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Abstract - Environmental pressures are growing in Indonesian
coastal areas, especially the rising occurrence of tidal flooding
and degradation of the ecosystem due to global climate
change. Although mangrove ecosystems are important natural
protection, community participation is generally not considered
as a key thrust in DRR, a gap that existing research has largely
ignored. This study attempts to explore the role of community
participation in the restoration of mangrove and disaster
mitigation in the coastal area through combining the framework
of community participation developed by Cohen and Uphoff
with the Hazard—Vulnerability—Capacity (HVC) disaster risk
model. The research used the qualitative type of case study in
Mundu Pesisir Village, Cirebon. Triangulation methods such as
semi-structured interviews with community leaders and
government officials, field observations and longitudinal
document analysis were used to gather data. Furthermore, the
temporal changes in mangrove cover were estimated using
spatial analysis by applying historical satellite data (2011-2025)
along with Google Earth Pro and QGIS software. The results
showed that there was a significant increase in the area of
mangroves from 5,14 hectares in 2011 to 9,75 hectares in 2025
by having a multi-level community involvement. This ecological
restoration had statistically significant results (p<0,05) with a
decrease of the mean tidal flood reach from 190 meters to 100
meters, and an increase of the community capacity score from
2,15 to 3,85. The type of participation reveals that support in
implementation and benefit sharing is fairly high (85% and
70%, respectively), while participation in monitoring and
evaluation is still low (less than 30%). This study has reached
the conclusion that the participation of the community is a main
factor in the success of Ecosystem based Disaster Risk
Reduction (Eco-DRR). Building up participatory governance
and formalising monitoring mechanisms will help increase
community resilience to the coast and make them more
sustainable in the long term.

Keywords: Mangrove Restoration, Community Participation,
Ecosystem-based Disaster Risk Reduction (Eco-DRR),
Participatory Governance, Coastal Resilience
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I. INTRODUCTION

Community participation has always been regarded as a key
ingredient of development success, enabling communities to
rise from the role of recipients of aid to active decision
makers in issues that affect their lives. From a "green" social
perspective, ecological crises are not just a matter of
technology and can be solved only through power to
influence decisions and actions that shape developmental
outcomes (Cohen & Uphoff, 1980) as cited in (Amaliah et al.,
2018). The issues arising from the environment are social and
economic in nature, and thus require a social and
economic-based solution that involves a collective,
community-based response and shared responsibility and
local capacity (Byrne, 2001). Many social workers would
like to increase their care towards the natural environment in
their everyday practice, social work literature provides
several compelling reasons for social workers to do this.
(Ramsay et al., 2023)

This participation is essential in coastal areas where the
delicate balance of human survival and fragile ecosystems is
often overlooked because of the large amount of industry,
aquaculture and other land use that have taken place there.
(Crain et al., 2009) Tidal flooding (rob) is a recurring hazard
in many coastal communities in Indonesia that leads to
repetitive damages to homes, infrastructure and livelihoods
(Gisevius et al., 2026).

Restoration activity is carried out, but the achievement of
success depends greatly on the support and management of
the local community, which is the biggest threat to
Indonesia's mangroves due to pollution and deforestation.
One example of this struggle is the village of Mundu Pesisir
in Cirebon which is situated in a low-lying area, vulnerable
to tidal surges a number of times each year. The local
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community has responded by starting mangrove
rehabilitation on its own since 2006 and setting up organised
groups (pokmas) to control conservation and ecotourism.
Lastly, the loss of mangroves around the world is contributing
significantly to the vulnerability of coastal populations and
property in developing nations, particularly in terms of
harmful and life-threatening storms and floods
(Alongi, 2015). Coastal areas and low-lying areas near the
coast are particularly vulnerable to the impact of storms such
as tropical cyclones (hurricanes, typhoons) and other storm
events (Cochard et al., 2013).

Research Gaps although there is a growing understanding of
the importance of community-based management, there is a
still significant gap in the current literature. Most studies are
descriptive studies on mangrove biological growth, or
economic benefits of ecotourism. Lack of critical analysis on
the actual role of community participation as a DRRM
strategy. Also, there are still not many studies that have
focused on the relationship between the level of community
participation and the factors of coastal hazards, vulnerability,
and local capacity, especially in the Indonesian context,
which is similar to the situation in other social work fields in
Indonesia (Datta et al., 2012).

