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Abstract
Purpose: This study aimed to bridge the gap between coastal
. defense management strategies and community resilience by

adopting a strategic management perspective. Integrated Coastal
Defense (ICD) is conceptualized as a strategic resource, whereas
governance, management capacity, and social capital are treated as
organizational capabilities influencing resilience outcomes.
Methodology: A quantitative approach was employed using
Structural Equation Modeling-Partial Least Squares (SEM-PLS).
Data were collected from 350 respondents across the North Natuna
Arﬁck History Sea, Malacca Strait, and Sulawesi Sea, representing stakeholders
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enhanced community resilience (f = 0.41, p <0.01). ICD also has
a direct effect on resilience (B = 0.29, p < 0.05), with governance
and social capital partially mediating this relationship (f = 0.21, p
<0.01). The model explained 68% of the variance in resilience (R?
=0.68).

Conclusions: Community resilience is enhanced when coastal
defense strategies are supported by strong governance, effective
management, and active stakeholder participation.

Limitations: The cross-sectional design and reliance on
perception-based data may limit the causal inference and
generalizability beyond the Indonesian context.

Contributions: This study integrates strategic resource theory and
resilience frameworks, demonstrating that coastal defense
effectiveness depends on the alignment between infrastructure and
governance capabilities.
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1. Introduction

Coastal regions are vital for sustaining national security, economic development and community
livelihoods. Globally, more than 40% of the world’s population lives within 100 km of the coast, making
coastal zones highly significant for food production, trade, and security (Neumann, Vafeidis,
Zimmermann, & Nicholls, 2015). For archipelagic states such as Indonesia, coastal regions serve as the
frontlines of national defense, maritime trade, and natural resource management. However, these
regions are increasingly exposed to a combination of traditional and nontraditional threats. Climate-
induced hazards, such as sea-level rise, coastal erosion, and intensified storms, directly threaten
communities, infrastructure, and ecosystems (Cooley et al., 2023). Simultaneously, Illegal, Unreported,
and Unregulated (IUU) fishing has escalated into a multidimensional problem that undermines food
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security, sovereignty, and maritime governance (Kraan, Groeneveld, Pauwelussen, Haasnoot, & Bush,
2020).

From a strategic and public sector management perspective, coastal defense systems can be understood
as complex organizational arrangements that require the alignment of resources, capabilities, and
governance structures. In this context, coastal defense is not merely a technical or infrastructural issue
but also a matter of management performance, policy coordination and institutional effectiveness.
Public sector organizations, including naval institutions and local governments, play a central role in
designing and implementing coastal defense strategies, where their effectiveness depends on their
ability to manage resources, coordinate stakeholders, and ensure policy integration across multiple
levels of governance.

Despite the growing body of literature on coastal defence and community resilience, these domains are
often examined separately. Engineering-based studies focus on infrastructure effectiveness, whereas
social science research emphasizes governance and community adaptation. However, limited empirical
research has integrated these dimensions into a unified strategic management framework. This
fragmentation creates a critical gap in understanding how physical defense systems interact with
governance mechanisms to produce resilient outcomes, particularly in archipelagic contexts such as
Indonesia.

From a resource management perspective, integrated coastal defense requires effective management,
institutional coordination, and active participation by multiple stakeholders. Coastal resilience is not
solely determined by physical infrastructure but also by the capacity of organizations and communities
to collaborate, share knowledge and coordinate responses to maritime threats. Government agencies,
naval institutions, and community organizations must develop governance structures that support
collective decision-making, trust building, and stakeholder engagement. In this context, management
and participatory governance function as critical human resource mechanisms that enable the effective
implementation of coastal defense strategies while strengthening community resilience.

From a geopolitical perspective, the Indo-Pacific region has become a focal point of global maritime
competition. Indonesia’s strategic waterways, including the Malacca Strait, North Natuna Sea, and
Sulawesi Sea, are critical maritime chokepoints for global trade and energy flows (Gu, Dillard, Gerst,
& Loerzel, 2023). This makes coastal defense a matter of national interest and an international security
concern. Management of coastal defense strategies has relied heavily on hard infrastructure, such as
naval bases, ports, seawalls, and surveillance systems. However, the effectiveness of these strategies
depends on institutional coordination, management capacity, and stakeholder participation within
coastal governance systems. While essential, these measures alone are insufficient to build long-term
resilience, especially in the face of complex socio-environmental challenges (Pasca, De Simone,
Ciavolino, Rochira, & Mannarini, 2023).

The concept of resilience emphasizes the ability of communities and systems to absorb disturbances,
adapt, and recover. In the context of coastal defense, resilience is not merely about physical protection
but also about empowering local communities with adaptive capacity, governance mechanisms and
social capital. Integrated coastal defense approaches, which combine hard and soft measures such as
ecological restoration, participatory governance, and disaster preparedness, are increasingly recognized
as effective strategies for strengthening both ecological and social resilience (Temmerman et al., 2013).

Despite the growing attention to resilience frameworks, a research gap remains in linking physical
defense systems with community-based resilience systematically and empirically. Much of the existing
literature treats coastal defense as an engineering or policy problem, whereas community resilience is
often explored from a social science perspective (Folke, 2016). Few studies have attempted to
quantitatively integrate these dimensions, particularly in the context of developing archipelagic nations
such as Indonesia. Therefore, this study seeks to bridge that gap by applying Structural Equation
Modeling-Partial Least Squares (SEM-PLS) to analyze the relationships among integrated coastal
defense, governance, and social capital, and community resilience.
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Coastal regions play crucial roles in national security, economic development, and community
livelihoods. As the world’s largest archipelagic state, Indonesia faces increasing maritime challenges,
including climate-induced hazards, Illegal, Unreported, and Unregulated (IUU) fishing, and strategic
competition in the Indo-Pacific (Dirman, Riniwati, Harahab, Semedi, & Rachmansyah, 2024).
Traditional coastal defense strategies have largely emphasized military and physical infrastructures.
However, resilience cannot be achieved without integrating community-based approaches into the
planning process.

