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Abstract: The concept of “water smart city” is increasingly being recognized as a new approach
to managing urban environments (including urban floods), especially in the context of developing
countries, such as Indonesia. While Indonesia’s national capital relocation plan is expected to attract
significant human migration to two nearby cities, Samarinda City and the port city of Balikpapan,
these cities have continuously faced with severe risk of flooding. Therefore, this research proposes
a flood management approach by reviewing the local city government’s flood risk management
strategies and the smart city plan to enhance flood resilience. The integration of the SETS (Social–
Ecological–Technological systems) framework and the Flood Resilience Cycle is undertaken to
determine the state of flood management, which is followed by a review of smart city plans and
programs in two selected cities (Samarinda and Balikpapan). The research mainly identifies how it
can be implemented in the two selected cities based on SETS–FRC distribution. In accordance with
the SETS–FRC (Flood Resilience Cycle) framework, it is revealed that both these cities have a higher
emphasis on the flood prevention phase, as compared to other resilience phases. Based on the overall
results, this study emphasizes the implementation of a water smart city concept for effective and
smart flood risk management.

Keywords: flood risk; SETS framework; flood resilience cycle; water smart city

1. Introduction

Flooding, in general, refers to the temporary inundation of any land surface that
becomes uninhabitable due to the presence of water [1]. The increase in volume and the
distribution of precipitation in a drainage basin is the most common cause of river flooding;
however, events such as dam failure can also induce flooding [2,3]. Against the backdrop
of an increasing urban population, the risk of flooding has particularly increased in many
urban areas worldwide [4], affecting more than 2.3 billion people [5,6]. While floods are
becoming increasingly more common, the changing nature of floods is also becoming a
serious concern [7]. For instance, rapid urban development trends are leading to increased
volumes of flood runoff, pressing the threshold capacity of river basins.

Indonesia, as a developing country, faces, at present, severe flood problems in most
of urban areas [8,9]. To effectively address this challenge, the Government of Indonesia is
currently planning to relocate the nation’s capital, with the objective of creating an ideal
national government center that embodies the country’s identity while enabling long-term
visionary development [10]. According to Indonesia’s Ministry of National Development
Planning (BAPPENAS), issued in 2020, more than 50,000 civil servants and their dependents
are likely to be relocated because of the capital movement. As a result, the newly appointed
capital and its surrounding cities, including Balikpapan and Samarinda, are required to
accommodate around 1.5 million people [11]. Correspondingly, the swift development
of Indonesia’s new capital city may have drastic implications for the surrounding areas,
especially from the perspective of disaster vulnerability.
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In case of Balikpapan and Samarinda, flooding is a significant problem. There, the
local governments are already undertaking many efforts to protect the people and the
cities from flooding [12]. Recently, the local government agencies have also attempted
to develop a resilience concept considering the recurring flood disasters. Despite that,
a genuine need has been recognized to improve the system resilience at the municipal,
provincial, and national levels [13]. Recent studies suggest that disaster resilience is a
challenging issue to address in development plans. Conducting research in Melbourne,
Australia, on adaptive capacity building, Moloney and Fünfgeld (in 2015) emphasized the
need for local government participation in reducing floods [14]. Further, Chmutina [15]
also reviewed thirty government papers in the United Kingdom (UK) to understand how
resilience is perceived and which measures are applied to improve community resilience. It
has been acknowldged that a flood protection program must essentially overcome barriers
to information sharing and dissemination within the community. Flood working groups
for priority catchments strive to reach as many individuals as possible, but in the future,
innovative methods are required to reach all vulnerable community members [16], as
successful disaster risk management depends on the local community. Markedly, the focus
of flood risk reduction in Indonesia remains to be on structural measures [8] and little
attention is being paid on community contribution [17].

Urban environments are at present being perceived as dynamic social–ecological–
technological (SETS) systems that are vulnerable to flooding from both within and outside
of SETS domains and catch connections among their various components (Social–Ecological–
Technological components) [18,19]. A few of the issues associated with urban environments
(for example, floods) can be addressed by shifting from traditional flood and water man-
agement approaches to a “smart systems” approach that are more resilient to natural
disasters [20]. This highlights the importance of identifying SETS as part of smart city
planning and a prospective way of looking at urban risk in broader terms. Subsequently,
a more comprehensive strategy for analyzing flood risk management in complex urban
SETS is required, as well as for improving the resilience of SETS domains [21,22]. SETS
provides an alternative approach for analyzing complex interactions between infrastructure,
environment, and equality in society to better understand the social distribution of hazards.
The SETS framework has, therefore, been lately utilized in cross-comparison of flood risk
management [23]. For example, there is a flood study using SETS in US cities [23,24] and
also the integration of FRM (Flood Risk Management) and SETS Framework has been used
in Portland, Seoul, and Tokyo [23]. In due consideration of the effectiveness of SETS in
recent studies, this study attempts to implement SETS in the context of Indonesia, as it is
also faced with similar flood problems considering smart city planning.

The recent advancements of ICT, particularly in wireless communication, mobile
communication devices, cloud technologies, and cloud computing, has encouraged the
adoption of smart water management technologies [24]. These advances enable the continu-
ous monitoring of water systems and their surroundings, real-time analysis and forecasting
for early warning and decision-support systems, and quick responses to water-related
emergencies. In addition, Smart Water Management has become an enabler for imple-
menting Flood Resilience solutions and has a great synergy with Flood Resilience concepts.
The Water Smart City strategy is also a forward-thinking method of integrating sustain-
able urban design and water management, mainly for lessening the negative effects of
urbanization on the hydrological cycle [20]. In parallel, the concept of “smart cities” is
also growing worldwide as a new approach to managing urban environments [25]. Smart
cities have particularly received much attention in the last decade, as information and
communications technology (ICT) has been adopted as a development strategy. Smart
cities are areas that integrate digital infrastructure into their urban structure to serve their
community better, while better managing the infrastructure and fostering livelihood for
their communities [26].

