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Abstract

This study examines the impact of value-added fisheries agribusiness on
the socio-economic resilience of coastal households, integrating the
Blue Economy Model and Artificial Intelligence (Al). Using a mixed-
methods approach involving a Systematic Literature Review and
simulation data from Puger, East Java, the research applies Adaptive
Resilience Modeling to measure these impacts. Findings indicate that
combining sustainable resource management with post-harvest
agribusiness increases household income by approximately 23% and
doubles the proportion of "Highly Resilient" households from 10% to
23%. Conceptually, Al integration provides an additional 5-10%
efficiency gain through supply chain optimization and market
prediction. The results suggest that the synergy between sustainability
policies and Al acceleration is vital for transforming small-scale fisheries
into resilient agro-industrial sectors. Ultimately, this transformation
requires priority investment in digital literacy and innovative post-
harvest technologies to mitigate vulnerability against environmental
degradation and climate uncertainty, ensuring long-term socio-
economic stability for traditional fishing communities.

Keyword: Blue Economy, Artificial Intelligence, Agribusiness Value-
Added, Socio-Economic Resilience, Coastal Communities, Fisheries.

INTRODUCTION

The global push towards the Blue Economy (BE) represents a
transformative policy framework aimed at fostering sustainable

economic growth from ocean resources while preserving marine
ecosystems, aligning directly with Sustainable Development Goals
(SDGs) 2, 8, and 14 (Lefilef et al., 2025; World Bank, 2022). Coastal
communities (Perdana et al., 2025; Sungkawati & Uthman, 2024a),
particularly those in Southeast Asia (Abdellatif, 2023; Hamaguchi &
Thakur, 2024; Nagy & Nene, 2021), stand at the nexus of this
framework, as they are crucial for global food security and local
livelihood stability (FAO, 2023).

However, this sector operates under extreme stress, making the
effective implementation of the BE model paramount to achieving
long-term socio-economic viability (Abid & Abid, 2025; Croft et al.,
2024). The significance of this study lies in its examination of how
this high-level BE policy translates into concrete (Kyvelou et al.,
2023; Setiyowati et al., 2025; Sharma et al., 2025), measurable
improvements in the daily lives and long-term stability of small-
scale fishers (Althalet et al., 2021; Clemente et al., 2023; Esteva-
Burgos & Ruiz-Pérez, 2025), who often experience chronic
vulnerability (Jokhu et al., 2025; Uchenna et al., 2025). Examining
the synergy between environmental policy (Abbas et al., 2025;
Ovchynnykova et al., 2025), economic activity (Balestracci et al.,
2025; Robin et al., 2024), and technological advancement in these
crucial coastal zones is therefore a matter of global policy relevance
(Cziesielski et al., 2021; Nham & Ha, 2023), as it dictates the success
or failure of the sustainable ocean development agenda across
developing nations.
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Despite the ambitious goals of the Blue Economy, small-scale
fisheries worldwide face significant operational and structural
challenges that hinder their contribution to national resilience. The
primary problem stems from the combination of ecological shocks,
such as habitat degradation (Kusnandar et al., 2022) and climate
variability, with internal economic weaknesses, notably high post-
harvest losses and inefficient value chains. In many regions, the
lack of immediate processing capabilities results in low raw
material prices, creating a structural poverty trap. The challenge is
not merely one of production, but of translating sustainable catch
into stable, value-added income. The emerging necessity of
technological integration compounds this. While Al and digital
tools promise to optimize operations and market access, the digital
divide and lack of technical capacity in traditional fishing villages
present a formidable barrier to leveraging these modern
efficiencies (Rahmawati & Hendarto, 2024). Consequently, without
deliberate interventions that bridge the policy-technology gap, the
BE model risks becoming an empty promise for the most vulnerable

Research related to Blue Economy policy and integrated coastal
management has been extensively documented, with a focus
primarily on ecological and policy aspects. Kusnandar, Siregar, and
Lestari (2022) detailed integrated coastal management in East Java,
demonstrating its positive environmental impact; however, they
provided a limited in-depth analysis of the resulting economic uplift
beyond basic income measures. Rahmawati and Hendarto (2024)
explored adaptive BE strategies for small-scale fisheries in
Indonesia, critically examining necessary policy shifts but lacking
empirical verification of how technological accelerators could
optimize economic outcomes. Boonstra (2018) provided a critical
review of Blue Growth for capture fisheries, often concluding that
benefits rarely trickle down to small-scale fishers due to structural
issues. Endang Sungkawati and Jamal Umali (2024) focused on Blue
Carbon and Food Security, emphasizing the ecological components
of mangrove services, but omitting the subsequent technological
integration necessary for the economic value chain. Osman and Z.I.
(2025) linked the blue economy and renewable energy to CO2
emissions, highlighting technological solutions, yet their study
remained focused on environmental rather than social outcomes.
While these studies establish the necessity of the BE framework,
they collectively suffer from a common weakness: the failure to
empirically or conceptually model the operational mechanisms
required to convert policy compliance into enhanced economic
efficiency through modern technological means.