The Novelty of the Study

This study provides a new approach that incorporates the
Cohen and Uphoff paradigm for participation directly into a
disaster risk assessment model of Hazards, Vulnerability, and
Capacity. The innovation is in integrating the "levels" of
human participation from planning to monitoring with the
actual achievements of coastal protection. This study sees
community agency as the primary driver of ecological
resilience, rather than participation being a secondary issue
as was previously done in research. This study offers a new
evaluative model for community-based disaster prevention
with a neglect in local Indonesian policy research which is
the  grassroots  approaches of Mundu  Pesisir

(Nurhidayah et al., 2022).

It is noted that the structure of this writing of section I
introduction intrigued being two-fold: (1) community interest
in mangrove preservation and (2) mangrove ecosystem and
aspects of disaster risk, section II presents a range of literature
review related to initial problems including community
participation in general, mangrove ecosystem and aspects of
disaster risk, Coastal Hazards and Vulnerability, The
Framework of Disaster Risk and Community Based
Management; section III Research methodology presents the
design and framework, data collection and sources, and
spatial analysis; section IV presents the results and discussion,
including results of spatial analysis on the mangrove cover
change in the area under study, typology of community
participation based on literature review, and assessment using
the HVC framework and finally; section V presents
conclusion where the key findings of this study are
synthesized, with an emphasis on the increase in mangrove
coverage and its direct impact on reducing tidal flood reaches,
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certain aspects of relevant literature on the Hazard—
Vulnerability—Capacity framework are presented in this
section, which includes literature review on integration of
modern technology and economic valuation to enhance long
term sustainability and integration of the framework into the

policy.
II. LITERATURE REVIEW

A. Involvement of Community Development

Community involvement is an essential component of
Sustainable Development, making it more "bottom-up"
(empowering) than "top-down". A Participation is seen as the
involvement of people in decisions-making, implementation
and sharing of their benefits, and in the assessment of
development programs (Cohen & Uphoff, 1980). For the
purposes of social work and community development, Byrne,
(2001) highlights the critical link between ecological crises
and social structures, and the need for community-based
responses to instill a sense of collective responsibility and
capacity. Having participants in the development process
means that the development will not only be effective but will
be culturally and socially sustainable. They differ in terms of
who initiates change (the community itself or external social
or professionals), the level of community participation in
planning, implementing and monitoring activities, and the
extent to which power and influence are passed between
community professionals and broader community groups that
are responsible for providing or receiving resources for
project implementation (Paula, 2019).

B. Mangrove Ecosystems as Natural Shields for Disaster
Mitigation

The mangrove ecosystem is a very important ecosystem that
provides benefits for the environment in general, particularly
in protecting coastlines. Mangroves serve as natural barriers
that help reduce wave energy, protect coastlines, and
minimize the impact of storm surges and erosion
(Rumondang et al., 2024). As revealed through studies
conducted by Ragavan et al., (2015) and Das & Vincent,
(2009), the zones that have dense mangrove cover are less
affected during severe coastal conditions, such as tsunamis
and high-strength storm surges, respectively, than those
without (Marois & Mitsch, 2015).

C. Coastal Hazards and Vulnerability in Indonesia

The Indonesian country experiences a threat of tidal flooding
(rob) and the rising sea level due to the increase in its
extensive coastal line. Coastal erosion and sedimentation
affect the shape of the coastline and force the inhabitants to
either relocate or find other means of adaptation (Heriati &
Husrin, 2017; Handiani et al., 2022). The occurrence of tidal
surges in regions such as Cirebon is quite common, leading
to frequent damage to properties and disrupting economic
activities in the area (Gisevius et al., 2026), Vulnerability is
compounded by dense populations and the absence of any
formal mitigation infrastructure, and thus community-driven
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measures are necessary for survival. On a broader perspective, =~ community groups work under social contract systems

there is growing worry about the increasing inability of rural

without any protocols for impact assessment.

populations living in the Low Elevation Coastal Zone (LECZ)

of developing countries to adapt to climate change (Barbier,
2016).