Nowadays, water infrastructure and their surroundings can accordingly be moni-
tored in real time, and real-time forecasts for the early warning and decision–support
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systems have become possible with the smart city concept. ICT is used in both Flood
Resilience and Smart City to support the sustainable, well-coordinated development, and
management of water resources, laying the groundwork for a long-term approach to water
management [27]. In a Water Smart City, water needs to be seen as an asset rather than a
problem [28,29]. Prompt change is made possible through the combined efforts of compa-
nies, government agencies, academic institutions, and citizens [30]. Recently, the Minister
of Public Works in Indonesia, Mr. Basuki, has also corroborated that a water smart city is an
effective concept to reduce flood risk and it will be implemented in Indonesia as well [31].

Against this background, this paper particularly examines the contribution of smart
cities plan (especially water smart city) to flood risk management based on the integration
of SETS and the FRC (Flood Resilience Cycle) Framework, while addressing three key
research questions: (i) What is the level of flood resilience based on SETS Framework?
(ii) In what ways does the water smart city concept contribute towards enhancing flood
resilience? (iii) What are the challenges of the current institutional arrangements for flood
risk management? In recognition of the fact that the current strategies for facing floods
mostly focus on structural methods and are less comprehensive [28,32], this research hopes
to uncover new insights for enhancing flood risk reduction.

2. Material and Methods
2.1. SETS Framework towards Flood Management and Resilience

Municipal governance is often influenced by a variety of factors, including but not
limited to governing structures, policies, formal and informal codes, local knowledge
systems, practitioners, public officials, and communities [33,34]. Accordingly, the local
flood management plans and programs need to be designed as per each municipality’s
specific government systems and regional characteristics [21]. The city plan reflects on the
goals created by various institutions. It embodies direct relations among them to accomplish
goals, illustrates appropriate governance policies, and envisages feasible expectations and
consequences of these efforts [33].

For defining the concept of resilience, there are more than 70 recognized ways. It is
commonly referred to as the ability to anticipate, plan for, absorb, recover from, or adapt
more successfully to existing or projected unfavorable events [34]. Adaptation, in particular,
refers to the capacity to adapt to new situations successfully [23]. Furthermore, the concept
of resilience acknowledges “the existence of interconnected and interdependent sets of
social, economic, natural, and manmade systems that support communities” [35]. As per
the global disaster resilience framework, resilience is defined as a system’s, community’s,
or society’s ability to adapt and recover from disasters in the shortest time possible [36].
A few researchers have also developed a conceptual framework that demonstrates the
essence of urban governance, although additional research is necessary to strengthen the
implementation of resilience initiatives and plans [37]. The use of urban governance to
improve the quality of life, spatial organization, environmental management [38], and
economic activity is also highly recommended in urban resilience management [31,39].
Urban governance as a concept includes decision-making processes, inclusiveness, and
collaboration. Correspondingly, a city’s policies can impact how it builds a resilient city by
guiding how to adapt resilience governance principles [40].

Moreover, there is no standardized framework in place to evaluate the value-sensitive
resilience of decisions on disaster preparedness [23,41,42]. As different urban crises con-
tinue to emerge, determining how to make cities more resilient necessitates a strategy
that incorporates a diverse set of expertise, data, and perspectives [31]. Cities and their
components, such as neighborhoods, parks, and other infrastructure, are all part of a larger
system. Since all the city’s components are interconnected, considering it as a distinct
system is impractical (ecosystems, built environment, and communities).

The SETS framework incorporates all the city’s socio-political, political, cultural, and
economic dynamics, as well as those of its decision makers. The ecological features of
cities include nature’s biophysical aspects and processes, such as tree growth and soil
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development. The constructed components and associated activities of urban systems, such
as roads or public transit networks, buildings, and the knowledge encoded in technologies,
are the key examples of what is included in the technological dimensions of an urban
environment [19]. When looking at cities through the lens of SETS, a few other fundamental
questions regarding governance also arise. These questions include which institutions and
areas of expertise are necessary, as well as who is impacted by changes in infrastructure [39].
How can the built environment reap the benefits of natural ecosystem services? How might
technological advances be applied to infrastructure to make it more flexible or redundant?
These issues need to be addressed for the SETS strategy to develop resilience and encourage
sustainable paths [21].

Overall, there are four phases of intervention to achieve resilience, in this case, in
Flood Resilience Cycle: prevention, preparation, response, and recovery phases. Prevention
basically refers to flood avoidance, which involves activities that are required prior to a
flood [41]. Accurate flood risk assessment requires identifying potential hazards and collab-
orating with those at risk to develop strategies for minimizing individual and communal
vulnerability. Both structural and non-structural measures have been taken to prevent
the expansion of the flood-prone area. The structural measures include building dams,
levees, dikes, and diverging channels. Meanwhile, the non-structural measures relate to
the campaigns of awareness and educating the people about flooding. In addition, since it
is difficult to eliminate the risk of flooding, preparedness also focuses on mitigating the
effects of flooding. If a greater effort is put into planning, cities will be better equipped to
deal with severe and unexpected events.

The flood emergency plan calls for several actions to be taken in “response.” Emer-
gency response can be made more efficient by adequately assigning rescue resources and
developing evacuation strategies that minimize the effects of flooding [41]. A study in the
Hawkesbury-Nepean River, NSW, Australia has created a new model to improve the pre-
paredness of floods [42]. Floods not only cause problems on settlements, but also on critical
public facilities, such as hospitals. As response tools, mathematical methods were used in
that study so that if a flood occurs, the government and hospital residents can survive.

Furthermore, the Local Resilience Forum plans need to be nested within the com-
munity plans to allow smooth collaboration from the top-down and bottom-up. It is a
standard error to impose top-down strategies on community-level plans [43]. Recovery
will enable cities to recover promptly and perhaps even better than before a flood. Among
the initiatives are plans for rebuilding or reconstruction, which may provide an opportu-
nity to improve the city’s resilience to future disasters. Reconstruction is a two-pronged
procedure that ensures that a city can be restored to its pre-disaster state while reducing
the project’s completion time [41]. Additionally, the processes for reducing flood risk can
affect a city’s components comprehensively. Integrating a Flood Risk Management System
into social–ecological– technological systems are therefore very useful [19,23,24].