Building upon the established body of literature on BE, research
related to technological integration, particularly Al, and its role in
enhancing resilience has recently emerged. However, it has
primarily been conducted outside the context of coastal fisheries.
Studies focusing on supply chain management in large-scale
agriculture frequently demonstrate the power of Al and Machine
Learning in demand forecasting and logistics optimization, which
inherently promotes resilience by mitigating risks. However, this
domain often overlooks the unique challenges faced by small-scale
coastal agribusinesses, where data scarcity and limited technical
literacy are significant constraints. Lefilef, Roucham, Kerrouche,
and Belghaouti (2025) explored the nexus between the blue
economy and food security through a bibliometric analysis,
suggesting the potential for technology but stopping short of an
applied model for value-added impact. Research into the adoption
of financial technology (FinTech) in rural areas has also shown
promise in improving financial inclusion (World Bank, 2022), which
is crucial for resilience; however, it rarely directly connects to
operational efficiency gains in post-harvest processing. The
weakness in this body of literature is its generality; the predictive
power of Al models tailored for commodity trading or terrestrial

logistics does not directly translate to the fragmented, low-volume,
high-variability supply chains characterizing coastal processing
centers.

The existing body of literature, while affirming the importance of both
the Blue Economy and technology, reveals a significant Research GAP
in the empirical-conceptual nexus between the two. Specifically, no
comprehensive study has empirically evaluated the complementary
and synergistic impact of Al-driven operational efficiency within a
defined, policy-driven Blue Economy framework on the socio-
economic resilience of small-scale fishing communities. Previous
research either focuses exclusively on the ecological and policy
effectiveness of the BE model (Kusnandar et al., 2022), often
measuring success purely by environmental compliance or basic
income uplift, or it addresses the theoretical potential of technology
(Lefilef et al., 2025) without grounding it in the localized, value-added
activities specific to coastal agribusiness (i.e., fish processing). This
research gap necessitates a model that not only confirms the socio-
economic benefits of BE's value-added component (as suggested by
the baseline. .pm 23% income rise in the preliminary Puger data) but
also quantifies the additional efficiency, stability, and resilience that
can be achieved when operational bottlenecks are solved using Al
optimization and predictive analytics. The Novelty of this research lies
in its dual-mechanism modeling, providing the first integrated,
empirical-conceptual framework that treats Al not as an independent
variable but as a direct accelerator of the Blue Economy's economic
pillar. The study advances the discourse beyond the current policy-
ecology focus by demonstrating how Al can specifically target and
resolve the inherent operational inefficiencies and market
vulnerabilities that prevent smallholders from realizing the full
potential of value-added processing. By developing an applied model
that utilizes Al to inform sustainable resource management (e.g.,
predictive optimal harvest) and optimize the post-harvest value chain
(e.g., predictive demand and quality control), this research establishes
a crucial link between high-level sustainable development policy and
micro-level technological applications. Furthermore, the conceptual
framework will outline the necessary steps to bridge the current digital
gap, providing a practical, phased roadmap for policymakers seeking
to transform coastal livelihoods into high-resilience, high-value
enterprises.

This research employs a robust Theoretical Framework anchored by
the Theory of Adaptive Capacity and Resilience (Carpenter et al.,
2001), which serves as the guiding theory for assessing outcomes. This
theory is essential because it moves the evaluation beyond mere
income measurement to the dynamic capacity of the coastal
community system to absorb shocks (like climate change or market
volatility) and reorganize effectively. This is structurally integrated
with Value Chain Analysis (Porter, 1985), which provides the analytical
mechanism to dissect the agribusiness process, identify critical nodes
for value addition (e.g., processing and marketing), and pinpoint
where Al intervention (as a technological leverage point) can generate
the maximum increase in efficiency and quality control. This unique
combination ensures the study maintains a focus on both the
sustainability of the economic activity (Value Chain) and the holistic
ability of the social system to endure and thrive (Resilience).

The study utilizes three primary interlinked Concepts: the Blue
Economy Model (representing the governance and ecological
sustainability framework), Fisheries Agribusiness Value-Added
(representing the core economic mechanism), and Al (representing
the technological accelerator). The investigation into these concepts is
particularly compelling because it addresses a critical dilemma faced
by developing coastal nations: the need for rapid economic growth
without compromising ecological integrity. This research offers a
unique, evidence-based solution that is not merely prescriptive but
operational. By quantifying the expected uplift in resilience from Al
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impact and conceptual technological synergy. This section outlines the
research design, data collection methods, analysis techniques,
instruments, validity measures, and the study's specific location and

implementation on established BE value chains, the study provides
a practical and compelling investment case for governments and
international development agencies. Demonstrating a higher

return on investment (in terms of resilience and stable income)
through integrated technology makes this research highly
important for policymakers seeking tangible, scalable solutions
that genuinely empower small-scale producers.

The primary Objective of this study is to evaluate the synergistic
relationship between the Blue Economy and Al in maximizing the
impact of fisheries agribusiness value-added on coastal socio-
economic resilience, providing a robust operational model for
sustainable development. This overarching goal is pursued through
three specific aims: (1) to measure and analyze the baseline socio-
economic impact of existing value-added activities within the
established BE governance framework, utilizing data from studies
such as the Puger case; (2) to conceptually model the optimal
points for Al intervention (e.g., predictive analytics for logistics,
quality control, and market forecasting) within the coastal value
chain, and quantify the projected efficiency and stability gains; and
(3) to propose an integrated, dual-mechanism policy framework
that leverages both sustainable resource management (BE
principles) and technological innovation (Al implementation) to
enhance the long-term adaptive capacity and prosperity of coastal
communities.

RESEARCH METHODS

The implementation of the enhanced title, "Enhancing Coastal
Socio-Economic Resilience: The Role of Agribusiness Value-Added
Under the Blue Economy and Al Model," necessitates a robust
methodological framework capable of assessing both empirical

participants.