Drawing on the Resource-Based View (RBV), Integrated Coastal Defense (ICD) can be conceptualized
as a strategic resource that contributes to long-term performance when supported by appropriate
organizational capabilities. Governance quality, management capacity, and social capital are intangible
assets that enable organizations to transform physical infrastructure investments into effective resilience
outcomes. These organizational capabilities facilitate coordination, knowledge sharing, and adaptive
decision-making among stakeholders, thereby enhancing the overall effectiveness of coastal defense
systems. Without such capabilities, even well-developed infrastructure may fail to generate sustainable
policy outcomes.

By focusing on Indonesia’s strategic maritime regions, this study contributes both theoretically and
practically. Theoretically, it expands resilience studies by integrating the defense and community
dimensions into a single empirical framework. Practically, it provides evidence-based insights for
policymakers, military planners, and coastal managers to design integrated strategies that enhance
national resilience while safeguarding the welfare of the community. Although prior studies have
examined coastal infrastructure and community resilience as distinct domains, few have systematically
integrated these dimensions within a unified analytical framework. Few empirical investigations have
employed robust quantitative approaches to examine how integrated coastal defense strategies interact
with governance mechanisms and social capital to enhance community resilience in maritime contexts.
This gap is particularly evident in archipelagic nations, where physical security, ecological
sustainability, and community capacity are deeply interconnected yet often analyzed separately.

Against this background, this study addresses the following research questions: To what extent do
integrate coastal defense strategies influence community resilience? How do governance and social
capital mediate the relationship between coastal defense and community resilience? In what ways can
structural equation modeling-partial least squares (SEM-PLS) provide empirical evidence for the
multidimensional nature of maritime resilience? Accordingly, the primary objective of this study is to
develop and empirically validate a conceptual framework that links integrated coastal defense,
governance, social capital, and community resilience within Indonesia’s strategic maritime zones. By
doing so, this study seeks to provide a comprehensive and evidence-based understanding of how
physical defense systems and social-institutional factors jointly contribute to sustainable maritime
resilience.

Beyond its theoretical contribution, this study has direct policy relevance for maritime and coastal
governance. The empirical findings demonstrate that investments in coastal defense infrastructure yield
optimal outcomes when institutionally embedded within governance systems that promote
participation, trust, and collaborative coordination. In practical terms, this implies that policymakers
should design coastal defense programs not merely as engineering projects but as integrated socio-
institutional initiatives. By aligning infrastructure development with governance reforms and
community empowerment mechanisms, governments can enhance their adaptive capacity, reduce long-
term vulnerabilities, and strengthen national maritime resilience. This integrated approach is
particularly relevant for archipelagic states such as Indonesia, where coastal security, environmental
sustainability, and community livelihood are deeply interconnected.

Despite the increasing attention to coastal resilience and maritime security, a significant research gap

remains in integrating management and organizational perspectives into coastal defence studies.
Existing research has largely focused on engineering solutions or policy frameworks, while limited
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attention has been given to how organizational capabilities and management performance influence the
effectiveness of coastal defense systems in China. In particular, empirical studies linking strategic
resources, governance mechanisms, and performance outcomes within a unified analytical framework
are scarce. Therefore, this study addresses this gap by examining how integrated coastal defense,
governance, social capital, and community resilience are interconnected within a strategic management
framework.

This study offers a novel perspective by systematically integrating coastal defense strategies and
community resilience into a unified quantitative framework. While prior research has often examined
physical defense infrastructure or social resilience independently, few studies have empirically tested
their interactions and mediating mechanisms using Structural Equation Modeling. By combining
engineering-oriented coastal defense measures with governance and social capital dimensions, this
study advances a multidimensional understanding of maritime resilience. The originality of the study
lies in demonstrating that resilience is not solely a function of physical protection or social capacity but
rather the product of their dynamic interaction. This integrated framework bridges the disciplinary
divides between security studies, coastal management, and resilience theory.

2. Literature Review and Hypothesis Development

From a strategic management perspective, organizational performance is shaped by effective alignment
between strategic resources and organizational capabilities. Drawing on the Resource-Based View
(RBV), organizations achieve superior performance when they can deploy valuable, rare, and inimitable
resources in combination with strong internal capabilities. In the context of coastal defense, physical
infrastructure and ecological systems can be viewed as strategic resources, whereas governance
structures, management capacity, and social capital function as organizational capabilities that
determine how effectively these resources are utilized. Therefore, understanding coastal defense
requires an integrated framework that links strategic resources, organizational capabilities and
performance outcomes.

2.1 Integrated Coastal Defense (ICD).

Integrated Coastal Defense (ICD) refers to a holistic approach that combines hard infrastructure (such
as seawalls, breakwaters, ports, and surveillance systems) and soft or nature-based measures (such as
mangrove restoration, wetland rehabilitation, and zoning regulations). The rationale behind ICD is that
relying solely on hard engineering solutions often provides short-term protection but may lead to
ecological degradation and increased vulnerability over time (Major, Lehmann, & Fitton, 2018). In
contrast, integrating ecological systems with engineered structures enhances the adaptive capacity of
coastal regions to withstand climate hazards, security risks, and human pressures.

From a management perspective, Integrated Coastal Defense (ICD) can be conceptualized as a strategic
resource that provides both protective and adaptive value to coastal systems. As a strategic resource,
ICD encompasses not only physical infrastructure but also ecological assets and defence coordination
mechanisms that support long-term sustainability. However, the value of this resource depends on how
effectively it is managed and integrated into governance systems. In line with RBV, the contribution of
ICD to performance outcomes is contingent on the presence of complementary organizational
capabilities that enable its effective deployment.

Hard measures are critical components of ICD and are designed to provide direct physical protection
against such threats. These include seawalls and revetments that prevent coastal erosion, breakwaters
that reduce wave energy, ports and naval bases that support economic and defense activities, and coastal
surveillance systems that enhance maritime security (Aerts et al., 2014). Although these structures are
effective in safeguarding assets, they are costly to maintain and can create ecological imbalances by
altering sediment flows and disrupting natural habitats. Thus, in the ICD framework, hard measures are
strategically deployed in conjunction with ecosystem-based solutions (Alongi, 2015).

Soft measures emphasize ecological and regulatory interventions that strengthen natural defenses while
supporting local livelihoods. For example, mangrove forests serve as natural wave buffers, reduce
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shoreline erosion, and provide critical nursery grounds for fish (Alongi, 2015). Similarly, zoning
policies and coastal land-use planning help minimize exposure to hazards by regulating construction in
high-risk areas (Charuka, Angnuureng, & Agblorti, 2023; Dirman et al., 2024). These measures are
often more cost-effective and sustainable than hard infrastructure and promote co-benefits such as
biodiversity conservation, carbon sequestration, and food security.

