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Foreword

| am pleased to write a foreword to the survey report titled “From Sea Voices
to Science Systems: Bridging Fisher Realities with Research & Digital
Platforms (Marine Risk Intelligence Study)” based on the survey conducted
by the Reliance Foundation during February 2026. INCOIS is associated
with Reliance Foundation for more than a decade for taking its scientific
services to the society. INCOIS shares the Ocean Information and advisory
services with Reliance Foundation for further downstream dissemination to

the end users through various dissemination platforms. Reliance Foundation works with
community to collect their feedback on INCOIS Services thereby enabling INCOIS to improve
the services. The present study was carried out in a short span with a focused approach,
accommodating multiple stakeholders across the country, and includes participation from 238
marine fisherfolk across eight coastal states as well as 167 students and researchers from
fisheries and marine science institutions.

The Indian National Centre for Ocean Information Services (INCOIS) is mandated to provide
reliable, science-based ocean information and advisory services to multiple stakeholders,
particularly the marine fishing community whose safety and livelihoods depend on timely and
accurate information. In this regard, the present report is of significant value, as it represents
a systematic compilation of feedback obtained directly from users at the ground level. Such
inputs are invaluable in understanding the usability, accessibility, practical relevance and
existing gaps of the advisory services, and they help us refine and improve our services in
accordance with user needs.

INCOIS recognizes that science is continuously evolving, and no prediction or advisory system
can be considered final or absolute. Our mission includes the continual validation,
improvement, and updating of ocean information and advisory services in line with advances
in science, technology, and user feedback. Studies of this nature provide an important
interface between scientific systems and end users, enabling progressive enhancement of
operational services. We sincerely appreciate the efforts of the Reliance Foundation and
collaborating organizations, including WOSC and VIBHA, as well as other field-level partner
agencies that have undertaken extensive interactions with fisher communities and academic
institutions. Their ground-level engagement and contributions are invaluable in strengthening
user-oriented service delivery. We believe that such groundwork will also provide an important
foundation for the Fishermen Meet proposed to be organized as part of WOSC 2026.

| convey my best wishes for the successful completion and wider dissemination of this
important initiative.

Dr. T. M. Balakrishnan Nair

Director, INCOIS
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Special Message

India’s marine fisheries sector stands at a decisive moment. As climate
variability intensifies and operational uncertainties grow more frequent, the
lived experiences of marine fisherfolk are revealing new patterns of risk that
extend far beyond episodic cyclones. From Sea Voices to Science Systems:
India’s National Marine Risk Intelligence Brief 2026 represents an important
step in recognising that marine risk today is continuous, layered, and journey-
based — spanning departure decisions, offshore exposure, navigation corridors, harbour
entry, and livelihood security at landing points.

This report is significant not only for the scale of its consultation — engaging fisher
communities, students, researchers, and digital advisory users across the country — but also
for the way it converges field intelligence with scientific priorities and digital system design. By
aligning grassroots realities with research gaps and advisory delivery architecture, the study
advances a more integrated, evidence-based approach to marine risk governance. |
appreciate Reliance Foundation for conceptualising and executing the project that came up
with this report.

The collaboration between Reliance Foundation and the Indian National Centre for Ocean
Information Services (INCOIS) strengthened the digital dissemination platforms and
demonstrate how institutional partnerships can create robust field-to-science feedback loops.
The emphasis on voice-first communication, connectivity resilience, modelling gaps, and
validation datasets reflects a mature recognition that advisory systems must evolve from static
forecast dissemination to calibrated, decision-support intelligence.

As India advances its leadership in ocean science and blue economy development, this brief
provides a timely blueprint for building a National Marine Risk Intelligence Architecture — one
that integrates science, technology, governance, and community knowledge. It is both a call
to action and a roadmap for collaborative innovation in safeguarding marine livelihoods and
strengthening climate resilience along India’s coasts.

S.S.C. Shenoi
Former Director, INCOIS
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Ocean Science Perspective

Over several decades of research in physical oceanography, coastal -~
processes, and biogeochemistry at CSIR—National Institute of Oceanography,
| have observed that India’s marine systems are becoming increasingly
dynamic and complex. Variability in basin-scale currents, coastal circulation,
atmosphere—ocean interactions, and physical-biogeochemical coupling is no
longer episodic; it is structural and continually evolving.