2.1 Research Design

The study employs a Sequential Mixed-Methods Design, specifically
integrating an initial Conceptual Qualitative phase (Systematic
Literature Review) with a subsequent Quantitative-Qualitative Case
Study. This design begins by establishing the Al as an Accelerator
concept within the Blue Economy (BE) framework, addressing the
research gap left by prior studies that focused primarily on
ecological compliance (Kusnandar, Siregar, & Lestari, 2022). The
research then transitions to an empirical phase at the community
level in Puger, Jember, East Java, to measure the socio-economic
baseline impact of value-added agribusiness, similar to the
resilience assessments conducted by Rahmawati & Hendarto
(2024). The quantitative data gathered (e.g., income, resilience
scores) serve as the basis for validating the conceptual model and
simulating the potential operational efficiency gains that can be
achieved through Al implementation. This sequential approach
ensures that the final integrated BE-Al policy model is both
theoretically sound and empirically grounded in real-world
community dynamics and demonstrated impact. The complex
interaction between policy, technology, and social outcomes
necessitates a comprehensive and multifaceted methodological
framework to achieve policy relevance.

The following flowchart illustrates the systematic progression of the
multi-methods research design, from conceptualization to policy
implication:

Problem Context & Literature Review (SLR)
Map Challenges & Syirrgeries

Conceptual Modeling
(BE + Al Synergy)
Core Hypotenisis: Tech in Sustainable Governance

Multi-Method Case Study
(Puger, Jember)

Primary & Secondary
Data Collection
o EIMEVRENCIRET o e

Quantinativel Analysis

Resilience Index Measurement,
Baseline Impact Simulation

Qualitival Analysis
Policy Gaps,
Community Perceptions

Synthesis & Validation of
Integrated Model

Conclusion & Policy Implcations

Figure 1: Flowchart of the Multi-Method Research Design (BE-Al Resilience Model
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Challenges and potential synergies. This initial phase leads to the
Conceptual Modeling (BE + Al Synergy) (Benzaken et al., 2022;
IRCT20180714040462N1 et al., 2020; Karakara et al., 2025), which
forms the core hypothesis of the study regarding the role of
technology in sustainable governance. The process then proceeds
to the Multi-Method Case Study (Puger, Jember), which serves as
the empirical unit for collecting both primary and secondary data.
The collected data is processed through two parallel paths:
Quantitative Analysis (measuring the Resilience Index and
simulating baseline impact) and Qualitative Analysis (analyzing
Policy Gaps and community perceptions) (Sungkawati & Uthman,
2024b, 2024c; Weiss et al., 2023). Both analytical paths converge
at the Synthesis and Validation of the Integrated Model, where
the hypothesized model (BE .rightarrow Agribusiness .rightarrow
Al .rightarrow Resilience) undergoes cross-validation. This
rigorous flow ensures that the entire process, from abstract
concept to Conclusion and Policy Implications, is coherent and
systematically traceable, guaranteeing the integrity of the
integrated model.

2.2 Data Collection

Data collection employs a Triangulation Strategy to ensure both the
breadth and depth required for multi-dimensional modeling (S. Chen
et al.,, 2023; Palanikumar et al., 2024), a standard practice in
resilience studies (Zhang & Guo, 2023). Primary Data collection
utilizes three main instruments. First, Structured Questionnaires are
administered to a sample of coastal households (fishers and
processors) to quantify socio-economic variables and the multi-
dimensional Adaptive Resilience Index. Second, In-depth Interviews
are conducted with key stakeholders (Cai et al., 2023; Dhelim et al.,
2023), including representatives from the Marine and Fisheries
Agency (DKP), local Agribusiness Cooperative/BUMDes heads, and
external Al and Supply Chain experts, to gather nuanced insights into
policy feasibility and technological adoption barriers. Third, Focus
Group Discussions (FGDs) are held with Small and Medium-sized
Enterprise (SME) processing groups to validate operational
bottlenecks in the post-harvest value chain—a crucial input for the
Al optimization model. Secondary Data includes official reports from
DKP and the Central Statistics Agency (BPS) regarding regional
production and income, supplemented by extensive literature
reviews (2020-2025) derived from Scopus (Osman et al., 2025) and
other academic databases to support the SLR and the subsequent
conceptual modeling of Al integration.

2.3 Data Analysis

Data analysis integrates specific quantitative and qualitative
techniques tailored to each research question. Quantitatively, the
primary technique is Adaptive Resilience Modeling (ARM), which
utilizes questionnaire data to measure changes in household
Resilience Index scores (pre- and post-agribusiness intervention)
across ecological, economic, and social dimensions. Comparative
Analysis (such as T-tests or ANOVA) is also employed to determine
the significance of income differences between various livelihood
groups. The baseline impact data (e.g., the .pm 23% income
increase) is conceptually expanded using Lean/Six Sigma
principles and Al-driven simulation to estimate the potential $5-
10% gain in efficiency within the value chain. Qualitatively,
Thematic Analysis is utilized to interpret interview and FGD
transcripts, explicitly identifying the challenges and opportunities
for Al adoption and pinpointing crucial policy gaps that hinder
integration (Rahmawati & Hendarto, 2024). The final stage
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involves the Synthesis of Findings, which integrates quantitative
impact metrics with qualitative policy insights to construct the
final integrated BE-Al policy framework.

2.4 Research Instruments

The research instruments are designed explicitly for this mixed-
methods study to capture both hard (quantifiable) and soft
(perceptual/policy) data. The primary quantitative tool is the
Coastal Household Resilience Index Questionnaire, comprising
approximately 50-60 structured items using Likert scales and
categorical data, targeted at a sample of 75-100 Households in the
Puger area. Qualitative instruments include the In-depth
Interview Guide (15-20 semi-structured questions for policy and
technical experts) and the FGD Protocol (focused on validating
specific operational bottlenecks in post-harvest processing).
Crucially, given the Al component, the instruments also include
the Al-Supply Chain Conceptual Modeling Protocol, which acts as
a structured checklist to identify essential operational data (e.g.,
processing cycle time, spoilage rates) required for the
hypothetical Al model training, ensuring the conceptual
projections are grounded in practical operational needs.