2.2. Significance of Water Smart Cities

Water smart cities are intended to make cities more sustainable, efficient, and livable.
It serves as a holistic approach of water infrastructure management that includes sourcing,
treatment, and distribution—the integration of stormwater and groundwater with wastew-
ater management [44]. To accomplish water smart cities, there is a need for investing in
Internet of Things (IoT) water infrastructure [45]. Previously, ICT was commonly utilized
in centralized facilities within urban water infrastructures [46,47], such as drinking water
and wastewater treatment plants [48,49], while control options for system components are
now concentrated on a few key points. In urban drainage systems, for example, ICT is used
to monitor combined sewer overflows (CSOs) [50,51] or distribution network inlet points
for district meters [49]. These data are collected and analyzed by a supervisory control
and data acquisition (SCADA) system, which UWI (Urban Water Infrastructure) is also
used to control and regulate various pieces of control equipment [48]. New approaches
of monitoring and management of network-based UWI can be developed with the help
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of the IoTs [49,52]. UWI’s integrated control and system-wide management are applied
only occasionally, as described by Yuan et al. (2019) [48]. It is highly recommended that
advanced technologies be used in conjunction with UWIs.

Water management issues in smart cities have lately been discussed in terms of
technological breakthroughs in water and energy use [53,54]. Furthermore, the water
management technology [52] has been introduced to support smart cities. For smart cities,
the water resource cycle can be provided by leveraging the existing IT infrastructure
and high-quality recycled water technology that is already in use in many cities [27]. In
recent years, researchers have successfully integrated the water smart city system using
an information and control system. This water system focuses more on reusing water
for industrial and residential purposes [55]. Water plays an important role in smart city
resilience [28]. Hence, there must be the integration of multiple infrastructure areas, such
as water and energy, for a smart city to function optimally [56,57]. According to Babel et al.
(2020), when water and energy networks are managed together, both water and energy
savings can be achieved [58]. Sewage and river water quality monitoring is becoming more
widespread, such as sensor networks, which are built on top of the most recent digital
communication technologies [27,59–62].

2.3. Research Methods and Framework

This study intends to develop a method for evaluating and comparing the composition
of two different framework (SETS and Flood Resilience) and an approach to linking the
resilience phase into the smart city concept. Accordingly, this study applied the proposed
strategy in two selected cities with the purpose of seeing how effective it can be and of
gaining comparative insights. To achieve this, relevant policy documents were chosen for
analysis (Appendix A. Since this paper focuses on municipal governance strategies for flood
management, only those plans that were created and published by the government agencies,
such as national, provincial, and municipal levels, were adopted. The following three
criteria were followed for document analysis: (i) The document must be relevant to flood
disaster; (ii) The document must be categorized in PPP document (Policy–Plan–Program);
and (iii) Match the plans to the spatial scale under consideration (e.g., neighborhood, city-
wide, regional, and national). Overall, nine documents were selected for Balikpapan City
and six documents for Samarinda City.

The authors retrieved the materials from a database on the government’s website and
also analyzed the PPP (Policy–Plan–Program) that explains flood risk. A detailed analysis
of the selected documents was conducted to study the flood management strategies. The
relevant documents were collected from government online databases, such as https://jdih.
samarindakota.go.id/ (accessed on 20 December 2021) and https://jdih2.balikpapan.go.id/
(accessed on 20 December 2021) After gathering secondary data, purposive sampling was
utilized to conduct in-depth interviews for exploring deeper into the subject of flood risk
management in the study area. In the subsequent phase of research, key stakeholders from
Balikpapan City and Samarinda City were interviewed. Additionally, the stakeholder input
was used to confirm the current situation on the field.

Officials from three government agencies were interviewed, including the Disaster
Management Agency, Environmental Agency, and Public Works Agency. Furthermore, the
authors incorporated the models from SETS and Flood Resilience. The SETS components
were initially coded and then mapped in the Flood Resilience as shown in Table 1. As
discussed earlier, there are four phases of intervention to flood resilience in the Flood
Resilience Cycle, which are prevention, preparation, response, and recovery. Mapping the
SET domains and Flood Resilience Cycle helps to understand the current position of flood
management in each city, while at the same time serves as an input for proposing the water
smart city.

https://jdih.samarindakota.go.id/
https://jdih.samarindakota.go.id/
https://jdih2.balikpapan.go.id/
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Table 1. SETS domains and codes.

SETS Domain Category SETS Code

Social

Emergency planning/preparation/safety/management, response S1

Laws, regulations, and standards S2

Promotion of participation and collaboration S3

Knowledge transfer and communication S4

Economic mechanisms (e.g., insurance and land purchase) S5

Ecological

Conservation, preservation, and restoration E1

Green infrastructure and ecological engineering E2

Ecological services (e.g., benefits obtained from natural floodplains or
improvement of floodplains) E3

Technological

Design standards and codes (e.g., design storm criteria and buildings codes) T1

Construction of engineered infrastructure (e.g., dams, levees, and pumps) T2

Operation and maintenance of existing engineered infrastructure T3

Development and implementation of data-driven solutions (e.g., hazard
Mappings, Web-based platforms, sensing, and simulation) T4

(Source: modified by authors from Hamstead et al., 2021) [21].

The framework presented in Figure 1 was used to evaluate flood risk management
in the local government documents and for classifying the Flood Resilience Cycle, in line
with the SETS domains into four phases: prevention, preparation, response, and recovery.
To examine its distribution, specific flood management strategies were described in coded
documents, which were categorized by S, E, and T elements. The current flood resilience
phase was the input for proposing the smart flood risk management integrated with the
master plan of the smart city in the selected cities.
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3. Results
3.1. SETS in Local Government Documents

As buffer areas of mode’s new capital city, Balikpapan and Samarinda need to essen-
tially strengthen their resilience in order to accommodate the projected massive growth
in population and urbanization. From the perspective of disaster vulnerability, flooding
is the most serious disaster in Balikpapan, followed by landslides [60], but for the past
quarter-century, flooding has also been a concern in Samarinda [61]. It is also clear that the
local governments in the both the cities consider flooding as a critical disaster that must be
prevented. The characteristics of two selected cities can be seen on Table 2 below.
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Table 2. Selected city characteristics.