The core strength of the ICD lies in the integration of both hard and soft strategies, creating a layered
and adaptive defence system. For instance, combining seawalls with mangrove belts provides
immediate physical protection and long-term ecological resilience (Spalding et al., 2014). Furthermore,
governance mechanisms and community participation are essential for ensuring that ICD is effectively
implemented, socially accepted, and maintained over time. As coastal populations grow and climate-
related hazards intensify, ICD offers a comprehensive framework for balancing security, sustainability,
and community resilience in maritime nations, such as Indonesia.

2.2 Community Resilience (CR)

Community Resilience (CR) refers to the ability of local communities to withstand, absorb, adapt, and
recover from disturbances while maintaining essential functions and structures. In maritime contexts,
CR extends beyond disaster preparedness to include adaptive responses to long-term threats such as
climate change, Illegal, Unreported, and Unregulated (IUU) fishing, and regional security challenges
(Si, Liang, & Zhou, 2024). The strength of CR lies not only in physical assets but also in social capital,
governance, and local knowledge that enable communities to respond effectively under stress.

From an organizational perspective, community resilience can be viewed as a performance outcome
that reflects the effectiveness of both strategic resources and organizational capability. Resilience
outcomes, such as adaptive capacity, recovery speed, and livelihood security, indicate how well coastal
systems respond to environmental and security challenges. In this sense, community resilience
represents not only a social condition but also a measurable indicator of policy and management
performance in coastal defense systems.CR is deeply embedded in social and economic systems. Social
networks, mutual trust, and community-based organizations play crucial roles in facilitating rapid
response and recovery after maritime hazards such as storms, oil spills and piracy (Aldrich & Meyer,
2015). Similarly, diversified livelihoods, such as fishing, aquaculture, and small-scale trade, enhance
resilience by reducing dependence on a single income source (Kent et al., 2024). Communities with
higher levels of education, economic resources, and local governance capacity are generally more
adaptive and capable of transforming challenges into opportunities.

Environmental stewardship is a key component of CR. Coastal communities that actively engage in
mangrove restoration, sustainable fisheries, and marine protected areas not only reduce their
vulnerability to climate-induced hazards but also enhance their long-term ecological resilience (Idajati
& Damanik, 2025). Local ecological knowledge is often critical for designing adaptive practices that
align with cultural traditions and sustainable resource use (Narendr, Aithal, & Das, 2024). Thus, CR is
strengthened when ecological health is maintained in conjunction with social and economic
development. The governance dimension of CR highlights the importance of inclusive decision-
making, policy support and institutional trust. Participatory governance ensures that local communities
are not passive recipients of aid but are active agents in shaping resilience strategies. Moreover,
resilience is not just about bouncing back but also about transformative capacity the ability to reorganize
social and institutional arrangements to prepare better for future threats (Charuka et al., 2023). In
maritime nations such as Indonesia, integrating CR into national security and coastal defense policies
is essential to balance security, sustainability, and human development.

2.3 Governance, Management, and Social Capital (GSC)

From a resource management perspective, governance and social capital can be understood as
organizational capabilities that enable the coordination, collaboration, and collective action of
stakeholders involved in coastal management. Effective coastal defense requires not only physical
infrastructure but also competent management, skilled personnel, and participatory organizational
cultures that support knowledge sharing and stakeholder engagement. In public sector and community-
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based governance systems, management capacity and employee participation play crucial roles in
translating policy strategies into practical actions. When institutions foster trust, collaborative decision-
making, and community involvement, they strengthen the human resource foundations necessary for
effective, resilience-building. Therefore, governance and social capital can be interpreted as
organizational resources that enhance the coordination between government agencies, naval
institutions, and coastal communities in implementing integrated coastal defense strategies.

In the context of strategic management, governance, and social capital, they can be interpreted as critical
organizational capabilities that enable institutions to coordinate resources and achieve policy objectives.
These capabilities include management effectiveness, stakeholder engagement, trust building, and
collaborative decision-making processes. Strong organizational capabilities enhance public sector
institutions’ ability to translate strategic resources into tangible outcomes. Thus, governance and social
capital do not merely support coastal defense but actively determine its effectiveness as a coordinated
action system.

Collaboration between the government, navy, and communities; trust, participation, and knowledge
sharing. Governance and Social Capital (GSC) play a central role in building resilience within maritime
communities. Governance refers to the management structures, institutional arrangements, and human
resource capabilities that facilitate decision making, coordination, and policy implementation
(Tadjuddah et al., 2023). In coastal and maritime contexts, the GSC ensures that state actors, such as
the navy and local governments, work collaboratively with communities to safeguard both security and
livelihoods. This synergy between governance and social capital forms the backbone of adaptive and
participatory resilience strategies.

Effective governance in maritime security requires the collaboration of multiple stakeholders, including
government agencies, naval forces, local communities and non-governmental organizations. Such
collaboration enables coordinated responses to threats such as piracy, illegal fishing, and climate-
induced disasters (Baldacchino, 2018; Oktari, Latuamury, Idroes, Sofyan, & Munadi, 2022). For
instance, joint patrols and community-based monitoring systems strengthen maritime domain
awareness while fostering local ownership of security initiatives (Shaffril, Abu Samah, & Samsuddin,
2022). By institutionalizing collaboration, governance frameworks move beyond top-down control to
co-management models that enhance both effectiveness and legitimacy of the project.

Social capital enhances governance by building trust, participation, and knowledge sharing.
Communities with high levels of trust in institutions are more likely to comply with regulations and
participate actively in resilience programs. Moreover, participation ensures that local voices and
Indigenous knowledge are incorporated into planning processes, improving the relevance and
sustainability of policies (Rochira et al., 2023). Knowledge sharing among naval forces, scientific
experts, and coastal residents facilitates collective learning and innovation, enabling communities to
adapt more effectively to complex maritime challenges.