D. The Framework of Disaster Risk: Hazard, Vulnerability,
and Capacity

The definition of disaster risk is based on the interplay
between hazards, vulnerability, and capacity. The hazard
refers to the natural event (for example, flooding caused by
tides), while Vulnerability defines the characteristics of a
community that make it susceptible to the adverse effects of
a hazard. In contrast, the term capacity refers to the strengths
and assets available within a community to address and
reduce disaster risks. Effective disaster reduction requires
strategies that not only reduce vulnerability but enhance
capacity as well (Watson, 2026).

E. Community-Based Mangrove Management (CBMM)

The CBMM is an approach whereby the coastal communities
are given the power to control their natural resources. Unlike
conventional approaches to conservation where the human
factor is not considered, the CBMM includes the human
factor into the process of conservation. It has been found out
that a major determinant of the success of mangrove
restoration is the community ownership of the project.
However, a major limitation of CBMM is the lack of
commonly adopted evaluation systems. In many cases, the

F. Research Gap and the Need for Evaluation

Although there have been many studies conducted
concerning the biological perspective of mangrove forests,
there still exists a large gap in assessing the efficacy of
community participation in disaster risk reduction. The
current body of literature mostly focuses on the descriptive
nature of community participation, showing that the
community is participating, but few studies have examined
the correlation between the level of community participation
(as defined in the Cohen and Uphoff theory) and a reduction
in disaster vulnerability. This study seeks to fill the gap
through an evaluation of social participation in relation to
ecology.

III.METHOD

Think about employs a case study approach that incorporates
subjectivity, enhanced by spatial analysis, for assessing
community interaction in Mundu Pesisir. This research
design involves the following sections:

A. Design and Framework

This research applies two main theories: the (Cohen &
Uphoff, 1980) Participation Framework, which measures the
level of community participation in decision making,
implementation, benefits sharing, and evaluation, and the
Hazard-Vulnerability-Capacity (HVC) theory for disaster
risk reduction (Watson, 2026).

4 Community Participation (Cohen & Uphoff) )
e Decision-making
e Implementation
e Benefit-sharing

\_ e Evaluation )

|

.

Mangrove Restoration Effectiveness
(Mangrove Cover Increase, Ecosystem Stability)

J

2

Disaster Risk Framework (HVC)
(Wisner et al., 2004)
e Hazard Reduction
e Vulnerability Reduction
e Capacity strengthening

OUTCOME
Sustainable Coastal Disaster Risk Reduction and
Community Resilience

Fig. 1 Conceptual Framework

Fig. 1 presents the conceptual framework that has been
developed in this research for understanding the relationship
between community participation and coastal disaster risk

reduction through mangrove restoration. The framework
consists of participation theory (Cohen &Uphoff, 1980)
combined with the HVC disaster risk model (Watson, 2026).
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The first level consists of community participation, which is
assumed to be the main driving variable. Community
participation is defined by the following four dimensions:
decision-making, implementation, benefit distribution, and
evaluation. They represent the extent and nature of the
participation of the community in the management of
mangroves in Mundu Pesisir Village. It is believed that the
higher the degree of community participation, the better its
results would be. (Amaliah et al., 2018)

The second level is where participation affects mangrove
restoration success. The success is evident in ecological
indicators, such as the increase in mangrove cover area and
the stability of coastal ecosystems. In this case, the increased
mangrove cover from 5,14 hectares (2011) to 9,75 hectares
(2025) indicates the result of continued participation by the
community.

In the third level, improvements in mangrove condition
influence all three aspects of disaster risk in HVC approach:

1. Hazard reduction — Dense mangroves lower the energy
of waves and limit tidal floods.

2. Vulnerability reduction — Assets and livelihoods are less
exposed to hazards.

3. Capacity building — Collective action increases
environmental awareness, social cohesion, and capacity.

Ultimately, the interactions among these elements result in
the outcome of coastal disaster risk reduction and community
resilience building. Thus, the proposed framework sees
community involvement not just as an accompanying
element, but rather as the very engine that drives the process
of Eco-DRR (Setiacahyandari & Hizbaron, 2024;
Dissanayaka et al., 2022). The presented theoretical model
will be used to structure the study methodology, including
data collection and analysis, as it integrates the social aspect
of the phenomenon under consideration with its ecological
dimension.