In this evolving marine environment, the gap between scientific modelling and operational
decision-making must steadily narrow. Marine fisherfolk do not encounter the ocean as
abstract data, but as lived risk—through decisions on departure timing, mid-sea turbulence,
shifting currents, and harbour re-entry under unstable conditions. Integrating this experiential
knowledge with structured scientific systems is both a scientific necessity and a governance
imperative.

The initiative led by Reliance Foundation, culminating in From Sea Voices to Science Systems
— India’s National Marine Risk Intelligence Brief 2026, is noteworthy for its effort to bridge
these domains. By engaging marine fisher communities, academic institutions, and digital
advisory users across coastal states, the study demonstrates how community-grounded
intelligence can meaningfully inform the evolution of advisory systems.

Viewed through the lens of physical oceanography, the focus on corridor-level differentiation,
harbour-specific risk signalling, connectivity limitations, and reduced reaction times signals an
important evolution in marine risk thinking. Forecasting can no longer remain purely predictive;
it must transition toward calibrated, adaptive decision-support systems that are shaped by
user realities and responsive to dynamic coastal environments.

India’s ambitions in ocean science and Blue Economy growth hinge not merely on improved
modelling sophistication, but on reinforcing systematic feedback mechanisms linking
institutions, digital platforms, and marine practitioners. Efforts of this nature help construct the
connective architecture necessary for resilient and responsive marine governance.

| appreciate the careful and considered effort reflected in this work and hope it catalyses
sustained collaboration between ocean scientists, digital systems designers, and coastal
communities to strengthen marine resilience in the years ahead.

Dr. Prasanna Kumar S

Acting Director (Headquarters, Goa)

Department of Physical Oceanography

CSIR - National Institute of Oceanography

World Ocean Science Congress Organizing Committee
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Executive Summary
From Sea Voices to Science Systems

India’s National Marine Risk Intelligence Brief 2026

India’s marine fisheries sector is navigating an era of accelerating climatic volatility,
compressed decision windows, economic pressure, regulatory complexity, and digital delivery
fragility. Marine vulnerability is no longer episodic or cyclone-bound. It is continuous and
journey-based — unfolding across departure decisions, offshore exposure, navigation

corridors, harbour entry, and landing-stage livelihood pressures.

This National Marine Risk Intelligence Brief consolidates structured field intelligence from:
e 339 Marine Fisher Folk across nine coastal states
o 254 Students and Researchers representing academic and scientific institutions
e 172 Machli App digital advisory feedback responses informing advisory system
strengthening
Together, this represents one of the most comprehensive structured marine risk consultations

undertaken in India in recent years.

Institutional Partnership and Advisory Ecosystem

This study has been undertaken in close collaboration with the Indian National Centre for
Ocean Information Services (INCOIS). Reliance Foundation maintains an active institutional
partnership and Memorandum of Understanding (MoU) with INCOIS for the dissemination of:
e Ocean State Forecasts
o Potential Fishing Zone (PFZ) advisories

e Cyclone and marine safety alerts

Through this partnership, real-time advisories generated by INCOIS are disseminated to
millions of marine fisherfolk across India through a multi-modal, multilingual
communication architecture, including:

o Voice-first outreach systems

+ |VR-based advisories

e WhatsApp voice and text dissemination

o Field facilitation networks

e The Al-enabled Machli Marine Advisory App developed by Reliance Foundation
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Reliance Foundation is also supporting the National Council of Applied Economic Research
(NCAER) through technology-enabled field data collection for a national-level impact
assessment of INCOIS advisories among marine fisherfolk across the country, thereby further

strengthening evidence-based marine advisory systems.

We express deep gratitude to INCOIS for conceptualising and operationalising India’s marine
advisory framework and for enabling a strengthened field-to-science feedback loop that

underpins this national brief.