The integration of governance and social capital has significant implications for maritime resilience.
Strong governance without social capital risks being rigid and exclusionary, whereas social capital
without institutional support may lack the capacity to address large-scale challenges. When aligned,
GSC fosters both top-down coordination and bottom-up empowerment, creating resilient systems
capable of withstanding shocks and transforming in the face of uncertainty (Li & van de Lindt, 2025).
In the Indonesian context, embedding GSC into coastal defense strategies ensures that maritime
resilience is not only a matter of infrastructure but also of inclusive governance and community
empowerment.

2.4 Hypothesis

Based on the strategic management perspective, this study conceptualizes Integrated Coastal Defense
(ICD) as a strategic input, Governance and Social Capital (GSC) as organizational capabilities, and
Community Resilience (CR) as a performance outcome. This framework emphasizes that the
effectiveness of coastal defense strategies depends not only on the availability of resources but also on
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the capability of organizations to manage, coordinate, and utilize these resources. Therefore, the
proposed hypotheses are designed to examine both direct and indirect relationships among strategic
resources, organizational capabilities, and performance outcomes in coastal governance systems.

This study examined three main constructs. Integrated Coastal Defense (ICD) was measured using
indicators of infrastructure readiness, ecological protection, and defense coordination. Governance and
Social Capital (GSC) were assessed using indicators of participation, trust, and collaborative
governance. Community Resilience (CR) was operationalized through adaptive capacity, recovery
speed, and livelihood security. All constructs were derived from the relevant literature to ensure content
validity.

ICD
Integrated
Coastal Defense

CR
Community
Resilience

GSC
Governance and
Social Capital

Figure 1. Conceptual Framework of Research.

Variables Indicators:

ICD : Infrastructure readiness, Ecological protection, Defense coordination.

GSC : Participation, Trust, Collaborative Governance.

CR : Adaptive capacity, Recovery speed, Livelihood security.
Hypotheses:

H;: Integrated Coastal Defense (ICD) is expected to have a strong positive effect on Governance
and Social Capital (GSC), with an estimated path coefficient above 0.50, indicating that
more than 50% of governance improvement can be attributed to coastal defense integration.

H>: Governance and Social Capital (GSC) are expected to have a moderate-to-strong positive
effect on Community Resilience (CR), with an estimated coefficient above 0.40, suggesting
that approximately 40% of resilience improvement is driven by governance quality and
social cohesion.

Hj: Integrated Coastal Defense (ICD) is expected to have a moderate direct effect on Community
Resilience (CR), with an estimated coefficient above 0.25, indicating that approximately
25-30% of resilience outcomes can be directly explained by infrastructure and ecological
protection.

Hy: Governance and Social Capital (GSC) are expected to partially mediate the relationship
between ICD and CR, with an indirect effect above 0.20, implying that at least 20% of ICD’s
impact of ICD on resilience operates through governance mechanisms.

To address the identified research gap, namely, the limited integration of physical coastal defense and
social resilience within a unified empirical framework, this study formulates four interrelated
hypotheses. These hypotheses are designed to test direct relationships and uncover the underlying
mechanisms linking structural defense measures and community-level resilience outcomes.

H, proposes that Integrated Coastal Defense (ICD) positively influences Governance and Social Capital

(GSC). This hypothesis fills this gap by empirically examining whether investments in physical and
ecological defense systems extend beyond infrastructure outcomes to shape institutional coordination,
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trust, and participation (Li & van de Lindt, 2025; Prakasa, Sawu, & Ulinnuha, 2025). While prior
research often treats infrastructure as a purely technical domain, H1 tests its broader socioinstitutional
implications.

H, posits that Governance and Social Capital (GSC) positively influence Community Resilience (CR).
This hypothesis addresses the gap in understanding how governance mechanisms and social cohesion
translate into measurable resilience outcomes in maritime contexts (Ali & Ayelign, 2022; Potamos,
Stavrou, & Stavrou, 2024). By empirically validating this link, this study strengthens the argument that
resilience is socially embedded rather than solely infrastructure-driven.

H; examines the direct effect of ICD on CR, addressing whether physical and ecological defence
strategies independently contribute to resilience. Testing this relationship clarifies whether
infrastructure alone is sufficient or whether additional social mechanisms are required (Ali, 2021;
Ochwo & Mwesigwa, 2021).

Finally, H4 introduces a mediation hypothesis, proposing that GSC mediates the relationship between
ICD and CR. This hypothesis is central to bridging the gap identified in the literature as it integrates
physical defense and social resilience (Dirman et al., 2024; Kent et al., 2024) within a single structural
model. By testing mediation, this study moves beyond fragmented analyses and demonstrates how
governance and social capital function as connecting mechanisms between defense strategies and
community resilience outcomes.

3. Methodology

This study employed a quantitative research design and a structured survey to collect primary data. This
approach was chosen to enable statistical testing of the proposed conceptual framework through a robust
empirical analysis. The sample consisted of 350 respondents, including community leaders, fishermen,
and local government officers from three strategic maritime regions of Indonesia: Natuna Islands,
Malacca Strait, and Sulawesi Sea. The selected regions represent strategic maritime zones with high
exposure to environmental risks and security challenges, making them suitable for examining integrated
coastal defense dynamics. These groups were selected because of their direct involvement in maritime
security, governance and community livelihood. Data were collected using a 5-point Likert scale
questionnaire, ranging from 1 (“strongly disagree”) to 5 (“strongly agree”) to capture respondents’
perceptions regarding coastal defense, governance, and resilience.

Data were analyzed using Structural Equation Modeling—Partial Least Squares (SEM-PLS) with the
SmartPLS 4 software. The analysis was conducted in three main steps. First, the measurement model
was assessed by examining the reliability and validity criteria. Second, the structural model was
evaluated using path coefficients, R? Q7 and effect sizes (). Finally, hypothesis testing was conducted
using bootstrapping with 5,000 resamples to establish the statistical significance of the proposed
relationship. This multi-step approach ensured the robustness and reliability of our empirical findings.
Despite its robustness, SEM-PLS is primarily prediction-oriented and may not fully capture causal
complexity compared to longitudinal designs. Additionally, the use of perception-based survey data
may have introduced subjective bias.

