach is adopted on annual preparedness day, and it is
used to conduct tsunami drills at local level by local governments, universities, NGOs and local
communities.

5. Conclusions and recommendations

5.1.1. Conclusions



The existing gaps in the interface of Ina-TEWS were discussed in FGD and it was clarified that
several interface institutions have gaps related to following;

1. Technical: related to technology, equipment and communication devices

2. Human capacity: related to the need of human resources capabilities

3. Legal framework: SOP and other policy framework at national level for implementing

interface’ roles in Ina-TEWS.

Based on the discussion provided in the chapter and the findings of the study, the centralised
and decentralised components of the interface of Ina-TEWS are distinguished, as shown in
table 2. The unique way in which the interface of Ina-TEWS operates can be understood
through the details explored in this chapter, and the mechanism can be differentiated from
that of other countries. Such an understanding helps to form SOPs and other guidelines to
improve the operationalisation of interface in Ina-TEWS. The dynamics highlighted in table 2
can also be used to measure the extent of decentralisation of the tsunami early warning
systems in other countries and understand the differences in each system.

Tablel. The centrated and decentralised components of the interface iRTIB®WS

Criteria Centralised components Decentralised components
Decision making Analysing the impact Disseminating the warning
Issuing the warning (Bulletins) Ordering for evacuation
Conveying the warning Activating the alarms
Actors BMKG EOCs at local government
BNPB Other actors in local government
Mobile service providers Military and police
National radio and television Local radio and television
Standardisation Service guidebook for Ina-TEWS Service guidebook for Ina-TEWS
Government Acts and Laws Local SOPs
Technical capacity Evaluating tsunami impact Disseminating the information
Disseminating the information Activate evacuation orders
Human capacity Interpret TSP warnings Interpret national warnings
Forming national warnings Disseminate local warnings
Disseminating national warnings Activate evacuation orders
Spatial/sociocultural | Hazard mapping Community preparedness

Planning for evacuation
Community preparedness

Coordination BMKG to BNPB Provincial, district and municipality
BMKG to local governments level authorities
BMKG to national media Local governments and other local

stakeholders (media, community
organisations)

Communication BNPB to media Loudspeakers and sirens
Social media accounts of national Local TV and radio networks
level institutions (BNPB WhatsApp) community organisations, drums,
National media channels mosque loudspeakers and other
traditional techniques
Ongoing evaluation | Implementing IOWave Operation of IOWave and feedback

Implement annual preparedness day | Conduct tsunami drills for
preparedness day




5.1.2. Recommendations

The analyses described in this chapter and summarised in table 2 were used to inform a set
of recommendations to improve Ina-TEWS, and which have been presented to the addressed
by a presidential decree in Indonesia. A summary of these recommendations is given below.

Recommendation 1:

The objective of the Ina-TEWS guidebook is for the public and those outside BMKG to
understand Ina-TEWS. The book was written in 2011. However, since then, Ina-TEWS
has constantly updated the SOP for Ina-TEWS 4.0 and circulated among internal
members of BMKG, as well as several experts and institutions of the IOTWMS. The
guidebook does not fully reflect these changes. The guidebook should be periodically
updated so that other stakeholders and the wider public can understand how BMKG
is developing and improving the Ina-TEWS services.

Recommendation 2:

The roles of interface institutions in addressing the current gaps in Ina-TEWS should
be expanded.

From the findings of the study, KPI (Indonesian Broadcasting Commission) is one actor
that should be added in the Ina-TEWS interface institutions. The authority and scope
of duties of the KPI is including broadcasting organised by Public Broadcasting
Institutions and Private Broadcasting Institutions. Many national TV stations are under
the authority of KPI, and it should become an interface institution so that it can
become a conduit to disseminate tsunami warning information that can reach more
of the population.

In order to mobilise evacuation, the dissemination of evacuation orders at the
community level is needed. Several non-formal organisations at the local level should
be considered to be included in Ina-TEWS, especially the dissemination of evacuation
orders. Community organisations, religious organisations and traditional
organisations have a powerful role at the community level. Their roles and leadership
capacity could effectively guide the community to response to tsunami warning
information from BMKG, and help support evacuations. However, it is important to
screen these non-formal organization to ensure sufficient capacity. Trainings and
capacity development could be organised to improve their performance during
tsunami emergencies.

Recommendation 3:

Some interface institutions have outdated communication devices, which are
unreliable for receiving warnings in a timely manner timely. The technology and
equipment should be advanced in line with current capabilities of the early warning
system, especially to support interface institutions in disseminating tsunami warning
information and ordering an evacuation. More interface institutions should be
equipped with standard tools/modes for disseminating tsunami warning information
to the wider community. It should be supplemented by clearly defined SOPs and
trainings for the operators who will be using the equipment/new technology.



Recommendation 4:

- It is essential to develop the human capacity in understanding tsunami information
from BMKG and understanding the SOPs related to Ina-TEWS at the national and local
level. Routine training should be conducted for the personnel at the EOCs (Emergency
Operation Centre). The training can be organised by BMKG or internal interface
institutions by inviting several resource persons from competent organisation.
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