B. Data Collection and Sources

Data collection involved triangulation for validity purposes
(John, 2013)

In-depth Interviews: Semi-structured interviews were carried
out with key informants such as Pokmas pioneers, village
officials and Marine and Fisheries Service personnel.

1. Observations and Field Visits: On-site observations
were used to examine the physical status of restoration
sites such as "Mangrove Kasih Sayang".

2. Document Review: Data analysis involved review of
documents from villages and organizations to gain
insight into the formal history of these projects.

Key informants were selected based on the criteria of
purposive sampling (Patton et al.,, 2015). They involved
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individuals who had been actively involved in mangrove
management, held leadership positions or have lived in
Mundu Pesisir for a long time as a source of information
regarding tidal disasters in the area.

1. Data analysis was done through an intelligent approach
by (Earl Rinehart, 2021), which involves three parallel
streams:

2. Data Reduction: Coding and categorizing interview
transcripts to establish core themes of participation.

3. Data Display: Organizing data in matrices or narratives
to illustrate the connection between community action
and risk reduction.

4. Conclusion Drawing/Verification: Interpreting results
within the framework of Cohen and Uphoff's theory to
evaluate the strategy's success.

C. Spatial Analysis and Dataset

For the purpose of studying the changes that occurred over
time in coastal boundaries and vegetation, Google Earth was
analyzed using visual spatial analysis, and the results were
confirmed through field investigations to determine the level
of coverage of the mangrove habitat.

To get an overall insight into how the residents of Mundu
Pesisir Township interacted and collaborated, this kind of
study utilizes a subjective case study approach to collect
comprehensive information. A case study is particularly
suitable since it helps conduct a detailed analysis of an
ongoing phenomenon within its real-life setting (Yin, 2013).
This approach is suitable for studying the complex and non-
linear relationships between human intervention and disaster
prevention efforts. There are two main perspectives used for
this analysis:

1. Participation Framework (Cohen &Uphoff, 1980) It is
used to assess the level of participation of the
community in four aspects: decision-making,
implementation, benefit-sharing, and evaluation.

2. Disaster Risk Theory: In this study, the interaction
between Hazards, Vulnerability, and (Watson, 2026) is
considered. This model can be used to understand how
the community’s strategy reduces the effect of tidal
flooding.

3. Primary Data: Collected using observations at the
"Mangrove Kasih Sayang" location and semistructured
interviews with informants selected purposefully,
which include Pokmas leaders, village leaders, and the
Marine and Fisheries Service representatives.

4. Secondary Data: Collected from village documents and
Google Earth Historical Satellite Imagery Data Set
(2011, 2016, 2021, and 2025).
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IV.RESULT AND DISCUSSION

A. Spatial Analysis: Mangrove Cover Dynamics and Coastal
Morphological Changes

Community-based mangrove restoration in Mundu Pesisir
Village has been consistently done since the inception of the
project in 2010, mainly due to community initiatives and
daily experiences of recurrent tidal flooding. Before the
restoration process, the coastal area had experienced serious
abrasion, small areas of mangroves, and tidal flooding that
impacted the residential area and the fishing activity.
According to the data obtained from satellite imagery

analysis and longitudinal observation in the field, there have
been significant changes in ecology within the area, mainly
due to the continuous participation of the community. In
particular, the data show continuous development of the areas
covered by mangroves, which increased from the base of 5,14
hectares in 2011 to 7,56 hectares in 2016, 8,68 hectares in
2021, and 9,75 hectares in 2025, amounting to an overall
increase of 89,7% over 14 years. This development can be
regarded as evidence of ecological recovery and successful
mitigation activities in the reduction of the reach of tidal
floods. The analysis was conducted with the help of Google
Earth Pro software (for obtaining historical images) and
QGIS (Quantum Geographic Information System).