Methodology and Evidence Architecture

The study adopted a structured, technology-enabled and scalable methodology using:
o Low / No-Code digital survey platforms for structured data capture
o Guided interaction tools for moderated consolidation
e Multilingual feedback instruments
o Structured Excel-based master dataset validation
o Statistical cross-verification and percentage normalisation

o Al-assisted synthesis and drafting for publication preparation

The approach ensured standardised data capture, quantifiable outputs, cross-validation, and

reproducible evidence suitable for national and international policy engagement.

National Operational Risk Signals
(Marine Fisher Folk, n = 339)

The most frequently cited operational stress indicators include:
o Weather unpredictability / sudden sea change — 231 of 339 (68.1%)
e Cyclone or strong storm exposure — 199 of 339 (58.7%)
o Fish availability uncertainty — 182 of 339 (53.7%)
o Offshore connectivity loss — 78 of 339 (23.0%)

These findings confirm that marine risk is layered and cumulative. Cyclones remain significant,

but day-to-day sea unpredictability and compressed decision-making windows are equally

disruptive.
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Advisory Delivery Architecture Constraints
(Marine Fisher Folk, n = 339)

Advisory effectiveness is constrained less by forecast generation and more by delivery design:
e Network connectivity limitations — 168 of 339 (49.6%)
o Delay or lack of timeliness — 104 of 339 (30.7%)
e Trust/ accuracy concerns — 45 of 339 (13.3%)
e Language barriers — 41 of 339 (12.1%)
Communication preference patterns strongly reinforce a voice-first ecosystem:
e Voice Call / IVR — 183 of 339 (54.0%)
e WhatsApp Voice — 73 of 339 (21.5%)
e Application Notifications — 69 of 339 (20.4%)
This confirms that advisory performance depends not only on forecast accuracy but on

behaviour-aligned communication architecture.

Academic Convergence: Research & Modelling Gaps
(Students-FGD, n = 254)

Students and researchers demonstrated strong convergence with fisher realities. Priority gaps
identified include:

e Governance and compliance behaviour systems — 132 of 254 (52.0%)

e Communication reliability mapping — 115 of 254 (45.3%)

e Cyclone-linked fisheries risk modelling — 111 of 254 (43.7%)

e Low-bandwidth / resilient delivery systems — 50 of 254 (19.7%)
Critical validation datasets identified as missing include:

o Trip-level catch and effort logs — 143 of 254 (56.3%)

e Network coverage mapping at sea — 115 of 254 (45.3%)

e Incident and safety records — 95 of 254 (37.4%)

o Harbour-level sea condition observations — 65 of 254 (25.6%)

The convergence between operational stress and modelling priorities signals readiness for a
structured National Marine Risk Intelligence Architecture.
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Strategic Inflection Point

India stands at a strategic inflection point in marine advisory evolution. Advisories must
transition:
e From forecast dissemination to calibrated, confidence-scored decision intelligence
e From static information streams to journey-based, harbour-sensitive and corridor-
aware systems
e« From retrospective validation to continuous ground-truth integration

e From siloed research to integrated field-science-policy loops

Translating Evidence into National R&D and Policy Partnerships
(Initial Institutional Mapping — To Be Expanded Post-WOSC 2026)

The findings emerging from this national consultation indicate the need for structured
convergence between field intelligence, advisory systems, research institutions, regulatory

bodies, and digital innovation platforms.

Marine risk is layered and journey-based. Addressing it requires coordinated engagement
across ocean science institutions, fisheries research bodies, academic modelling centres,

telecom and digital infrastructure actors, and governance agencies.
The table below presents an initial mapping of key R&D and policy pathways aligned with the
identified gaps. This mapping is indicative and represents the first step toward building a

structured National Marine Risk Intelligence Architecture.

Initial National R&D and Policy Ecosystem Mapping

Key Finding / Gap R&D Focus Area  Potential Policy / Action

Identified Institutional Pathway
Partners

Weather Corridor-level risk | INCOIS, IMD, nate corridor-risk

unpredictability & modelling; harbour = NIOT, lITs (coastal | layer into national

journey-based risk  nowcasting engineering), marine advisory
NCCR systems

Reliance Foundation | INCOIS | WOSC 2026 Page 9 of 107



Key Finding / Gap

Identified

Offshore
connectivity loss
(23%)

Governance &
compliance
behaviour gaps
(52%)