Structural Equation Modeling-Partial Least Squares (SEM-PLS) was selected as the analytical method
because of its suitability for examining complex multivariate relationships among latent constructs in
exploratory and prediction-oriented research. Unlike covariance-based SEM, SEM-PLS is particularly
appropriate for studies that aim to maximize the explained variance (R?) and assess mediation effects
within relatively complex structural models. The method is also robust in handling non-normal data
distributions and moderate sample sizes, making it well-suited for social and maritime research contexts
where perceptual survey data are commonly used. Furthermore, SEM-PLS allows for the simultaneous
evaluation of both the measurement model (reliability and validity of constructs) and the structural
model (hypothesized relationships among constructs), thereby providing a comprehensive assessment
of the multidimensional framework linking integrated coastal defense, governance and social capital,
and community resilience.
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4. Results And Discussion

4.1 Outer Loadings SEM-PLS Results

The outer loading values indicate the strength of the relationship between each indicator and its
corresponding latent constructs. In SEM-PLS, loadings above 0.70 are generally considered acceptable,
as they demonstrate that the indicator shares sufficient variance with the latent construct (Sarstedt,
Ringle, & Hair, 2021). All indicators in this study had loadings ranging from 0.79 to 0.88, suggesting
strong convergent validity across the three constructs.

Table 1. Measurement Model: Outer Loadings of Constructs

Construct Indicator Description Quter Loading
ICD1 Infrastructure readiness 0.81
Integrated Coastal Defense (ICD) ICD2 Ecological protection 0.84
ICD3 Defense coordination 0.79
GSC1 Participation 0.82
Governance and Social Capital (GSC) | GSC2 Trust 0.85
GSC3 Collaborative governance 0.88
CR1 Adaptive capacity 0.83
Community Resilience (CR) CR2 Recovery speed 0.80
CR3 Livelihood security 0.86

All outer loading values exceeded the recommended threshold of 0.70, indicating the satisfactory
convergent validity of the measurement model (Sarstedt et al., 2021). The results suggest that the
indicators reliably represent their respective constructs of Integrated Coastal Defense, Governance and
Social Capital, and Community Resilience.

4.1.1 Integrated Coastal Defense (ICD)

1. ICDI1 (Infrastructure readiness) — 0.81: This shows that infrastructure readiness (e.g., seawalls,
ports, and surveillance systems) is a strong reflection of the ICD construct. A loading above
0.80 means that respondents consistently perceive physical infrastructure as a key dimension
of coastal defense.

2. ICD2 (Ecological protection) — 0.84: This is the highest loading among ICD indicators,
indicating that ecosystem-based measures (e.g., mangrove restoration and zoning policies) are
even more strongly associated with ICD than traditional hard infrastructure. This highlights the
importance of ecological sustainability in modern defence strategies.

3. ICD3 (Defense coordination) — 0.79: Although slightly lower than the others, this value still
exceeds the threshold, suggesting that inter-agency coordination (navy, local government, and
communities) is an essential but relatively more variable aspect of ICD.

4.1.2 Governance and Social Capital (GSC)

1. GSC1 (Participation) — 0.82: This confirms that active community involvement in decision-
making significantly reflects governance quality and social capital.

2. GSC2 (Trust) — 0.85: This indicator reflects the level of trust between communities and
institutions, including government agencies and naval authorities, which is essential for
strengthening governance effectiveness and collaborative decision making.

3. GSC3 (Collaborative governance) — 0.88: The strongest loading in the entire table, showing
that shared governance mechanisms and partnerships are the most defining element of GSC.
This suggests that collaboration adds the greatest explanatory value to the resilience outcomes.

4.1.3 Community Resilience (CR)
1. CR1 (Adaptive capacity) — 0.83: This reflects the community’s ability to adjust and reorganize
in response to maritime challenges such as climate change. This is a key factor in resilience.
2. CR2 (recovery speed) — 0.80: This demonstrates that the speed at which communities recover
after disruptions (storms, security incidents) is an important but slightly less consistent
dimension compared to others.
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3. CR3 (Livelihood security) — 0.86: The highest loading for CR, indicating that stable and secure
livelihoods are the strongest reflection of resilience. Without livelihood security, resilience
remains fragile, even when adaptation and recovery mechanisms are established.

4.1.4 Conclusion from Outer Loadings

1. All indicators exceeded the recommended threshold of 0.70, establishing convergent validity.

2. The strongest indicators for each construct were ICD2 (ecological protection), GSC3
(collaborative governance), and CR3 (livelihood security).

3. These results suggest that ecological sustainability, inclusive governance, and secure
livelihoods are the most critical elements for explaining maritime resilience in Indonesia’s
coastal community.

4.2 Path Coefficients and Hypothesis Testing

Path coefficients () in SEM-PLS represent the strength and direction of the relationship between
constructs. A higher B3 indicates a stronger effect, whereas the p-value indicates whether the effect is
statistically significant. In this study, all p-values were below 0.05, indicating that all proposed
hypotheses were supported.

Table 2. Structural Model Results and Hypothesis Testing

Hypotheses Structural Path Path Coefficient (f§) p-value Result

H, ICD — GSC 0.52 <0.001 Supported
H, GSC —» CR 0.41 0.004 Supported
H; ICD — CR 0.29 0.021 Supported
H, ICD — GSC — CR 0.21 0.008 Supported

Structural Model:

- R*=0.68 for Community Resilience (strong explanatory power).
Model Fit:

- SRMR = 0.063 (acceptable).
- Predictive relevance (Q? > 0).

The structural model results indicate that all the proposed hypotheses are supported. Integrated Coastal
Defense significantly influenced Governance and Social Capital (B = 0.52, p < 0.001), which, in turn,
had a significant positive effect on Community Resilience ( = 0.41, p = 0.004). Integrated Coastal
Defense also had a direct influence on Community Resilience (B = 0.29, p = 0.021). Furthermore,
mediation analysis confirmed that Governance and Social Capital partially mediated the relationship
between Integrated Coastal Defense and Community Resilience (B = 0.21, p = 0.008). The structural
model shows strong explanatory power with an R? value of 0.68 for Community Resilience, indicating
that 68% of the variance in resilience is explained by Integrated Coastal Defense and Governance and
Social Capital. The model fit index also showed acceptable results, with an SRMR of 0.063, indicating
a good fit between the proposed model and the observed data.