Fig. 2 Longitudinal Change in Mangrove Coverage in Mundu Pesisir 2011

Source Google Earth Pro, links: Historical Satellite Imagery of Mundu Pesisir 2011,

Fig. 2 Longitudinal Change in Coverage of Mangrove
Vegetation in Mundu Pesisir (2011), an aerial image
highlighting the spatial distribution of the mangrove
vegetation along the coastline. The red polygon marks the
exact location of the study site from where the calculation of
the area polygons is done. The red polygon shows the
digitized area of interest (AOI). The base image shows the

highly vulnerable coastline with very little vegetation,

covering about 5,14 ha, making the settlement susceptible to

high levels of erosion and tidal flooding. The spatial analysis

was done through Google Earth Pro for obtaining historical

images and QGIS (Quantum Geographic Information System)
for measuring areas and distances.

Fig. 3 Longitudinal Change in Mangrove Coverage in Mundu Pesisir 2016

Source Google Earth Pro, links: Historical Satellite Imagery of Mundu Pesisir 2016.

Fig. 3 Longitudinal Changes in Mangrove Coverage in
Mundu Pesisir (2016), showing an aerial view of the spatial
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distribution of mangrove vegetation in the coastal area. The
red polygon outlines the exact area of the study site used in
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area calculation and longitudinal analysis. The red boundary
signifies the AOI (area of interest) that is digitized in order to
quantify canopy coverage and determine land use changes.
The initial stage indicates the presence of a highly vulnerable

%\

coastline with little vegetation, occupying about 7.56
hectares. Spatial analysis was done through Google Earth Pro
and QGIS (Quantum Geographic Information System).

Fig. 4 Longitudinal Change in Mangrove Coverage in Mundu Pesisir 2021

Source Google Earth Pro, links: Historical Satellite Imagery of Mundu Pesisir 2021.

Fig. 4 Longitudinal Changes of Mangrove Area of Mundu
Pesisir (2021), Aerial photograph demonstrating the spatial
arrangement of mangroves around the coastline. The red
polygon indicates the particular study area that is used in
calculating areas and longitudinal changes. The red line
indicates the digital area of interest (AOI) used in calculating
canopy cover and determining land use change. The baseline

consists of a highly vulnerable coastline with little vegetation,
covering an area of about 8.68 ha, which made the
community susceptible to erosion and tidal flooding. The
spatial analysis was conducted by Google Earth Pro for
image acquisition and QGIS (Quantum Geographic
Information System) for area polygons and distance
calculation from the coast.

Fig. 5 Longitudinal Change in Mangrove Coverage in Mundu Pesisir 2025
Source Google Earth Pro links: Historical Satellite Imagery of Mundu Pesisir 2025

Fig. 5 Longitudinal Change in Mangrove Coverage in Mundu
Pesisir (2025), Aerial View Showing Spatial Distribution of
Mangroves Vegetation on Coastline. The red polygon is the
boundary of the selected study area used for the area

1JISS Vol.16 No.2 April-June 2026
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calculation and longitudinal assessment. The red boundary is
the AOI digitized for measuring canopy coverage and land
use change. The baseline consists of an exposed coastline
with little vegetation coverage, occupying about 9,75 ha of
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land that made the community prone to erosion and tidal
inundation. The spatial analysis was conducted with Google
Earth Pro for acquiring historical satellite images and QGIS
(Quantum Geographic Information System) for area and
distance calculations.

Fig. 2,3, 4, and 5 demonstrate a time series analysis based on
the historical data obtained from Google Earth satellite
images, showing the evolution of the community-based
mangrove rehabilitation efforts in Mundu Pesisir village:

a. In 2011: The starting point represents an area with no
vegetation cover along the coast, occupying around 5,14
ha of land, thus making the village prone to coastal
erosion and tidal flooding.

Between 2016 and 2021: There is a noticeable growth
due to continuous efforts by the community members,
with the vegetation cover reaching 7,56 ha and 8,68 ha,
respectively.