Aspects Balikpapan Samarinda

Temperature (average) 31 degrees Celsius 33 degrees Celsius
Population 688,318 people 827,994 people

Flood events (2021) 30 66
Area 503.3 km2 717.4 km2

Major cause of flood Heavy precipitation Heavy precipitation
Topography Coastal city, 85% of the area is hilly Topography of lowlands crossed by rivers

Based on the analysis of the municipal planning documents, the emphasis was laid on
comprehending how flood management is planned by urban governance systems (with var-
ious socio-political, cultural, and biophysical contexts). This allowed us to assess whether
the proposed solutions are successful and feasible, and how well they are integrated into
local governance. By acquiring specific quotations from the papers, governance strategies
were identified from a selection of municipal plans in each city. The extraction focused
on quotations describing implementation strategies for flooding, actions, approaches to
flood adaptation in general, and governance mechanisms to mitigate, adapt, and respond
to flood disasters.

Appendix A shows the documents that meet the research criteria. In this paper, the
authors present the key strategies for flooding, based on the government documents that
were obtained from online government databases (https://jdih2.samarinda.go.Id (accessed
on 20 December 2021). and https://jdih2.balikpapan.go.Id (accessed on 20 December
2021). There were nine documents for Balikpapan City and six documents for Samarinda
City regarding flood management strategies. In addition, the authors developed the SETS
codebook based on Berbés-Blázquez et al. (2017) and Hamstead et al. (2021) to better
comprehend the SETS components of governance strategies [21,63]. Then, the strategies
were organized according to the SETS domain, and a SETS code was assigned to each of
them. Each strategy was identified in the two cities according to the SETS domain.

Based on the results derived through the coding, it is inferred that in Balikpapan
there are six social domain strategies, eight ecological domain strategies, and nine tech-
nological domain strategies. Meanwhile, in Samarinda City, the social domain contains
seven strategies, the ecological domain has only two, and the technological domain has
nine. The distribution of the SETS domains for each city is presented in Figure 2 Even
though both Balikpapan and Samarinda deal with the same problem (floods), their strategic
approaches differ. According to Figure 3, Balikpapan follows a rather balanced strategy
in the technological and ecological domains. Meanwhile, in Samarinda, the technological
domain is more dominant than the social and ecological ones.
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Figure 3. SETS code in the local government documents (Source: authors).

Balikpapan is dominated by flood strategies, which leads to the ecological code-1
(E-1) of conservation, preservation, and restoration. Furthermore, technological-1 (T-1)
leads the way in Balikpapan, particularly in design standards and codes (e.g., design storm
criteria and buildings codes). This is evident as the Balikpapan city government prioritizes
the technological and technological domains, in addition to having a national policy to
implement design and technology standards at the municipal level. As a key cause of urban
flooding in Balikpapan is revealed to be drainage issues, the city government consequently
prioritizes the technological and ecological domains. At the same time, the social domain
also plays a role in making the city more resilient. The strategies used in Samarinda are
more technological (as in Balikpapan) and reflect the social-4 code (knowledge transfer and
communication), but less in the ecological domain.

3.2. Mapping SETS and FRC in Current Flood Management Strategies

Following the identification of the SETs domain in flood management strategies, this
section tries to understand these strategies using the Flood Resilience Cycle developed
by Royal Haskoning [41]. The purpose is to find out the position of each city based on an
adapted version of the flood resilience circle, which can be applied to enhance the cities’
resilience to flooding. There are four phases of intervention in the Flood Resilience Cycle:
prevention, preparation, response, and recovery. The collected data on the flood strategies
in the cities of Samarinda and Balikpapan were mapped according to the Flood Resilience
Strategy (Appendix B), and their comparison can be seen in Figure 4. The two cities have
almost the same approach in dealing with floods. According to the mapping, Samarinda
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and Balikpapan have different percentages for each resilience cycle. As for the prevention
cycle, regulations have been legislated by the Mayors of Samarinda and Balikpapan, as well
as the Indonesian Ministry of Public Works (MoPW). The regulations issued by the MoPW,
named Zero Delta Q, need to be applied by flood-prone cities as a mandatory program.
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Furthermore, both Samarinda and Balikpapan seem to be more focused on the pre-
vention phase. It is known that every government document always has a prevention
strategy. For prevention, Balikpapan has more strategies than Samarinda. However, for
the response and recovery phases, these two cities have the same percentage, even though
their characteristics are very different. Balikpapan is a coastal city with the majority of its
area (85%) being mountainous, and Samarinda has lowlands that are nearly at the same
elevation level as the river’s water level.

As per the study results shown on Figure 5, the key prevention strategies in Balikpa-
pan’s documents are found to be retention and detention ponds, which are also found in
Samarinda. These ponds are designed to absorb water. Furthermore, Balikpapan also has
a master plan that designs drainage networks to mitigate flooding, whereas Samarinda
prioritizes the waterfront concept to minimize flooding caused by the Karang Mumus river.
Moreover, there are plans found in the documents to develop a new flood warning and
forecasting system. Flood warnings are issued in both the cities, so the at-risk communities
can take preventive measures to minimize the damage [64]. Remarkably, based on an
interview with a local community member, it has been understood that both the selected
cities lack real-time flood warnings.

In Samarinda, the response phase of flood resilience entails the establishment of a
Disaster Risk Reduction Forum for flood education and information sharing in urban
areas. Meanwhile, according to the documents reviewed, this type of activity has not been
identified in Balikpapan. In addition, as stated in the Regional Action Plan regulation for
reducing Greenhouse Gas Emissions in East Kalimantan Province, the prevention phase is
seen to be only available at the provincial level. Thus, the recovery phase in Balikpapan
and Samarinda is inferred to be quite limited. Correspondingly, more research and policy
action are required to enhance the recovery phase and disaster resilience.
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Figure 5. Distribution of flood resilience strategies in the selected local government documents in
Samarinda and Balikpapan.