Cyclone-linked
fisheries risk
modelling (43.7%)

Missing trip-level
catch & effort logs
(56.3%)

Harbour-level sea
condition
observations
(25.6%)

Advisory delivery
architecture

constraints

Market intelligence
integration (Machli
feedback)

R&D Focus Area

Marine network
mapping; store-
and-forward
advisory logic
Behaviour systems
modelling;
enforcement

analytics

Reaction-time gap
analytics; safe-
return window
modelling
Standardised
digital logging

protocols

Harbour
congestion & local

risk modelling

Voice-first
escalation design;
low-bandwidth
resilient systems
Real-time price
and buyer

integration

Potential
Institutional
Partners

ISRO / NRSC,
Telecom operators,
TRAI

Fisheries
Universities, TISS,
CMFRI, State
Fisheries
Departments
INCOIS, IMD, IITs

ICAR-CMFRI,
Fisheries

Departments

NCCR, NIOT,

Maritime Boards

Reliance
Foundation
Platforms, Telecom
partners

MPEDA, State
Fisheries
Marketing Boards

Policy / Action
Pathway

Policy dialogue on
offshore connectivity

resilience standards

Integrate compliance
and behaviour
analytics into fisheries
governance
frameworks

Embed safe-return
decision layers within

advisory workflows

Pilot national digital
catch—effort
documentation
systems
District-level harbour

risk dashboards

Behaviour-aligned
communication

redesign

Integrate market
intelligence into marine

advisory ecosystem

This represents an initial institutional alignment framework. Following deliberations and Marine
Fisher Folk Interaction Sessions at the World Ocean Science Congress (WOSC) 2026, this
mapping will be expanded and refined to support a coordinated National Marine Risk

Intelligence Architecture.
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Strategic Value

This initiative represents a foundational national R&D and evidence-generation exercise. It

operationalises a structured integration model:

Sea Voices — Advisory Systems — Research Inputs — Technology Evolution — Policy
Feedback

The findings will be presented during the Marine Fisher Folk Interaction Session at the World
Ocean Science Congress (WOSC) 2026, demonstrating a scalable model of participatory

marine advisory strengthening.

Senthilkumaran
Study Lead — India’s National Marine Risk Intelligence Brief 2026
Head — Platforms & Applications

Reliance Foundation
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Study Design & Consultation Architecture

Consultation Framework Overview

This national study was conducted through structured Focus Group Discussions (FGDs)
across coastal India during February 2026. The consultation architecture integrated:

e Marine Fisher Folk FGDs (9 coastal states)

o Students & Researcher FGDs (multi-institutional participation)

o Institutional consultations with organised fisher bodies

o Digital advisory feedback capture (R&D stream)

The design ensured triangulation across field realities, academic modelling capacity, and

digital advisory usability.

Geographic Coverage

Marine Fisher Folk (n = 339)
Nine coastal states were covered:
e Tamil Nadu (88)
e Maharashtra (55)
e Guijarat (37)
e Odisha (34)
o Karnataka (32)
e Andhra Pradesh (28)
e West Bengal (27)
o Kerala (26)
e Goa(12)

This distribution enables balanced eastern—western corridor comparison and micro-

geographic analysis.

Students & Researchers (n = 254)

Primary participation emerged from:
e Maharashtra (55)

o Karnataka (53)
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e Andhra Pradesh (34)
e Odisha (34)

e Guijarat (33)

o West Bengal (22)

e Tamil Nadu (12)

o Kerala (7)

e (Goa and selected non-coastal academic affiliations (1 each)

Participation from non-coastal states reflects national research engagement in marine risk

modelling.

Refer Annexure A: State-wise Participation Tables for detailed distribution matrix.

FGD Locations

Consultations were conducted at:
e Harbour locations (Pamban, Veraval, Ratnagiri, Karwar, Uppada, Nuagada, Vizhinjam,
etc.)
e Fisheries universities and colleges (Veraval, Shirgaon, Muthukur, Sarisha, Berhampur,
Thoothukudi, Mangaluru)
o Coastal settlement clusters
e Institutional consultation nodes (Maharashtra—Goa organised fisher bodies)
This ensured representation from deep-sea operators, mechanised vessel crews, small-scale

fishers, and academic modelling communities.