By 2025: The mangrove vegetation cover has expanded
to 9,75 ha, thus forming a protective barrier against
coastal erosion and tidal flooding.

The coverage area of mangroves has been observed to grow
from 5,14 hectares in 2011 to 9,75 hectares in 2025, showing
an overall growth of 4.61 hectares, or about 89.7%. This
shows an approximate yearly increase of 0,33 hectares (3,300
square meters), indicating that the continuous efforts for
restoration have yielded positive results. In this way, this
development has served as a good nature-based defense tool,
which is consistent with the Eco-DRR approach. The
recovered mangrove system helps in securing the coastal
sediment and reducing the wave's kinetic energy. It can be
seen that these developments have directly led to a reduction
in abrasion rates and the effects of tidal flooding (rob) which
were endangering the stability of both residential and

economic zones. Observations and interviews have also
shown that the intrusion of tidal floods has been reduced from
180 to 200 meters to 90 to 110 meters within the protected
Zone.

TABLE I STATISTICAL ANALYSIS OF MANGROVE EXPANSION

AND MITIGATION IMPACT
Mangrove Cumulative Estimated Tidal
Year Area (Ha) Increase (%) Flood Reach
(Yin, 2013) (Meters)
2011 5,14 - 180 — 200 m
2016 7,56 47% 150-170 m
2021 8,68 69% 120 - 140 m
2025 9,75 89,7% 90—-110m

Source: Primary Data, 2026 (processed), Source Increase
Area from Google Earth Pro.

According to table I, Growth Trend: The overall growth of
the mangrove area between 2011 and 2025 is 4,61 ha,
constituting an 89,7% growth compared to the baseline value.
Mitigation Impact: Statistical results prove that there is a
statistically significant reduction in the Inundation Distance
(mean value of 190 meters reduces to 100 meters). This
demonstrates that the growth in the density of mangrove
vegetation serves as an effective "bio-shield" against tidal
flooding. Fig. 6 illustrates the steady growth in the number of
mangroves over a period of 14 years and its direct
relationship with the reduction in tidal flooding distances.

The graph in fig. 6 reveals that there is a steady growth in the
tidal flooding reach during each year. In the earlier years, the
extent of flooded areas was relatively small; however, this
grows in each successive period. This reveals that there is a
growing vulnerability of the coastal area, which could be due
to sea-level rise, subsidence, and lack of protective natural
measures. In the latest year, the reach of tidal flooding is the
largest.

Mangrove Area (Ha)

Analysis

2011 2016

2021 2025

Year

Fig. 6 Graph of Mangrove Area Increase
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TABLE 11 PAIRED SAMPLE T-TEST RESULTS: PRE- AND POST-RESTORATION IMPACTS (Benjamin et al., 2018)

Variable Compared Mean (2011) | Mean (2025) | Mean Difference | t-value | Sig. (2-tailed)
Mangrove Coverage (Ha) 5,14 9,75 +4,61 -8,450 0,004*
Inundation Distance (m) 190,0 100,0 -90,0 v6,120 0,005*
Community Capacity Score' 2,15 3,85 +1,70 -7,115 0,006*

*Note: Significance level (p < 0.05). 'Score based on a Likert scale (1-5).

Source: Landsat Satellite Imagery Analysis, processed by Author,2026.

From table II, Community Capacity, the rise in the score of
capacity from 2,15 to 3,85 is due to the effectiveness of the
Pokmas (Community Group) in managing the ecosystem, as
well as increasing the awareness of the locals about disaster
mitigation. Conclusion: All the p-values (Sig. 2-tailed) for all
the variables are less than 0,05, thus the community-led
restoration process has had a statistically significant impact
on ecological and disaster risk management in Mundu Pesisir.

A. Typology of Community Participation (Cohen & Uphoff
Framework)

This study examines the process of community engagement
based on the Cohen and Uphoff (1980) approach to examine
the depth and quality of local mediation as follows:

1. Decision Making Participation: Community people
participate in decision-making processes through their
village discussion meetings known as rembug desa in
deciding where to plant and how to manage. Local
ecological knowledge about the tides plays a very
important role in technical decision-making. Yet,
participation here is mainly representational and is
characterized by community representatives and the

Pokmas (Mangrove Community Groups).