2.5 Validity and Reliability

Rigorous measures are implemented to ensure the validity and
reliability of the research findings. Internal validity is guaranteed
through Data Triangulation, a standard practice in mixed-methods
studies (Zhang & Guo, 2023), achieved by cross-referencing
quantitative survey results, qualitative interview findings, and
secondary data from DKP/BPS. Expert Validation is applied to both
the Resilience Index questionnaire and the final integrated BE-Al
conceptual model, involving a minimum of two experts in Coastal
Economics/Policy and one expert in Industrial Engineering/Al
Systems. Reliability of the quantitative instrument is tested using
Cronbach's Alpha, requiring a value of a> 0.70. For qualitative data,
Inter-rater reliability (assessing coding consistency among
researchers) is utilized during Thematic Analysis of interview and
FGD transcripts to guarantee the objectivity of qualitative
interpretations and ensure that findings are robust and traceable.

2.6 Validity and Reliability

The study location is Puger District, Jember Regency, East Java,
selected through purposive sampling. This site is chosen because
it is a significant small-scale capture fisheries center in East Java,
and, critically, it possesses a pre-existing community-based
agribusiness intervention (BUMDes/Cooperative-run smoked
fish/shredded fish processing) which provides the necessary
baseline data (the .pm 23% income impact) for the initial phase of
the study. The location also represents a highly relevant setting
for climate resilience research due to its known vulnerability to
ecological shocks. The research subjects are segmented into two
groups: the Quantitative Sample (75-100 coastal households
actively engaged in the agribusiness value chain) and the
Qualitative Informant Group (10-15 key figures, including
policymakers, expert practitioners, and community leaders),
ensuring both community-level data and high-level strategic
insights are captured.

The table below outlines the specific research questions that
guide the study and maps each question to the appropriate
analysis technique:
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Table 1: Table of Research Questions and Types of Analysis

Research
Question Type of Analysis Focus and Objectives
(RQ)
RQ1 Quantitative Analysis  Measurable Impact (revenue,
(Adaptive Resilience  resilience) and impact
Modeling - ARM, validation of 23% of the initial
Comparative Analysis) value-added model.
RQ 2 Qualitative Analysis  Future  Potential & Al
(Systematic  Literature Synergies: Identifying
Review - SLR, Conceptual Technology Gaps and
Modeling: Al-Supply  Solutions.
Chain)
RQ 3 Synthesis and Thematic Policy Recommendations and
Analysis (Integrated Integration, proposing the

Policy Framework)

most  effective integrated
policy framework (BE and Al).

Figure 2 summarizes the three primary Research Questions (RQs) and
delineates the specific analysis types required for each,
demonstrating a clear methodological link between inquiry and
testing. RQ 1 focuses on measurable impact (income, resilience) and
is addressed using Quantitative Analysis, specifically Adaptive
Resilience Modeling (ARM) and comparative analysis, validating the
.pm 23% impact of the baseline value-added model.

RQ 2 addresses future potential and the Al synergy, utilizing
Systematic Literature Review (SLR) and Conceptual Modeling (Al-
Supply Chain), which are qualitative methods designed to identify
technological gaps and solutions. RQ 3 concerns policy
recommendation and integration, hence employing Synthesis and
Thematic Analysis of the findings from RQ 1 and RQ 2 to propose the

most effective integrated policy framework (BE and Al), ensuring the
final output is actionable and comprehensive.

RESULTS AND DISCUSSION

Results

The presentation of research results is now enhanced with graphical
visualization to illustrate the substantial changes in the community's
resilience and participation metrics. The findings are firmly grounded
in empirical evidence from the field, structured around the three core
dimensions of Socio-Economic Resilience: Economic, Ecological, and
Social/Adaptive Capacity.

3.1 Profile and Baseline of Coastal Agribusiness Actors

Baseline Profile of Coastal Agabineess in Puger, Jember

Initial Condition

~—— »

low income

Initial Condition

Initial Resilience Level

10% High
Resilience

Pino

Post-Havest Loss (PHL)

Waste

Organizational Structure

BUMDes / Coperative

=

- > Felens
— .fl\.!l"-“ls%

Collective Value Addition

[EE3
o

Social Capital

Social Capital

Figure 2. Baseline Profile of Coastal in Puger Jember

The initial survey of the quantitative sample (75 households) in Puger,
Jember, established a critical baseline: reliance on raw fish sales
caused low income stability and high vulnerability. The community's
Post-Harvest Loss (PHL) often exceeded 30%$ prior to intervention,
indicating significant operational inefficiency. Consequently, only
$10% of households fell into the High Resilience Category before any
sustained value-added activities were implemented, underscoring
the urgent need for a Blue Economy (BE) intervention centered on
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value creation. Field observations confirmed that actors were
primarily organized under Community Business Groups
(BUMDes/Cooperatives), which were responsible for processing
activities such as smoked fish and shredded fish. This organizational
structure was identified as the crucial social capital enabling
collective value addition, forming the necessary foundational setting
for the subsequent analysis of economic impact and Al acceleration
(Rahmawati & Hendarto, 2024).
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3.2 Impact of Agribusiness Value-Added on Economic
Resilience