Figures 6 and 7 illustrate a comparison of the Flood Resilience Cycle and SETS in the
two selected cities. Although both cities emphasize prevention, the dimensions of SETS
that have been implemented differ slightly. In Balikpapan, the prevention phase highlights
more significantly the ecological and technological dimensions, whereas in Samarinda,
the prevention phase is more focused on regarding the technological and social aspects.
Figure 8 shows the distribution of each SETS code in the Flood Resilience Cycles/Phase.
Based on the comparison in Figure 8, in Balikpapan, the highest at the prevention phase
are the E1 and T1 codes, which stand for “Conservation, preservation, and restoration”
and “Design standards and codes (e.g., design storm criteria and building codes).” It is
also known that there are similarities in Samarinda, with the T1 code being the highest
in the prevention phase, followed by other codes. In the recovery phase, Balikpapan and
Samarinda have the same flood management strategies that are T1 and T2. In other words,
these two cities only focus on technological domains for flood recovery. Balikpapan has
focused on S3, which means promoting participation and collaboration in the response
phase, while Samarinda has focused on S4 (knowledge transfer and communication) to
deliver flood to the community. However, both Samarinda and Balikpapan have no S5
code (economic mechanism). There is no insurance, especially for disasters, provided
by government.
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3.3. Water Smart City Approach for Flood Resilience in Samarinda and Balikpapan City

The pillars of Indonesia 2015–2045 include smart and competitive cities for improv-
ing quality of life. Thus, all the cities aim for 100 percent of smart city indicators [30].
Additionally, the 100 Smart Cities initiative is a collaboration between the Ministries of
Communication and Information, Home Affairs, Ministry of Public Works, BAPPENAS,
and the Presidential Staff Office. The movement seeks to guide Regencies/Cities in de-
veloping Smart City Masterplans to optimize the use of technology in improving public
services and accelerate the potential that exists in each region. Similarly, in Samarinda,
it is stated in article 6 of the Samarinda Mayor’s Regulation on Smart City (2018) that
one of the goals of building Samarinda Smart City is to control flooding and relocate the
Karang Mumus riverbank. Furthermore, the goal of Samarinda Smart City is to increase
the capacity and distribution of clean water. Meanwhile, flood management is included in
Balikpapan’s 2019 smart city master plan document. Table 3 summarizes the programs in
the two cities’ smart city master plans.
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Table 3. Summary of smart city masterplan regarding disaster management in Balikpapan
and Samarinda.

Aspects Balikpapan Samarinda

Smart Living

1. Early Warning System Development for flood and
landslides based on information technology
and communication

2. Utilization of sensor technology on the Internet of
Things (IoT) in reporting and monitoring water and
air pollution

Early Warning System Development for
Flood Risk

Smart Branding
1. Developing Tourism Branding for Balikpapan and

New Capital City
2. Creating a livable city with resilience to disasters

Implementing waterfront city concept by
building infrastructures to face the
flood problem

Smart Environment Developing Strategies for Supporting Sustainable
Development Goals in Balikpapan

Development of drainage systems and
riverbank management

Smart Society Enhancing community capacity for adapting to disaster Socializing utilization of Early Warning
System for Local Community

Source: Smart City of Masterplan Balikpapan (2019) and Smart City Masterplan of Samarinda (2018).

A water smart city can help to reduce flood risk by integrating various systems and pro-
viding real-time data. To successfully incorporate all the different systems, it is important
to use an information system that can save all relevant data, including the information on
hydrology and hydraulics, land management, the characteristics of various water infrastruc-
tures, and information on how these infrastructures function. In the smart city documents
of both selected cities, there are only a few programs on flood disasters. Both cities focus on
the early warning system that allows the local government to receive real-time reports from
the public regarding incidents that occur in certain locations, including floods. The early
warning system feature provides warning notifications through several channels, such as
the website (desktop/command center), mobile apps, and SMS. These notifications appear
when the sensor indicates an incident that has exceeded certain parameters. With reference
to Section 2.2, the results of identifying SETS domains in Section 3.1, and the results of
mapping and integration in Section 3.2, the authors propose an approach for implementing
a smart water city as flood risk management. In addition, the general approach to water
smart city is shown in Figure 9. The integration of SETS (Social–Ecological–Technological
System) and Flood Resilience should be considered as a new approach for supporting smart
city in each city. However, this is the proposed technical water smart city strategy for the
two selected cities.

A. Water Smart City—Ecological Domains

A key example of a measure that can help to simultaneously achieve multiple goals in
the ecological domains is to increase and preserve the natural capacity of aquifers, soils, and
ecosystems to retain and store water. Water quality and availability, habitat preservation,
and climate change resilience can all be improved by measures such as reconnecting flood-
plains to rivers, re-meandering, and wetland restoration. In addition, many urban areas
have implemented green roof technology to improve stormwater management by lowering
peak flow rates and total amounts of rooftop runoff during heavy rains. Various conditions
and design parameters (such as rainfall, soil type, building resistance, and plant species)
have been studied to determine how well the green roofs retain water quantity. In periods
of light to moderate rainfall, as well as during more extreme weather, green roofs can
absorb large amounts of stormwater, delaying and reducing peak flows [65]. Considering
the multi-faced benefits, the study strongly emphasizes the need for strengthening the
prevention phase, which focuses on strengthening the ecological dimension, by installing
green roofs to prevent flooding and increasing real-data-based nature characteristics for
different types of floods in both the selected cities.
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B. Water Smart City—Technological Domain

In Indonesia, the embankment construction has been the most common structural
method of flood control/mitigation. Flood control structures need to be operated to
consider past and current flood, river, drainage system, and rainfall conditions and future
predictions. Based on the radar measurements and nowcasts, an integrated model for
the hydrological cycle should be used to forecast river flows and water levels in real
time. Urban runoff and storm water drainage models can be created using real-time radar
measurements. When it comes to dealing with flooding, the city has made a significant
investment. Real-time control, model-based real-time forecasting, and operational rules can
help the city to obtain the most return on its investment. Fast river runoff mitigation and
water quality improvement go hand in hand. It is, therefore, necessary to have an accurate
forecast system for realizing an effective flood warning system. As the warning messages
need to be sent to relevant parties as quickly as possible, an effective communication system
is also required.