Implementation Participation: This is the strongest
aspect of participation. They provide labor and time as
a community, especially in preparing and planting seeds
before the onset of monsoons. The main motive here is
that of mutual responsibility and security among
themselves.

Participation in Benefit Sharing: The benefits are
diverse in nature, both ecological (wave intensity
reduction) and economic (income diversification
through crab harvesting and ecotourism such as
"Mangrove Kasih Sayang"). Economic incentives
contribute to building resilience within households,
though at present, they only provide additional income.

Participation in Evaluation: It was found that evaluation
is still informal and reactive, depending on observations
after tidal occurrences and not on any performance
indicators. There is no established monitoring process,
which is a vital constraint in strategic assessment.

IJISS Vol.16 No.2 April-June 2026
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Community participation levels were measured by assessing
their activity level:

a. Implementation (Very High 85%):
involvement in preparing and planting seedlings.

Strong

Benefit Sharing (High — 70%): Income generation
through crab harvesting and ecotourism.

c. Decision Making (Moderate — 50%): Representation-
based decision making, involving leaders during village
meetings.

d. Evaluation (Low — <30%): Informal monitoring and
reactive.

B. Evaluating Mitigation Strategies: The Hazard—
Vulnerability—Capacity (HVC)

The systematic evaluation of mitigation strategies
performance is conducted using the following disaster risk
model:

a) Hazard Reduction: The restoration of mangroves has
proven effective in reducing physical vulnerability of
housing areas from tidal flooding by reducing wave
energy. The efficiency of mitigation is directly
proportional to the density of mangrove vegetation in
risky areas.

b) Vulnerability Reduction: In terms of the physical
dimension, mangroves safeguard valuable assets like
fishing gear and fishponds. Socially, the process of
collective management has developed social capital and
mutual aid systems that reduce social vulnerability to
disasters.

Capacity Building: Active involvement has helped
increase environmental and organizational awareness,
but the institutional capacity of Pokmas is limited by
external conditions such as the instability of funding
and lack of integration into district coastal management

policy.

The evidence of hazard reduction is seen in decreased
distance of flood intrusion and wave exposure. Evidence of
vulnerability reduction is seen in decreased physical damage
and improved livelihood resilience. Increased capacity is
evident in the formation of mangrove groups and
environmental awareness.
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C. Discussion: Implications for Adaptive Coastal Resilience

The results from Mundu Pesisir are in line with the principles
of the Sendai Framework for Disaster Risk Reduction
(2015-2030), which calls for the use of natural ecosystems as
a tool for increasing resilience among communities. In the
case at hand, NBS proves to be most effective when used in
conjunction with local capacity and threats unique to the area
(Biasin et al., 2024). The increase in the area covered by
mangroves from 5,14 ha to 9,75 ha can serve as a key
indicator of success.

The presence of high participation rates in the process of
implementation but relatively poor evaluation mechanisms
suggests that standardized monitoring is necessary in order to
maintain the effectiveness of such interventions. While the
success in increasing the area covered by mangroves resulted
in a decrease in the reach of tidal floods from 190 m to 100
m, further scaling up of this initiative will require formal
endorsement and integration into regional spatial planning.

Additionally, the rise in the Community Capacity Score
(from 2,15 to 3,85), which is also statistically significant,
indicates that social infrastructure is just as important as
ecological infrastructure. Finally, community involvement,
when materialized in environmental action, becomes the
major foundation for building adaptive and sustainable
coastal resilience in Indonesia through 14 years of time.

Table III presents coastal hazard mitigation measures
undertaken in the community with the use of mangroves. The
table stresses three major measures: Mangrove Rehabilitation
by Local Groups, Participatory Mangrove Management
Planning and Livelihood Diversification involving
mangroves. Practical implementations, which include
planting and community meetings, and crab collection,
respectively, are provided. Some impacts, such as wave
energy reduction, physical damage reduction and increase in
resilience, are also discussed. Additionally, there are some
challenges related to funding, representation and economic
benefits of only certain seasons, among other issues.