0.29

ICD
Integrated
Coastal Defense

CR
Community
Resilience

GSC
Governance and
Social Capital

Figure 2. Path coefficients value
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ICD — GSC (B =0.52, p <0.001, Supported)

1. This path indicates a strong and highly significant effect of Integrated Coastal Defense (ICD)
on Governance and Social Capital (GSC).

2. The P value of 0.52 suggests that well-developed coastal defense strategies (infrastructure
readiness, ecological protection, and defense coordination) substantially improve governance
quality and social cohesion.

3. This means that physical and ecological defense strategies do not work in isolation; they
stimulate collaboration, trust, and participation among communities, governments, and naval
institutions.

4. The very low p-value (<0.001) confirms that this relationship is robust and not due to random
variation.

GSC — CR (B =0.41, p = 0.004, Supported)

1. This shows that Governance and Social Capital have a significant positive effect on Community
Resilience (CR).

2. The B value of 0.41 indicates a moderate but important effect: the stronger the governance
structures and social capital (participation, trust, collaboration), the more resilient communities
become in terms of adaptation, recovery, and livelihood security.

3. Inother words, community resilience is not only about external defense measures but also about
how well communities organize themselves socially and institutionally.

ICD — CR (=0.29, p=0.021, Supported)

1. This direct path shows that Integrated Coastal Defense also has a significant positive effect on
Community Resilience, even without considering governance as a mediator.

2. The B value of 0.29 suggests a moderate, direct effect. Infrastructure and ecological defenses
directly help communities adapt to and recover from threats such as storms, IUU fishing, and
security challenges.

3. However, the effect is smaller than that of the mediated pathway (ICD — GSC — CR), showing
that defense strategies are more effective when combined with governance mechanisms.

ICD — GSC — CR (B=0.21, p=0.008, Supported)
1. This represents the indirect effect (mediation) of ICD on CR via the GSC.
2. The B value of 0.21 indicates that part of ICD’s impact on community resilience is channelled
through improved governance and stronger social capital.
3. The significant p-value (0.008) indicates that this mediation effect is statistically supported.
4. Importantly, this highlights the mechanism of resilience: physical and ecological defence
strategies improve governance and collaboration, which in turn enhances resilience outcomes.

From a strategic management perspective, the B value of 0.52 (ICD — GSC) indicates that coastal
defense investment acts as an institutional catalyst rather than a purely physical intervention. This
suggests that infrastructure development triggers governance improvements, including coordination
and trust building. Meanwhile, the p value of 0.41 (GSC — CR) confirms that resilience is largely
socially constructed, reinforcing the argument that governance quality determines the effectiveness of
physical defense systems.

Key Insights from Table 2. Path Coefficients and Hypothesis Testing, all four hypotheses are supported,
confirming the robustness of the conceptual framework, the strongest direct relationship is between ICD
and GSC (B = 0.52), showing that coastal defense strongly drives governance improvements, the
indirect effect (ICD — GSC — CR, B = 0.21) highlights the importance of governance as a mediating
factor that amplifies the impact of defense strategies, these results validate the argument that community
resilience is multidimensional, requiring both physical defenses and strong governance-social
foundations.

The structural model demonstrated strong explanatory power, with an R? value of 0.68 for Community
Resilience (CR). This indicates that 68% of the variance in community resilience is explained jointly
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by Integrated Coastal Defense (ICD) and Governance and Social Capital (GSC). In the context of social
and policy-oriented research, an R? value above 0.50 is generally considered substantial (Hair et al.,
2019), suggesting that the proposed model provides a meaningful predictive capability. Practically, this
implies that improvements in coastal defense strategies and governance mechanisms can account for a
significant proportion of the resilience outcomes in coastal communities. Therefore, the model is not
only statistically robust but also practically relevant to policy formulation.

In addition to R?, the effect size (f?) values were assessed to determine the individual contribution of
each exogenous construct to the endogenous variables. The effect of ICD on GSC yielded a medium-
to-large effect size (f* = 0.37), indicating that coastal defense strategies substantially strengthen
governance and social capital. The effect of GSC on CR showed a medium effect size (f* = 0.22),
suggesting that governance and social cohesion meaningfully enhance resilience outcomes. Meanwhile,
the direct effect of ICD on CR demonstrated a small-to-medium effect size (f> = 0.12), indicating that
although infrastructure contributes directly to resilience, its influence is more significant when mediated
through governance mechanisms.

From a practical standpoint, these f> values reinforce the importance of an integrated policy design.
While infrastructure investments alone yield measurable benefits, their greatest impact occurs when
they foster governance quality and social capital simultaneously. The combined interpretation of R and
2 therefore confirms that the model not only explains a substantial proportion of resilience variance but
also identifies the pathways that generate the most practically significant effects. This provides
actionable guidance for policymakers: prioritizing coordinated governance and community
engagement, alongside physical defense development, will produce stronger and more sustainable
resilience outcomes.

4.3 Discussion

The results of this study provide strong empirical support for the proposed integrated framework linking
Integrated Coastal Defense (ICD), Governance and Social Capital (GSC), and Community Resilience
(CR). Overall, the structural model explains 68% of the variance in community resilience (R? = 0.68),
indicating that the combination of physical/ ecological defense measures and social-institutional factors
offers considerable explanatory power for maritime resilience in the sampled Indonesian coastal areas.
Below, I discuss the findings in relation to each research question and the corresponding hypotheses,
draw theoretical and policy implications, and identify limitations and avenues for future research (Adi,
Aritonang, Bahri, Aswirawan, & Putri, 2025).

4.3.1 RQ;: To what extent do integrate coastal defense strategies influence community resilience?
Empirical finding

The direct path ICD — CR was positive and statistically significant (§ = 0.29, p = 0.021). In addition,
ICD had a substantial indirect effect on CR through GSC (indirect § = 0.21, p = 0.008). Therefore, the
total effect of ICD on CR was the sum of the direct and indirect effects: 0.29 (direct) + 0.21 (indirect)
= (.50 (total effect). A total effect of 0.50 indicates that integrated coastal defense strategies (both hard
and soft measures) exert a large and practically meaningful influence on the resilience of the
community. The direct effect ( = 0.29) shows that infrastructure readiness and ecological protection
have an independent capacity to reduce vulnerability and speed up recovery (e.g., seawalls, mangroves,
and surveillance). The sizable indirect pathway (§ = 0.21) demonstrates that part of the ICD benefit
operates by strengthening governance arrangements and social capital, suggesting that defense
investments are more effective when they create or support institutional coordination and community
engagement. This result aligns with the ecosystem-based coastal defense literature that emphasizes the
co-benefits of combining structural and nature-based measures (Temmerman et al., 2013; Spalding et
al., 2014).