C. Water Smart City—Social Domain

Insurance schemes need to be considered to connect the preparation phase, while
focusing on the social domain and supporting the water smart city to reduce flood risk.
Balikpapan and Samarinda already have had a program to educate people in how to
address risks, but external support is still needed. There are a wide variety of flood
insurance policies in place across the globe, and they vary significantly in terms of coverage
and risk management policies. It is therefore possible to bundle the flood insurance with
coverage for other perils, such as fire, theft, or even earthquakes. The Indonesian planning
system includes zoning regulations as well as land use and building codes, which can assist
in reducing the risk of flooding. Flood insurance, on the other hand, can help to mitigate
the economic impact of flooding.

4. Discussions

Given the importance of consistent, well-considered decision making to the viability
of smart city policy, we set out to investigate the ways in which the theory and practice of
SETS shifted our understanding of the role of evidence in policymaking. The integration of
SETS for water smart city implementation in Indonesian cities experiencing flood disasters
can help to reduce flood risk. In addition, to substantiate the findings derived through
our document analysis, secondary surveys and interviews were conducted in this study to
better understand the challenges in the buffer area of Indonesia’s new capital, mainly those
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related to flood risk and the implementation of a smart city. As per the interview results,
the cities of Balikpapan and Samarinda lack adequate water capacity (rivers and drainage)
and are unable to accommodate flood discharges. This is a serious problem that exists in
both the selected cities. Furthermore, property developers have been transforming the open
spaces into built-up area to fulfill the increasing housing demand because of populational
increases, even though green open space is essential to prevent flooding in urban areas [63].
Since open green space is limited in Balikpapan and Samarinda, the two cities are likely
to suffer from flooding in future. Furthermore, a study conducted by Alexander et al. in
2019 showed that the changing climate (flood driver) requires planning and implementing
integrated stormwater management features into urban landscapes to ensure the protection
of human life and property [66].

Remarkably, numerous best practices for reducing flood risk in ecological terms can
be seen in the case of Denmark. Green areas, pocket parks, green roofs, and green walls are
installed as part of Denmark’s “Adaption Imitative 2” plan to help the country in coping
with the climate change by 2025. Green roofs not only hold 60% of the rain, but they also
improve air quality, plant life, and wildlife habitat [54]. The amount of rainwater that
runs off an asphalt road can be reduced by as much as 30% by using permeable pavement,
according to a research conducted in South Korea [57,67]. The adoption of this technique is
very relevant in the case of Kalimantan cities, such as Balikpapan and Samarinda, as the
soil is suitable for permeable pavement. A study conducted in Samarinda shows that the
local Kalimantan island material can absorb water with a maximum compression strength
of 11.6 MPa with the addition of 7.5% sand [68].

It is important to note that the management of water resources involves a wide range
of stakeholders, including water utilities, water authorities and regulators, and end users.
Water treatment and distribution have real-time monitoring and control systems, but these
systems are not effectively coordinated with each other [69]. This necessitates a framework
that integrates all these applications so that they can communicate with each other in the
future [46]. It indicates that preparing urban landscapes, including green open space, is
critical in preventing cities from flooding [70]. However, the Public Works Department in
the City of Balikpapan underlines that many developers have not built green open spaces
as per the city’s Site Plan and Environmental Permit. In this case, the local government
needs to strengthen the regulation regarding green space as the ecological domain for
managing flood risk in both Balikpapan and Samarinda.

The Ministry of Public Works’ directive falls within the technological dimension of
the SETS. Samarinda, as well as Balikpapan, have a master plan for a smart city. In both
their documents, it is stated that a water smart city can be implemented to support the
technological domain. However, the cities can complement and mutually assist one another
by aligning their flood strategy with the three domains of SETS [23]. This confirms that
flood vulnerability’s technological, social, and ecological domains are highly associated. It
shows that these cities can potentially improve vulnerable environments on both the social
and ecological levels. In this scenario, urban planners can construct green open spaces
with a focus on adequate distribution throughout cities, while simultaneously realizing
the goal of increasing social capital to increase the adaptive capacity in underprivileged
neighborhoods [71].

Based on the interviews, another identified challenge is on the technological domain,
namely the implementation of the sediment dredging program that is neither periodic
nor comprehensive, which results in a decrease in the river’s capacity or channel. Fur-
thermore, the monthly rainfall in Balikpapan ranges from light to moderate, with varied
intensities [67]. Floods are also known to occur in Samarinda because of fluctuating rain-
fall [72]. However, according to SETS, the technological domain in combination with the
ecological and social domains can play an essential role in addressing these difficulties.
Green infrastructure, for example, demonstrates technology adaptive capacity by absorbing
floodwaters and primarily filtering to support water quality [22]. However, the idea of a
smart city is not always related to technological advancements; rather, it involves a shift in
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people’s mindsets [29,73]. Apart from the IoT water level sensor, the early warning system
feature that Balikpapan and Samarinda will own is expected to allow the government to
receive real-time reports from the public regarding incidents that occur in specific locations,
including floods [74]. Thus, the government can make decisions quickly based on the
information displayed.

The conventional method of flood control concentrates on reactive solutions, such as re-
ducing exposure to flooding and vulnerabilities to flood damage [75]. This is accomplished
primarily through structural measures, such as dykes, which involve the construction
of a wall between rivers and floodplains [9,76]. On the other hand, this strategy is only
partially effective because it only serves to shift the risks of flooding, rather than completely
reducing them. Consequently, there is a need for a more comprehensive multi-disciplinary
approach, which can result in a paradigm shift away from conventional flood control and
toward intelligent flood management [77,78].

Moreover, without any water ICT standards, interoperability is hindered, which in-
creases the cost and maintenance of such applications [24]. ICTs can be used to improve
water management productivity and efficiency, maximize resource allocation using ad-
vanced information technologies for observing, storing, processing, and analyzing the
system monitoring data, and presenting the analysis results. ICT-enabled solutions for
managing water resources are becoming more widely available, resulting in water smart
city management [79]. Local governments and other stakeholders in Balikpapan and
Samarinda should accordingly incorporate IT into water management, transportation, and
the environment to achieve water security at all levels (building, city, and regional) using
information technology. In the policy documents of both cities, the local government has
been planning to implement an early warning system, but it is identifiably too difficult to
implement due to the data and real-time technology.