Institutional Partners

The study was conducted with valuable institutional inputs from:

e INCOIS (Indian National Centre for Ocean Information Services) — ocean-state
advisory foundations

e« WOSA (World Ocean Science Congress convening partners) — consultation
coordination

o State Fisheries Universities and affiliated colleges

e Harbour-level facilitators and community representatives

e Organised fisher institutions including Sagari Seema Manch (SSM) (qualitative

consultation stream)

Reliance Foundation | INCOIS | WOSC 2026 Page 16 of 107



This study was exclusively conducted as a Feature Research & Development initiative to

strengthen marine advisory systems through structured feedback integration.

Methodology

The methodology followed a structured, technology-enabled data-for-development
framework:

Multilingual digital survey tools

Standardised FGD templates

Thematic coding of risk signals

Frequency extraction and validation

Cross-corridor comparative analysis

Academic research-gap mapping

Dataset deficit identification

©® N o o bk~ 0D~

Digital advisory usability capture (separate R&D stream)

This ensured traceability from field input — research gap — system requirement.

Dataset Integrity

e Marine Fisher Folk dataset: n = 339
e Students-FGD dataset: n = 254
o Digital advisory feedback dataset (R&D stream): n =172

All percentages are calculated within respective sample sizes.

The digital advisory dataset is analytically separated from core fisher evidence to prevent

distortion of field risk signals.

The consultation architecture ensures that this brief is:
e Multilingual
e Cross-coastal
e Multi-stakeholder
e Behaviour-aligned
o Scientifically convergent

o Dataset-transparent

*kkkkkkkkk
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Chapter 1

Executive Synthesis

Marine Fisher Folk (n = 339) | Students-FGD (n = 254) | Machli Feedback (n = 172)

This chapter synthesises national-level marine risk intelligence emerging from structured field
consultations conducted across nine coastal states. It integrates fisher operational realities,
academic research priorities, and digital advisory feedback signals to establish the

foundational architecture for a National Marine Risk Intelligence framework.
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Chapter 1

Executive Synthesis

Institutional input note: Annexure E summarises a Sagari Seema Manch (SSM)
(Maharashtra—Goa) interaction; it is discussion-based qualitative evidence and is not part of

the structured survey datasets.

India’s marine fisheries are operating within an increasingly volatile risk environment shaped
by climate instability, economic uncertainty, and communication-system fragility. Marine risk is

no longer episodic. It is embedded across the full operational journey.

This 2026 synthesis integrates structured intelligence from:
e 339 Marine Fisher Folk
o 254 Students and Researchers
o 172 Digital Advisory Feedback Inputs (R&D stream)

The evidence confirms that vulnerability extends beyond cyclone landfall events. Fishers
report uncertainty at multiple decision stages:

e Pre-departure

o Offshore fishing corridors

e Mid-sea escalation

e Return corridor navigation

e Harbour entry

e Landing-stage economic viability

National Operational Stress Signals
(Marine Fisher Folk, n = 339)

o Weather unpredictability / sudden sea change — 68.1%
e Cyclone or strong storm exposure — 58.7%

o Fish availability uncertainty — 53.7%

o Offshore connectivity loss — 23.0%

Marine exposure must therefore be understood as a journey-based system, not a singular

hazard event.
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Structural Risk Layers

Three interconnected vulnerability layers emerge:

1.
2.

Safety Instability - Driven by weather unpredictability and cyclone intensification.
Economic Volatility - Driven by fish availability uncertainty, fuel pressure, and trip
viability risk.

Delivery Fragility - Driven by connectivity breakdown, delayed alerts, and advisory

usability barriers.

Academic Alignment

Students-FGD analysis confirms strong modelling readiness. Research priorities directly

mirror fisher stress signals:

Governance & compliance modelling
Communication reliability mapping
Cyclone-linked fisheries analytics
Catch—effort validation datasets

Harbour-sensitive calibration

This convergence indicates that advisory strengthening is not constrained by conceptual gaps,

but by integration architecture.

Reaction-Time Gap

A recurring field message is the existence of a reaction-time gap — where environmental

volatility escalates faster than vessels can safely return.