4.3.2 RQ>: What Role do Governance and Social Capital Play in Mediating This Relationship?
Empirical Finding

ICD — GSC (p = 0.52, p < 0.001) and GSC — CR (B = 0.41, p = 0.004) were both statistically
significant. The mediation analysis (ICD — GSC — CR) yielded = 0.21 (p = 0.008), indicating a
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significant indirect effect of ICD on CR. Because the direct effect ICD — CR remained significant even
after including the GSC, the pattern was best characterized as partial mediation. Interpretation
Governance and social capital function as critical organizational mechanisms through which physical
and ecological defense strategies are translated into sustainable community resilience. The strong ICD
— GSC path (p = 0.52) suggests that investments in coastal defense tend to catalyze institutional
coordination, partnerships, and trust—whether through joint surveillance systems, co-managed
restoration projects, or multi-stakeholder planning. In turn, stronger GSC ( = 0.41 — CR) improves
adaptive capacity, information sharing, and community-led recovery, which are essential for resilience.
Practically, this implies that ICD projects that do not explicitly incorporate governance-building and
community participation will forgo important resilience gains.

From a resource management perspective, the significant relationship between governance, social
capital, and community resilience highlights the importance of management capacity and stakeholder
engagement in resilience building processes. Effective governance requires not only institutional
frameworks but also competent human resources capable of facilitating coordination, communication
and collaborative decision-making. In coastal governance systems, government officers, naval
personnel, and community leaders function as key actors whose management and participatory practices
influence the effectiveness of integrated coastal defense strategies. When organizations promote
employee engagement, knowledge sharing, and inclusive participation, they strengthen the institutional
capacity needed to translate policy initiatives into practical resilience outcomes. Therefore, governance
and social capital can be interpreted as critical organizational capabilities that enhance the effectiveness
of human resource coordination across government and community institutions.

4.3.3 RQO3: How can SEM-PLS Provide Empirical Evidence for the Multidimensional Nature of
Maritime Resilience?

The measurement model produced high outer loadings (> 0.79) and acceptable reliability/validity, and
the structural model yielded meaningful path coefficients with significance established via
bootstrapping (5,000 re-samples). The model’s R* = 0.68 for CR, shows strong explanatory power for
a social-ecological construct.

Interpretation SEM-PLS is particularly well suited for this study for three reasons: (1) it allows the
simultaneous estimation of measurement and structural components for latent socio-ecological
constructs; (2) it accommodates composite/multi-indicator constructs (ICD, GSC, CR) and focuses on
prediction and explanation; and (3) bootstrapping provides robust significance tests for direct and
indirect (mediated) effects (Hair et al., 2019). In short, SEM-PLS offers a coherent, empirical way to
operationalize and test the multidimensionality of maritime resilience, bringing the physical, social, and
governance dimensions into a single quantitative framework.

4.3.4 Hypotheses Evaluation (H;—H)

H;: ICD — GSC (f =0.52, p <0.001)
The results indicate a strong causal link between integrated coastal defense measures and
governance and social capital. This suggests that ICD investments often produce
institutional coordination and community engagement (e.g., co-management arrangements
and joint patrols), consistent with adaptive governance theory (Gu et al., 2023).

H>: GSC — CR (B=0.41, p=0.004)
Governance mechanisms and social capital significantly contribute to resilience. This
reinforces the view that trust, participation, and collaboration are not peripheral; they are
central drivers enabling communities to adapt and recover.

H;: ICD — CR (p=0.29, p=0.021)
Physical and ecological defence measures exert a direct positive effect on resilience. While
important, the magnitude is smaller than the ICD — GSC path, underscoring that
infrastructure works best when combined with social and institutional measures.

H,: ICD — GSC — CR (indirect = 0.21, p = 0.008)
The mediation is statistically meaningful: a sizable portion of the ICD’s effect on CR is
channeled through governance and social capital. Given that the direct effect remains
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significant, the ICD’s influence operates by changing institutional/social conditions and by
providing immediate physical protection.

From a management perspective, the findings of this study demonstrate that community resilience can
be interpreted as an outcome of organizational performance within coastal governance system. The
significant relationships between integrated coastal defense, governance, and resilience indicate that the
effectiveness of coastal defense strategies depends not only on physical infrastructure but also on how
well organizations manage resources, coordinate with stakeholders, and implement policies. Thus,
governance and social capital function as critical mechanisms that translate strategic resources into
measurable performance outcomes.

The results also highlight the importance of policy management in public sector organizations involved
in coastal defence. Effective policy implementation requires alignment between strategic planning,
resource allocation and stakeholder engagement. The strong effect of governance and social capital on
community resilience suggests that institutions with higher levels of coordination, trust, and
participation are better able to deliver effective policy outcomes. Therefore, coastal defense policies
should be designed not only as infrastructure programs but also as integrated management systems that
emphasize collaboration, accountability, and governance.

From a managerial perspective, these findings have several important implications. First, policymakers
and coastal managers should prioritize developing organizational capabilities, including leadership,
coordination mechanisms, and stakeholder engagement strategies. Second, investments in coastal
infrastructure should be complemented by management capacity building to ensure the effective
utilization of resources. Third, strengthening social capital through community participation and trust-
building initiatives can significantly enhance the effectiveness of coastal defense programs in the long
term. These managerial actions are essential for maximizing the impact of integrated coastal defense on
long-term resilience outcomes.

These findings reinforce the strategic management argument that sustainable performance is achieved
through aligning resources and capabilities. In the context of coastal defense, infrastructure alone is
insufficient to produce optimal outcomes unless supported by strong governance systems and
organizational capabilities. This highlights the need for a shift from a purely infrastructure-based
approach to a more integrated, management-oriented framework that combines strategic resources,
organizational capabilities, and performance evaluation.