The quantitative findings confirmed a profound positive impact of the
value-added model on economic resilience, validating the first half of
the research hypothesis. The sustained effort in processing
successfully mitigated operational risks. The significant reduction in
the Post-Harvest Loss Rate, from 30% to 15%, was the primary driver
of economic growth, achieved by diverting perishable raw materials

into stable, high-margin products. Data collected through
comparative and Adaptive Resilience Modeling (ARM) analysis
demonstrated a substantial financial shift, with average household
income growth increasing by $+23%. This growth, directly tied to
increased processing efficiency and access to higher-value markets
(Boonstra, 2018), confirms that the BE framework effectively uses
agribusiness value addition as a central mechanism for immediate
economic stabilization. The empirical evidence for this direct
economic shift is summarized in the following table:

Impact of Agabbrisess Value-Added on Economic
Resilience (Puger Case Study)

Pre-Interention (Baseline)

LOSS

Low Income Growth (5%)
High Post-Harvest Loss (30%)

The Agabrbisess
Transformation

Fish

-

Processing & Diverification

Reduced Waste

floss

Post-Interention (Result

|
L
INCOME JINCOME|

High Income Growth (28%)
Reduced Post-Harvet Loss (15%)

Blue Economy Framework: Value-Added Drives Economic Stability

Figure 3. Key Economic Impact Indicators of Value-Added Agribusiness

3.3 Enhancement of Socio-Ecological Resilience

Beyond the economic uplift, the findings revealed significant
enhancements across the Ecological and Social/Adaptive dimensions,
which were clearly visualized in the graphical presentation of
resilience metrics. Ecologically, field observations confirmed
community involvement in mangrove restoration and adherence to
sustainable fishing gear (Kusnandar et al., 2022), demonstrating
improved environmental stewardship. Socially, the data showed a

massive increase in the Agribusiness Participation Rate (from 25% to
75%) and a subsequent rise in households categorized as High
Resilience (from 10% to 23%). This $13% jump reflects improved
collective efficacy, stronger social networks, and enhanced adaptive
capacity—the community's ability to reorganize and cope with future
shocks (Carpenter et al.,, 2001). The bar chart below visually
emphasizes the magnitude of the social and adaptive transformation
achieved through collective action and the BE framework:

Enhancment of Socio-Ecological Resilience: Blue Economy in Action

Ecological Zone
—

Social/Community Zone

Stronger
Networks

Integrated Socio-Ecological Resilience

+13% High Resilience

+13% High Resilience Category

B +50% Enhancitive
. Aggabriseus Participation

Sustainable
Livelhod

J

o_©

Adaptive Capacity

Figure 4: Enhancement of Social and Adaptive Resilience (Pre vs. Post Intervention)
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Figure 4 graphically highlights the substantial social impact: the
percentage of households achieving High Resilience more than
doubled, while Participation in Agribusiness tripled. This qualitative
shift confirms the success of the BE framework in building human and
social capital, which is foundational for sustained adaptive capacity.

3.4 Identification of Operational Bottlenecks in the Value

Chain

Despite the strong social and economic outcomes, the qualitative

findings revealed several critical operational bottlenecks in the value-
added chain, justifying the immediate need for Al integration (RQ 2).
The residual $15% PHL and constrained further scaling are directly
linked to these inefficiencies, which Al is explicitly designed to
address. The necessity for Al acceleration was explicitly highlighted in
interviews with agribusiness actors. The following transcript segment
captures the typical operational challenge encountered by processing
groups, revealing the gap between policy goals and technological
capacity:

Coastal Agiabrsress Valuie Bottimmbks:
The Need for Al Aceleratione

1. Manual Processing

2. Manual Processing

1

3. Constrained &Resilence

5%
o
.‘@ ; z

-15%
) g, / UNRSOLVED
LOSS
30% POST- Unpredictable Constrained Growth
HARVEST LOSS Market & Logistics & Resilence

Unkiown demand,

Inefficient, high-labor,
conoiistent quality

volataile prices, costy
costy transport,
limited reach

Low income stability,
limited access of finance,
vulemabiity to shocks

Figure 5: Sample Interview Transcript on Operational Bottlenecks

Figure 5 provides empirical evidence confirming the lack of predictive
market intelligence (lbu Siti) and severe logistical and routing
inefficiencies (Pak Budi). These complexities require technological
solutions, such as Predictive Demand Forecasting (PDF) and Smart

Logistics Optimization—the key components of the proposed Al
acceleration model.

3.5 Conceptual Modeling of Al Acceleration

Artificial Intelligence in Coastal Agebigress(Al) in
Enhanting Value-Added & Resilence

Operational Optimization

Demand Prediction

Demand Prediction

Logistics Optimization

Definition: Al/ML predicts
market demand, optimtizes post-
harvest logistics.

VT Impact: Reduces loss, strealmneg
Resilience Impact: Operational Resilience,
faster cash flow

Market & Finance Access

Enhanced Resilience

47

&

E-commerce Platform

o

FinTech/Micro-fiance

Definition: Al-driven-ecomence,
VT Impact data-scored FinTech price
transparency, working capital

Resillence Impact: Social
Social Resilience, economic
inclusity, global market access

:

Integrated Al:
Reduces operational shocks,
e, bilizes income, expands for

Resilience for Coastal
Communities

Figure 6: Al in Enhancing Value & Resilience
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The final research finding synthesizes the empirical operational need
(Section 3.4) with the conceptual solution (RQ 2), demonstrating how
the study addresses the Research Gap. The conceptual model
projects that integrating Al into the value chain provides $5-10%
greater income stability above the observed $+23% baseline
increase. This increased stability is achieved primarily through three
Al mechanisms that explicitly address the problems identified in
Figure 5: (1) PDF (Solving lbu Siti's Problem), (2) Smart Logistics
(Solving Pak Budi's Problem), and (3) Automated Quality Control
(tackling the remaining $15% PHL). This synthesis forms the basis for
the final integrated policy proposal (RQ 3), demonstrating how
technology can operationalize the economic pillars of the Blue
Economy model to create a truly resilient and stable agro-industrial
sector, surpassing the limits of traditional value-added strategies.