This gap is amplified by:

Offshore connectivity loss

Lack of mid-trip reinforcement alerts
Harbour entry uncertainty

Limited validation loops

Reducing this reaction-time gap becomes the central objective of next-generation marine

intelligence systems.

Reliance Foundation | INCOIS | WOSC 2026 Page 20 of 107



Strategic Transition

Marine advisories must transition:
From:

o Static forecasts

e Regional-scale alerts

¢ Retrospective validation
To:

e Corridor-based intelligence

e Harbour-sensitive analytics

e Confidence-scored alerts

o Voice-first delivery

e Continuous ground-truth calibration
The synthesis therefore establishes the foundation for a National Marine Risk Intelligence
Framework that integrates field validation, predictive modelling, delivery resilience, and

economic viability intelligence.

India’s marine advisory evolution now requires structural convergence — not incremental

refinement.
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Chapter 2

Voices from India’s Coastal Fishing Corridors

Marine Fisher Folk (n = 339)

This chapter captures ground-level realities from India’s eastern and western coastal corridors.
It highlights journey-based vulnerability, decision-speed compression, harbour-level
pressures, and corridor exposure dynamics as articulated directly by marine fisher

communities.
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Chapter 2: Voices from India’s Coastal Fishing Corridors
(Marine Fisher Folk n = 339)

Across India’s eastern cyclone-prone belt and western monsoon-dominated corridors, fishers
consistently describe an accelerating change in sea behaviour. The sea is perceived as
shifting faster, becoming less predictable, and offering shorter reaction windows for

operational decision-making.

Risk is not experienced as a single catastrophic event. Instead, it accumulates through a

sequence of uncertain decisions.

Fishers repeatedly highlighted:
¢ Rapid wind-direction shifts
e Sudden swell amplification
o Wave-height variability within short time spans

e Compressed safe-return windows after departure

When vessels are already offshore, these environmental changes reduce response time and
increase exposure. The central concern is not only whether a cyclone occurs, but whether sea

behaviour escalates after departure.

Operational Decision Stress

Across coastal states, fisher narratives consistently revolved around three recurring questions:
e Should the vessel depart under uncertain weather signals?
e Should the crew continue when sea conditions shift mid-trip?

e |s safe harbour return still viable under escalating instability?

Small mechanised and motorised vessels were repeatedly identified as particularly vulnerable

during monsoon transitions and sudden wind—swell interactions.

The field evidence reinforces that marine vulnerability is embedded within a decision-speed

environment, not merely hazard occurrence.
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Behavioural Insights: Communication Under Stress

Communication format plays a decisive behavioural role during high-risk navigation. Fishers
emphasised that during unstable sea conditions, reading long text messages becomes
impractical and unsafe.

Listening is faster than reading when vessels are pitching under rough waters.

Marine Fisher Folk responses (n = 339) indicate the following preferred channels for receiving

urgent safety communication:

Preferred Channel Respondents Percentage
Voice Call / IVR 183 54.0%
WhatsApp Voice Message 73 21.5%
Application Notification 69 20.4%
The dominance of voice-based communication — representing more than half of all

respondents — confirms that advisory systems must structurally prioritise voice-first, local-

language delivery, particularly in offshore and low-connectivity corridors.

Advisory effectiveness is therefore shaped not only by forecast precision, but by format design

aligned with real-world operating conditions at sea.
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Chapter 3

Study Scope, Coastal Coverage and Evidence Base

Marine Fisher Folk (n = 339) | Students-FGD (n = 254)
This chapter outlines the consultation design, state-wise participation distribution, and

methodological framework adopted between 3—12 February 2026. It establishes the structured

evidence base supporting this national marine risk assessment.
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Chapter 3: Study Scope, Coastal Coverage and Evidence Base
This study spans nine principal coastal states — Tamil Nadu, Maharashtra, Karnataka, West
Bengal, Andhra Pradesh, Kerala, Odisha, Goa, and Gujarat — enabling comparative analysis

across cyclone-dominant eastern corridors and monsoon-influenced western belts.

The geographic spread ensures balanced coastal representation and strengthens cross-

corridor validation of marine risk exposure patterns.