4.3.5 Theoretical Implications

Integration of defense and resilience literature. The findings empirically bridge engineering/ecosystem-
based coastal defense and social resilience literature, showing that these domains should be treated as
interdependent rather than separate research programs (Temmerman et al., 2013). Governance as a
mechanism of resilience. The partial mediation demonstrates that governance and social capital are not
mere correlates but active mechanisms that amplify the effectiveness of ICD, advancing the theory of
adaptive governance and polycentricity. Operationalizing resilience: By successfully measuring ICD,
GSC, and CR as latent constructs with high convergent validity, this study offers an operational template
for future quantitative resilience research using the SEM-PLS method.

4.3.6 Practical Strategies and Policy Implications

In addition to infrastructure and ecological interventions, strengthening human resource capacity is
essential for the successful implementation of integrated coastal defense strategies in China.
Governments should invest in management development programs, capacity-building initiatives for
local officials, and community training programs that enhance collaboration between government
institutions and coastal communities. By developing management competencies and fostering
participatory organizational cultures, coastal management institutions can improve coordination, trust,
and collective action among all stakeholders. Such human resource strategies ensure that coastal defense
policies are technically sound, socially sustainable, and institutionally supported.
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Design ICD projects with governance-building components. Coastal defense programs (hard and green)
should include formal mechanisms for community participation, joint monitoring, and maintenance
agreements to realize the full resilience benefits. Prioritize nature-based interventions in addition to
engineered solutions. Given the high loading of ecological protection on ICD in the measurement
results, policymakers should invest in mangrove restoration and living shorelines as cost-effective,
multi-benefit strategies.

Investing in social capital and livelihoods. Programs that strengthen trust, collaborative governance,
and livelihood security (e.g., alternative livelihood training and microfinance) will increase the
community-level return on ICD investments. ICD as an entry point for institutional reform. Given ICD’s
strong effect on GSC, defence and infrastructure investments can be strategically used to catalyze cross-
agency coordination (navy, local government, resource agencies) and community co-management.

Together, these findings show that integrated coastal defense is necessary but not sufficient on its own;
it achieves its greatest impact on community resilience when explicitly linked to governance reforms
and investments in social capital. For maritime nations such as Indonesia, the evidence supports a policy
pivot from siloed infrastructure programs toward integrated, participatory coastal resilience strategies
that combine engineering, ecology, and institutional strengthening.

5. Conclusion

5.1 Conclusion

The findings of this study confirm that integrated coastal defense significantly enhances community
resilience, both directly and indirectly. Governance and social capital function as critical mediating
mechanisms, demonstrating that infrastructure alone is insufficient without effective management,
institutional coordination, and community participation. By empirically validating these relationships
through a Structural Equation Modeling approach, this study contributes to the literature by integrating
physical defense systems with the social and organizational dimensions of resilience. The results
highlight that resilience in coastal and maritime contexts emerges from the dynamic interaction between
infrastructure development, ecological protection, governance structures and collaborative human
resource engagement.

From a resource management perspective, the findings underscore the importance of management
capacity, stakeholder coordination, and participatory governance in implementing integrated coastal-
defense strategies. Government agencies, naval institutions, and local organizations require competent
human resources capable of facilitating communication, collaboration, and collective decision-making
across their institutional boundaries. Therefore, strengthening management competencies and
organizational coordination can enhance the effectiveness of coastal defense programs and ensure that
infrastructure investments translate into sustainable resilience outcomes.

In practical terms, policymakers should design coastal defense strategies that integrate infrastructure
development, human resource capacity building and community engagement. Management training for
coastal governance institutions, collaborative planning mechanisms between naval authorities and local
communities, and community-based resilience programs can strengthen institutional trust and
participation in the Philippines. For example, coordinated patrol programs involving naval personnel
and local fishing communities in the Natuna region can enhance maritime security while fostering
community engagement in the region. Similarly, capacity-building programs for coastal officials and
community leaders in the Malacca Strait and Sulawesi Sea regions can improve disaster preparedness,
knowledge sharing, and adaptive responses to maritime threats.

Overall, this study demonstrates that integrated coastal defense is most effective when physical
protection measures are supported by strong governance systems and competent human resources. By
aligning infrastructure development with management capacity, institutional coordination, and
community participation, Indonesia and other archipelagic states can develop more resilient and
sustainable coastal management systems.
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5.2 Research Limitations

This study has several limitations that should be acknowledged. First, the cross-sectional research
design captured respondents’ perceptions at a single point in time. Although the structural model allows
for the examination of directional relationships among constructs, causal inferences remain limited and
would be strengthened through longitudinal or panel data designs that observe changes over time.
Second, the study relied on self-reported measures, which may have introduced common method bias
and perceptual subjectivity. While the use of SEM-PLS and bootstrapping enhances statistical
robustness, future research would benefit from integrating objective indicators, such as remote-sensing
data on mangrove coverage, documented maritime incident records, or verified economic performance
metrics, to triangulate survey findings. Third, the geographic scope of the sample was confined to three
strategic Indonesian maritime zones. Although these areas are highly relevant, caution should be
exercised when generalizing the findings beyond comparable archipelagic and tropical contexts to other
regions. Finally, the model does not explicitly incorporate certain potentially influential external
variables such as shifts in national maritime policy, variations in external funding, or transboundary
geopolitical tensions. Including these factors in expanded models may provide a more comprehensive
understanding of the multidimensional drivers of maritime resilience in the future.

5.3 Suggestions and Directions for Future Research

Although this study provides important insights into the relationship between integrated coastal defense
and community resilience, several directions for future research can further strengthen this field. First,
longitudinal or quasi-experimental designs are recommended to examine how investments in Integrated
Coastal Defense (ICD) influence Governance and Social Capital (GSC) and Community Resilience
(CR) over time. Such approaches would enhance causal interpretation and provide a clearer
understanding of the long-term sustainability of the resilience strategies.

Second, future studies should adopt mixed-methods approaches by combining SEM-PLS with
qualitative case studies or in-depth interviews. While quantitative analysis identifies structural
relationships among variables, qualitative inquiry can help explain how trust-building, collaboration,
and adaptive practices develop in real-world coastal settings.

Third, comparative research across ASEAN countries or the wider Indo-Pacific region would help
assess the robustness of the proposed framework in different institutional and sociopolitical contexts.
Finally, incorporating objective environmental and security indicators, such as satellite data or official
maritime incident records, would improve data triangulation and strengthen the overall validity of
resilience assessments.
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