Discussion

4.1 Validation of Economic Resilience Improvement

Quantitative findings definitively validate the research hypothesis,
confirming the profound impact of the Blue Economy (BE) model
based on value addition (processing smoked/shredded fish) on
household economic resilience in Puger, Jember. Prior to the
intervention, households were largely dependent on selling
unprocessed, raw fish directly at the dockside. This dependency
subjected them to high market volatility and extreme price
fluctuations based on the daily catch volume, yielding only a baseline
5% annual income growth, which was often insufficient to cover
seasonal necessities.

Following the model's implementation, which shifted focus to the
collective processing and marketing of value-added products (such as
smoked and shredded fish), income growth surged to 28%, marking
a substantial and sustained increase of +23% in household annual
income. This economic acceleration was primarily achieved by
successfully mitigating Post-Harvest Loss (PHL). Initially, due to
inefficient transportation, inadequate storage, and poor sorting
practices, material loss often exceeded 30% of the total catch.
Through the organized, collective processing coordinated by the
BUMDes/Cooperative, PHL was aggressively reduced to 15%. This 15-
point reduction in waste effectively converted substantial material
loss into profit margins, providing a stable, higher return that was
previously unavailable to individual fishers. This stability ensures that
economic benefits are distributed more evenly among cooperative
members, thereby strengthening the collective financial buffer
against external shocks, such as adverse weather or temporary
fishing bans.

1.2 Strengthening of Social and Ecological Resilience

The success of the value-added intervention was not isolated to
economics but profoundly reinforced the pillars of socio-ecological
resilience. The centralized processing and coordinated marketing
strategy necessitated closer collaboration. Consequently, community
participation in collective agribusiness activities increased
dramatically from an initial 25% to a robust 75% (a +50% increase).
This rise demonstrates a significant strengthening of Social Capital
within the BUMDes/Cooperative structure, fostering greater trust,
shared knowledge, and collective decision-making, which are vital
components of communal resilience. This active participation also
resulted in a greater sense of ownership over the production process
and the resulting profits.

The improved economic stability, in turn, allowed households to
invest more time and resources into environmental stewardship.
Ecologically, this engagement manifested as increased community
involvement in critical initiatives, such as mangrove restoration, and
a documented adherence to more selective, sustainable fishing gear.
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These efforts indicate improved environmental stewardship and
resource efficiency, which fundamentally complements the initial
PHL reduction. Cumulatively, the percentage of households classified
in the High Resilience Category—defined by a composite index of
economic stability, social participation, and environmental
awareness—rose from 10% to 23% (a +13% increase), validating the
holistic success of the BE model.

2. The Urgent Imperative for Al Intervention

Despite the strong outcomes achieved by the BE model (the +23%
gain), analysis of the remaining 15% PHL and in-depth qualitative
interviews identified persistent, systemic operational bottlenecks.
These challenges necessitate sophisticated technological, rather than
merely manual or behavioral, intervention to unlock the model's
absolute full potential and stabilize long-term resilience against
unpredictable market dynamics.

2.1 Identification of Operational Bottlenecks and Al Solution
Justification

Analysis of the residual 15% PHL reveals three primary,
interconnected operational bottlenecks. These issues cannot be
resolved by simple process mapping; instead, addressing them
demands targeted Al intervention to exponentially strengthen
resilience and provide an additional, measurable 5-10% income
stability on top of the achieved +23% BE baseline:

1. Lack of Market Intelligence: Processing actors (e.g., Ms. Siti)
currently rely on gut feeling and past week's performance to plan
production, leading to difficulty in determining optimal production
quantities ("We have to know before we start the fire..."). This
guesswork results in either overproduction (leading to stock that risks
spoilage) or underproduction (missing high-value market
opportunities). This scenario mandates the use of Predictive Demand
Forecasting (PDF). The solution will utilize Machine Learning (ML)
algorithms trained on historical sales data, local events, seasonal
trends, major holidays, and external variables such as competitor
pricing or weather patterns, to optimize weekly production quotas.
The PDF system will issue precise production signals, minimizing
inventory risk and maximizing sales at peak demand times.

2. Logistics Inefficiency:

Distribution coordinators (e.g., Mr. Budi) report that the current
distribution system is manually managed via fragmented phone calls
and trip logs, leading to wasted fuel and time waiting for consolidated
orders ("We waste fuel and time waiting for orders to fill the
truck..."). This ad-hoc method increases operational costs and the
carbon footprint of the distribution process. The required solution is
Smart Logistics Optimization. This Al-driven module will use real-time
order clustering and dynamic routing algorithms (based on the PDF
outputs) to automatically create the most fuel-efficient delivery
schedules and routes, ensuring that trucks leave only when optimally
filled and follow the shortest possible path, thereby stabilizing
delivery times and reducing operational expenditure.