Additionally, there is a lack of coordination between the institutional agency or local
government and overlapped tasks. For example, the Disaster Agency in Balikpapan and
Samarinda underscore that their responsibility is limited to flood response rather than flood
prevention. During the interview, the Disaster Agency anticipates the flood situations by
monitoring the fluctuating water level. Stakeholder engagement is an essential aspect of a
more inclusive and participatory type of Flood Risk Management governance [63,80,81].
Thus, it is suggested that the stakeholders and government agencies need to be mapped
with SETS and Flood Resilience to better coordinate flood management in each city. In terms
of ecological matters, the stakeholder’s involvement in a complex socio-environmental
issue such as integrated FRM requires complex, multifaceted interactions amongst various
stakeholders [76]. Furthermore, it is important to bring together urban planners, flood risk
experts, and other stakeholders to enhance their awareness and raise their knowledge of
collaboration and an understanding of the data and the methodologies as a first step for
flood risk management.

Adaptive governance, which includes adapting and learning, is essential to achieve
resilience. Herein, adaptive governance is a collaborative effort to improve the city’s
adaptability capacity. Cities may strengthen their resilience and adaptability by engaging in
a continual learning process [14,82]. Building consensus and accommodating the interests
and needs of a wide range of stakeholders interested in spatial planning necessitates
effective governance. Good governance relies heavily on the ability of institutions to adapt
to changing circumstances [76]. However, every stakeholder has a role in reducing the risk
of flooding. It is unlikely that the efforts of the government and the community alone will
be sufficient. Individual flood prevention measures ought to be implemented, but to do so,
it is first necessary to conduct the required education and perception work regarding floods.
Lastly, using a questionnaire to understand community participation and time series, data
can also enhance smart flood risk management by mapping flood risk [82].
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5. Conclusions

Our findings on smart city integration and the SETS Framework lead us to recommend
precise smart city decision making to reduce disasters (particularly flood), as well as several
separate perspectives using both external and internal sources to better understand smart
cities. These research methods are not limited to learning about smart city decision making
based on a comprehensive approach such as SETS or FRC framework, but instead seek to
improve our understanding of both theory and practice. The paper’s research findings
highlight the need to be fully incorporated into future smart city policy plan, program,
or policy. More precisely, in how smart city technologies can be directly implemented to
achieve goals, such as the identification of urban disasters that exist in the context of a
local area. Along with highlighting the disaster issues, the research also emphasizes the
existing policies.

As buffer areas of the Indonesia’s new capital, Balikpapan and Samarinda are expected
to be disaster-resilient, particularly for flooding. As flooding is a major problem in these
two cities, it can take a serious toll on the economy. In this study, the authors tried
to comprehend the SETS (Social–Ecological–Technological) system as it relates to Flood
Resilience Cycle by reviewing the policy documents related to flooding and spatial planning
at the national, provincial, and local levels generated mapping of flood strategies. The
government database included nine documents for Balikpapan and nine documents for
Samarinda. According to the findings, Balikpapan is observed to be concentrating on the
technological and ecological domains, whereas Samarinda has been focusing specifically
on the technological domain. Flood strategies are limited in these two cities, which result
in social problems. Therefore, SETS is considered ineffective in Balikpapan and Samarinda.
Several strategies for addressing the challenges are yet to be executed, even though they
are typical flood management procedures, such as river capacity, drainage capacity, and
soil infiltration. For instance, there has been no follow-up on installing 35 flood warning
systems, even though EWS is one program in their masterplan of a smart city. Many
government programs have been implemented; however, they are not shown to be effective
in dealing with flooding.

The water smart city approach was suggested to achieve flood risk management based
on integrating the Flood Resilience phase and SETS frameworks. Therefore, three key
approaches were identified for strengthening the smart city strategies: ‘Water Smart City
Management for Ecological Domains’, ‘Water Smart City Management for Technological
Domains’, and ‘Water Smart City Management for Social Domains’. Since the smart
cities of Balikpapan and Samarinda are still in their early stage, it is difficult to identify
the challenges from the field. Due to this research limitation, more data collection and
evaluating smart city masterplan are the future plans of this study.
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Appendix A. List of Local Government Documents

No. Document Name Strategies Extracted and Strategy Code

Balikpapan

1
Government Regulation Number 13 of 2017
concerning National Spatial Planning

Zero Delta Q policy is suggested to be one of the
benchmarks of successful implementations of the regional
drainage system (T1)

2
Regional Action Plan for Reducing Greenhouse
Gas Emissions in the East Kalimantan Province

Development of irrigation network, paddy field network
(E3), and flood control facilities and infrastructure (E2)

3
Regional Regulation Of the East Kalimantan
Province Number 2 Year 2013 Concerning
Regional Disaster Management

Conducting disaster risk analysis, monitoring and
evaluation (T4), organizing disaster management
education and training in accordance with its mandate
and authority, based on the guidelines set by the Regional
Disaster Management Agency (S4), implementing
preparedness and early warning activities (S4),
implementing disaster management at the post-disaster
phase (rehabilitation and reconstruction) (T1,T2)

4 Spatial Plan of Balikpapan (RTRW)

More than a dozen flood-prone areas in Balikpapan have
been identified for 13 Bendali (Flood Control Dams).
However, only three city–government-owned dams have
been constructed (Dam 3, Dam 4, and Wonorejo Dam) (T1)

5 Flood Management Study Documents

Provision of detention ponds with 2.5 m in depth
dimension (T1). The scenario of providing detention
ponds with the depth dimension of 3 m (T1) The scenario
for maintaining the green area in the design year, in 2032
at least 20% and with the direction of providing a
detention pond dimension of 2.5 m, (E1) maintain green
cover area in planned year (2032) with minimum of 20%
and with the direction of the dimensions of providing a
detention pond of 3 m (E1)

6 Balikpapan Drainage Master Plan

Development of an environmentally friendly drainage
system (E3); determining priorities for handling,
development, and improvement in strategic areas that are
vulnerabile to inundation (S2); creating a coordination
mechanism, assigning the roles and responsibilities of the
government, private sector, and community in handling
drainage; strengthening institutional capacity, and
increasing human resources for drainage
management. (S3)