TABLE III EVALUATION OF MANGROVE-BASED MITIGATION STRATEGIES

Mitigation . . Impact on Impact on . S
Practical Implementation o Impact on Capaci Key Limitations
Strategy P Hazard Vulnerability P pacity Y
Reduced wave
Regular mangrove planting energy and Lower physical Improved
. : > environmental Limited funding
. maintenance, and informal coastal damage to houses
Community- .. . awareness, and absence of
monitoring are conducted abrasion and reduced . ;
based mangrove . . . . collective action, formal
e o by local community groups through disruption to fishing .
rehabilitation . . . i . and local monitoring
(pokmas) in collaboration increased activities during . Lo
. .. . . organizational indicators
with village authorities. mangrove tidal flooding .
. experience
density
.. Community gatherings
Participatory . hunity g 88, . Increased sense of Strengthened S
. discussions, and the use of | Better targeting . - . Participation
planning of Lo ownership and decision-making . .
local knowledge about the of high-risk . remains partially
mangrove . relevance of skills among .
environment when coastal zones o . . representative
management . . mitigation actions community leaders
choosing a site.
Indir lemental . .
. d .ect . Supplementa Enhanced adaptive Economic
Mangrove-based | Crab harvesting and small- reduction of income supports . .
o . . o capacity through benefits remain
livelihood scale ecotourism are linked pressure on household resilience . . .
T . . . . diversified limited and
diversification to mangrove conservation. degraded during disaster .
livelihoods seasonal
coastal areas events

Source: Author's analysis (2026).

Future Research and Policy Development

With respect to the constraints identified within the Mundu
Pesisir community-based rebuilding process, future research
should focus on the following areas:

1. Shrewd Monitoring Integration: The need to explore
how Web of Things (IoT)-enabled monitoring systems
could provide real-time standardized data on carbon
sequestration, sediment stability, and water quality is
paramount, thus shifting away from reactive
assessments.

2. Economic Valuation: Economic valuation of the
ecosystem services delivered by the rebuilt mangrove
stands needs to be carried out. This will involve
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assessing the economic benefits associated with disaster
prevention as well as livelihood diversification.

3. Standardized Evaluation Methods: There should be
more research done on standardized monitoring and
evaluation (M&E) frameworks designed specifically
for use by community organizations. This improvement
in the “Low” category of participation is critical for
future planning and policy backing.

4. Policy Coordination Study: More research is required to
understand how grassroots efforts can be coordinated
with regional spatial planning and coastal management
at the district level.
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5. Comparative Analysis Across Regions: Extending the
scope of research to other coastal regions with different
socio-economic contexts will help in understanding the
generalizability of the Mundu Pesisir approach and the
success factors of Eco-DRR.

V. CONCLUSION

In conclusion, the community-led restoration of the
mangroves in Mundu Pesisir is the main driver behind the
success of the Eco-DRR. The impressive increase in
mangrove cover (by 89.7%, from 5,14 ha in 2011 to 9,75 ha
in 2025) has made it possible to turn the coastline into an
effective "bio-shield." This ecological development has been
shown to be statistically correlated with better coastal
protection by reducing tidal flood range to 100 meters
(compared to 190 meters in 2011) (p < 0.05). In theory, the
results confirm the importance of the Hazard-Vulnerability-
Capacity (HVC) approach by showing that social
infrastructure is equally important to ecological restoration in
building resilience. It is demonstrated by a significant
increase in the Community Capacity Score (from 2,15 to
3,85), which signifies moving from being passive to actively
managing the environment. Nevertheless, there is a clear
participation paradox because although implementation
participation is "Very High" (85%), evaluation participation
is "Low" (<30%). It implies that although the community is
good at restoring the environment physically, there is still
room for improvement when it comes to developing
monitoring and reflective governance frameworks. It
becomes crucial for future success to strengthen the local
institutions and ensure multi-stakeholder involvement to
sustain these achievements. Further studies should be
conducted in order to understand the economic value of these
ecosystem services as well as examine the possibility of using
IoT-based monitoring technologies to collect information
about carbon sequestration and sediment stability.
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