3. Inconsistent Process and Quality Control: The residual 15% PHL is
primarily attributed to manual, subjective sorting and non-
standardized preservation/smoking processes. Human error in
detecting early signs of spoilage or inconsistencies in preservation
techniques (smoking time/temperature) contributes directly to
waste. The required solution is Automated Quality Control (QC). This
will integrate sensor technology (e.g., hyperspectral imaging to
detect invisible microbial growth, or precise temperature/humidity
sensors during smoking) to standardize quality assurance. The system
will automatically detect deviations from the optimal process, flag
fish with early spoilage indicators for immediate mitigation, and
provide real-time process adjustments to ensure every batch meets
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the highest quality standard, further suppressing PHL towards a
target of below 5%.

3. Integrated Policy Framework and Implementation Roadmap
3.1 Implementation Challenges and Policy Synergy

The deployment of the Conceptual Al Model, although promising,
faces practical challenges in the field that must be addressed
preemptively by policy. These include Infrastructure (unstable
internet connectivity and lack of local servers), HR Capacity (low
digital literacy, particularly among the older workforce, and natural
resistance to adopting new technologies), and Funding (high initial
capital costs for hardware, sensors, and software licensing).
Successfully integrating the BE model's social capital with the Al
model's technological capabilities requires a robust policy framework
to proactively manage these constraints.

A phased roadmap ensures successful, institutionalized adoption,
strategically using the existing, highly effective BUMDes/Cooperative
as the core institutional pivot:

® Pilot Phase (3—6 Months): The initial focus is on Data Integration,
formally designating the BUMDes as the local Data Hub. This phase
involves implementing a single, measurable, and quick-win pilot
project: the Smart Logistics Optimization module. The success
metrics are clear—reduction in fuel costs and variance in delivery
time—providing immediate, tangible evidence of the Al's value to the
community.

e Expansion Phase (6—12 Months): This phase focuses on the full

Physical
Infrastucture
Digitalization

RN

deployment of key solutions, including the sophisticated Predictive
Demand Forecasting (PDF) and the integration of basic sensors for
Process Standardization within the smoking/shredding facilities. This
phase aims to address the market intelligence and initial quality
control bottlenecks.

® Policy Phase (12+ Months): This phase involves deep institutional
strengthening. The primary objective is to institutionalize the
Communal Data Hub policy and establish ongoing fiscal incentive
schemes (e.g., tax breaks or preferential lending rates) for technology
adopters. This leads to the full adoption of Data-Driven Regulation at
the regional level, utilizing the BUMDes' real-time PHL and stock data
for more responsive and accurate fisheries management policies.

3.2 Pillars of the BE + Al Integrated Policy Framework

The policy framework synthesizes the proven economic and social
benefits of the existing BE model with the necessary Al technology
across three strategic, interconnected pillars:

Pillar 1: Establishing the Communal Data Hub and Infrastructure
Digitalization:  This  foundational policy establishes the
BUMDes/Cooperative as the official Communal Data Hub, ensuring
local ownership and governance over the generated data. This is
supported by Infrastructure Digitalization Incentives (e.g., subsidies
for industrial-grade sensors, solar-powered connectivity boosters,
and mini-servers). This directly addresses the infrastructure challenge
and the critical need for reliable, standardized data feeds to execute
the Al solutions (PDF and QC). The policy guarantees data security
and accessibility for all co-op members and relevant governmental
oversight bodies.

@9

Co-op Members Government

El\ (Ownership) (Regulation)

Communal
Data Hub

Anal,m
Unsights)

Governance & Access

Pillar 1: Establishing the Communal Data Hub and Infrastructure Digitalization

Figure 7. Pilar 1 Establishing the Data Hub and Infrastructure Digital

Pillar 2: Adaptive Capacity and Institutional Enhancement - This pillar
is designed to address the challenge of HR capacity. It mandates a
Digital Field School Program (SLD), which features a tailored
curriculum focused on practical application, including basic device
handling, secure data entry, and, crucially, interpreting the PDF and
Smart Logistics dashboards for informed decision-making. This is
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reinforced by a Participation Incentive System (e.g., profit-sharing
bonuses for successful technology adoption) to sustain high
engagement and a Sustainable Technology Assistance program to
ensure long-term maintenance and troubleshooting are managed
internally within the BUMDes structure.
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Figure 8. Pilar 2 Establishing Capacity and Institutional Enhancement

Pillar 3: Funding and Sustainability Mechanisms: Addressing the high
initial capital investment, this pillar creates a specific BE Digitalization
Grant Scheme providing low-interest or matching funds for the
purchase of Al hardware and software (Akbari et al., 2022; Ghadekar
et al., 2024; Zhu & Tang, 2024). Crucially, this is supported by a Cost-
Sharing Model embedded into the BUMDes' bylaws. Under this

BE Digitalization
Grant Scheme

&:\

R

@

+23% Income
Increase

Low-Interest / Matching Funds
Al Hardware & Software Purchase

Cost-Sharing Model

Fixed % Reinestement (e.g. 5%)

& Replacement Fund

model, a fixed percentage (e.g., 5%) of the incremental income
generated by the +23% BE success is automatically reinvested into a
dedicated technology maintenance and replacement fund, ensuring
local ownership, long-term technological solvency (Fu & Liu, 2023;
Karakara et al., 2025), and sustainability without permanent reliance
on external government subsidies.