7
Balikpapan Regulation Number 5 of 2013
concerning Provision of Infrastructure, Facilities,
and Utilities in Residential Areas

Balikpapan sets 4% of the site area for the provision of
green open space (E1)

8
Mayor Regulation Number 22 year 2021
concerning Detailed Spatial Planning and Zoning
Regulations of Balikpapan for 2021–2041

Structuring the area around the reservoir (T1),
reforestation around the reservoirs (E1), and revitalisation
of urban slum areas (E1)

9
Regional Regulation No 2 year 2018 Concerning
Regional Disaster Management Implementation

Determining areas that are vulnerable to natural disasters
(floods) to be away from human settlements (S2),
installation and testing of early warning system,
preparation of evacuation locations (S1), develop
Vulnerability Map including floods (T4)
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No. Document Name Strategies Extracted and Strategy Code

Samarinda

1
Government Regulation Number 13 of 2017
concerning National Spatial Planning

Zero Delta Q policy is suggested to be one of the
benchmarks of successful implementations of the regional
drainage system (T1)

2
Regional Action Plan for Reducing Greenhouse
Gas Emissions in the East Kalimantan Province

Development of irrigation network, paddy field network
(E3),and flood control facilities and infrastructure (E2)

3
Regional Regulation Of the East Kalimantan
Province Number 2 Year 2013 Concerning
Regional Disaster Management

Conducting disaster risk analysis, monitoring and
evaluation (T4); organizing disaster management
education and training in accordance withits mandate and
authority, based on the guidelines set by the Regional
Disaster Management Agency (S4); implementing
preparedness and early warning activities (S4);
implementing disaster management at the post-disaster
phase (rehabilitation and reconstruction) (T1,T2)

4
Regional Regulation Of The City Of Samarinda
Number 2 Of 2014 Concerning Spatial Plan For
The City Of Samarinda 2014–2034

Implementing a flood control system by building retention
and detention ponds to accommodate overflowing water
(T2); providing a flood evacuation route (S4); mapping
flood-vulnerable areas (T4); developing a program to
improve the drainage system in flood-vulnerable areas
with a tiered and integrated system (S2)

5
Regional Regulation Of The City Of Samarinda
Number 10 Year 2017 Concerning Implementation
Of Disaster Management

Establishing a Disaster Risk Reduction Forum (S3);
organizing education and training activities at formal,
non-formal and informal levels aimed to increase
awareness, concern, capability, as well as Community
Preparedness in dealing with disasters (S4);
implementation and enforcement of building construction
provisions (T1); development of spatial planning based on
Disaster Risk analysis (T1)

6
Regulation Of The Mayor Of Samarinda Number
8 Year 2018 Concerning The Samarinda Smart
City Masterplan

Organizing the banks of the Karang Mumus River to
support flood control and the Waterfront City concept (T3)
and Optimizing land management to cope flooding (S2)
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Appendix B. Mapping SETS and Flood Resilience in Samarinda and Balikpapan

Prevention Preparation Response Recovery

Balikpapan

Zero Delta Q policy (T1)
Flood control facilities and
infrastructure (E2)

Conducting disaster risk analysis,
monitoring and evaluation (T4)

Development of irrigation network,
paddy field network (E3)

Implementing of preparedness and
early warning activities (S4)

Organizing disaster management
education and training (S4)

Organizing disaster management
education and training (S4)

More than a dozen flood-vulnerability
areas in Balikpapan have been
designated for 13 Bendali (Flood
Control Dams) (T1)

Determine priorities for flood handling,
development, and improvement in
strategic areas vulnerability to
inundation (S2)

Provision of detention ponds with the
direction of the depth dimension of the
detention pond being 2.5 m (T1)
The scenario of providing detention
ponds with the direction of the depth
dimension of the detention pond is
3 m (T1)
The scenario for maintaining the green
cover area in the design year, in 2032 at
least 20% and with the direction of
providing a detention pond dimension
of 2.5 m (E1)
Maintain green cover area in plan year
(2032) with minimum of 20% and with
the direction of the dimensions of
providing a detention pond of 3 m (E1)
Development of an environmentally
friendly drainage system (E3)
Balikpapan sets 4% of the site area for
the provision of green open space (E1)
Structuring the area around the
reservoir (T1)
Reforestation around reservoirs (E1)
Revitalization of urban slum areas (E1)

Installation and testing of early warning
system; preparation of evacuation
locations (S1)

Create a coordination mechanism;
determine the roles and responsibilities
of the government, the private sector,
and the community in handling
drainage; strengthen institutional
capacity; and increase human resources
for drainage management (S3)

Implementing disaster management at
the post-disaster stage (rehabilitation
and reconstruction) (T1,T2)
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Prevention Preparation Response Recovery
Determine areas vulnerability to natural
disasters (floods) far from
settlements (S2)
Develop Vulnerability Map including
Flood (T4)

Samarinda

Zero Delta Q policy (T1)
Flood control facilities and
infrastructure (E2)

Conducting disaster risk analysis,
monitoring and evaluation (T4)

Development of irrigation network,
paddy field network (E3)

Organizing disaster management
education and training (S4)

Implementing preparedness and early
warning activities (S4)

Organizing disaster management
education and training (S4)

Implementing of preparedness and
early warning activities (S4)

Providing a flood evacuation route (S4)

Implementing a flood control system by
built retention ponds and detention
ponds to accommodate overflowing
water (T2)
Mapping flood-vulnerability areas (T4)
Develop a program to improve the
drainage system in flood-vulnerability
areas with a tiered and integrated
system (S2)
Implementation and enforcement of
building construction provisions (T1)
Develop spatial planning based on
Disaster Risk analysis (T1)
Organizing the banks of the Karang
Mumus River to support flood control
and the Waterfront City concept (T3)
Optimization of land management to
cope flooding (S2)

Organizing education and training
activities at formal, non-formal, and
informal levels aimed at increasing
awareness, concern, capability, and
Community Preparedness in dealing
with disasters (S4)

Establishing a Disaster Risk Reduction
Forum (S3)

Implementing disaster management at
the post-disaster stage (rehabilitation
and reconstruction) (T1,T2)
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