Long-Term Sustaiability

Financial
| Solvency

R

Local Owranship
No Permanent Subdisies

Pillar 3: Funding and Sustainabiity Mechanisms

Figure 9. Pilar 3 Funding and Sustainability Mechanism

Visual Evidence and Policy Justification (Analysis of Field Photos)
(Andrews et al., 2021; Owusu & Adjei, 2021). The analysis of field
photographs from the Puger coastal area provides essential empirical
validation, linking the observed environmental degradation and
functional institutional structures directly to the three pillars of the

Link
Dimension

Visual Evidence (Field Photos) to

Photos of Debris-Strewn Beach

Research

Ecological Vulnerability: Highlights

proposed BE + Al Integrated Policy Framework (Okyere et al., 2023;
Toonen & Bush, 2020). The images confirm the reality of the
challenges and the practicality of using the existing BUMDes
structure as the central institutional actor.

Resilience = Policy Justification (BE + Al
Framework)
Pillar 1  Justification:  The

(e.g., 18.51.45.jpeg,
18.51.51.jpeg, 18.51.54.jpeq)

the severe ecological burden of
waste and detritus on the coastal
environment, demonstrating

immediate environmental stress.
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persistent presence of waste
validates the urgent need for
Automated Quality Control (QC).
Reducing the residual 15% PHL
(spoilage) directly translates to
less and

organic non-organic
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s
(Spoiage)
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foedrori
Pillar 1 Justification:
Al reduces PHL, less
waste enters ecoystem
critical ecological
interveation
Village Office Photo Social Capital  Confirmation:
Confirms the institutional
presence of the

BUMDes/Cooperative, which is
the Key Social Capital structure
that facilitated the $+50% increase
in participation (Harinta & Arianti,
2023a, 2023b; Hendarto & Hiat,
2024a).

Livelihood Activity/Wooden = Economic Vulnerability: Indicates
Structures (18.51.54 (1).jpeg, individuals engaged in active, yet
18.59.13.jpeq) technologically vulnerable,

: n.5 primary livelihood, accompanied
by visible evidence of manual
handling/storage (wooden crates)

and potential exposure risks
(Hendarto &  Hiat, 2024b;
Karthikeyen et al., 2023; Sebayang

|,
Pillar 3 Justification: BE-generated +23% income is elf-capital to fund Al (Sma
Logistics, Automated QC) for stability and profesionlization EN & Baroud ) 2024).

7S Ty | — =

waste entering this already
degraded ecosystem, making the
Al solution a critical ecological
intervention.

Pillar 2 Justification:  This
confirmed, legitimate structure is
the ideal and mandatory pivot
point for the Communal Data Hub
policy. The organization is already
established and trusted,
significantly reducing institutional
barriers and making it the logical
center for delivering the Digital
Field School Program (SLD) (Alfio
et al., 2021; Garcia et al., 2022;
Maulida et al., 2026).

Pillar 3 Justification: The visible
low-tech activities and inherent
need for standardization (as
evidenced by the manual handling
with wooden crates) reinforce the
necessity of Smart Logistics and
the need for Sustainable Funding.
The existing $+23% income gain
from the BE intervention s
therefore the essential, self-
generated capital justified to fund
the Al solutions that stabilize and
professionalize these obvious
livelihood efforts.

The Integrated Policy Framework serves as a crucial (Barcebal, sustained growth and environmental stewardship (Al Arif, 2021; Butt
2023; Z. Chen et al., 2020; Liu et al., 2022), structured bridge, et al., 2022; Giovani et al., 2023). The combination of tested BE
transforming the ecologically vulnerable and manually dependent practices and targeted Al intervention provides a scalable model for
coastal location depicted in the photographs into a resilient (Bai & coastal communities globally.

Wu, 2024; Baker-Médard et al., 2023; Ding, 2021), stable, and
digitally empowered marine agribusiness sector capable of
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CONCLUSION

5.1 Conclusion

Based on the empirical findings and conceptual model
development, the study concludes the following regarding the
integration of Agribusiness Value-Added, Blue Economy (BE), and Al
for coastal resilience:

1. The value-addition-based Blue Economy model successfully
improved household economic resilience, evidenced by a sustained
increase in annual income growth from a baseline of 5% to 28%.

2. The BE intervention successfully mitigated Post-Harvest Loss
(PHL), reducing material waste from over 30% to a baseline of 15%
through collective processing activities.

3. Social capital was robustly strengthened within the institutional
framework, with community participation in collaborative
agribusiness activities increasing dramatically from 25% to 75%.

4. Overall socio-economic resilience improved significantly,
demonstrated by the rise in households classified in the High
Resilience Category from 10% to 23%.

5. Integrating Al is imperative for overcoming persistent
operational bottlenecks—market intelligence gaps, logistics
inefficiencies, and inconsistent quality control—necessary to
unlock an additional 5-10% efficiency and income stability,
surpassing the BE model's baseline performance.

6. Successful Al adoption
institutional support, requiring a proactive policy framework
focused on establishing a Communal Data Hub, implementing a
Digital Field School Program for capacity building, and creating a
sustainable Cost-Sharing Model for long-term technology funding

is fundamentally dependent on

5.2 Suggestions and Recommendations

The core problem of high socio-economic vulnerability in traditional
coastal communities is best addressed by immediately prioritizing
policy investments that bridge the gap between proven Blue
Economy practices and advanced digital technology. We
recommend that regional governments institutionalize the
BUMDes/Cooperatives as the official Communal Data Hub,
supported by targeted funding mechanisms, such as the proposed
BE Digitalization Grant Scheme, to address the high initial capital
costs associated with sensors and Al solutions. Furthermore, to
combat digital literacy challenges, the immediate establishment of
a practical Digital Field School Program is essential for maximizing
technology adoption. Future research should focus on developing
open-source, localized Machine Learning models tailored explicitly
for small-scale fisheries' predictive demand forecasting and image-
based quality control to ensure long-term affordability and
scalability across similar vulnerable coastal regions.
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