Marine Fisher Folk Participation

(n = 339)
State Participants Percentage
Tamil Nadu 88 26.0%
Maharashtra 55 16.2%
Gujarat 37 10.9%
Odisha 34 10.0%
Karnataka 32 9.4%
Andhra Pradesh 28 8.3%
West Bengal 27 8.0%
Kerala 26 7.7%
Goa 12 3.5%
Total 339 100%

Tamil Nadu provides the largest participation base, offering extensive cyclone-linked
experiential validation. Maharashtra and Gujarat demonstrate high engagement levels, while

Odisha and Karnataka contribute strong corridor-level insights.

This distribution enables robust east—west comparative analysis.
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Students and Researchers Participation

(n = 254)
State Participants Percentage
Maharashtra 55 21.7%
Karnataka 53 20.9%
Andhra Pradesh 34 13.4%
Odisha 34 13.4%
Gujarat 33 13.0%
West Bengal 22 8.7%
Tamil Nadu 12 4.7%
Kerala 7 2.8%
Goa 1 0.4%
Non-Coastal Academic Affiliations 3 1.2%
Total 254 100%

The academic distribution reflects strong modelling readiness in Maharashtra and Karnataka,
while eastern corridor states show close alignment between fisher realities and research

priorities.

Key academic focus areas identified include:
e Cyclone-linked fisheries modelling
o Structured catch—effort dataset strengthening
e Communication reliability mapping
e Harbour-sensitive calibration

o Validation-linked advisory design

Refer Annexure A: State-wise Participation Tables for detailed distribution matrix.
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Chapter 4

Integrated Marine Risk Landscape

Marine Fisher Folk (n = 339)
This chapter presents the layered marine risk ecosystem — including weather unpredictability,

cyclone exposure, fish availability volatility, and offshore connectivity loss — demonstrating

that marine vulnerability is continuous and cumulative.
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Chapter 4: Integrated Marine Risk Landscape
(Marine Fisher Folk n = 339)

The marine risk landscape emerging from this synthesis is multi-dimensional. It combines
climatic instability, economic exposure, digital delivery limitations, and behavioural decision
stress into a unified vulnerability structure.

Hazard Exposure Patterns

Marine Fisher Folk responses (n = 339) indicate the following dominant hazard exposures:

Hazard Theme Respondents Percentage
Cyclone or strong storm 199 58.7%
Heavy rain or flooding 128 37.8%

Cyclones remain central. However, fishers emphasise that sudden sea turbulence and rapid

wind intensification are equally disruptive.

Risk intensifies when vessels are distant from shore. Fuel margins, travel time, and harbour
entry conditions constrain safe-return options. This creates a reaction-time gap, where
environmental volatility exceeds manual judgement capacity.

Economic Exposure Layer

Economic vulnerability operates in parallel with climatic exposure.

Marine Fisher Folk responses (n = 339) indicate:

Numeric frequencies are consolidated in the Executive Summary and Annexure B; this section

focuses on interpretation rather than repeating the same list.

o Fish availability uncertainty — 182 of 339 (53.7%)

e Fuel-related stress and trip viability pressures (multi-mention themes)

Fishers frequently weigh safety against economic survival, particularly when mid-sea

deterioration occurs after limited catch accumulation.
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Delivery and Usability Constraints

Marine advisory systems are constrained by delivery fragility.

Marine Fisher Folk responses (n = 339) indicate primary advisory usability barriers:

Advisory Barrier Respondents Percentage
Network connectivity issues 168 49.6%
Delay / lack of timeliness 104 30.7%
Trust / accuracy concerns 45 13.3%
Language barriers 41 12.1%

Connectivity breakdown offshore reduces advisory accessibility precisely when it is most

needed. Text-heavy advisories lose usability during turbulent conditions.

The central issue emerging from the evidence is not forecast inadequacy, but delivery

architecture limitations.

Three Interlinked Risk Layers

The integrated marine risk structure therefore comprises:
1. Safety Instability - Weather unpredictability and cyclone intensification.
2. Economic Exposure - Catch uncertainty and trip viability pressures.
3. Systemic Delivery Gaps - Connectivity breakdown and advisory usability constraints.

These layers interact dynamically across the fishing journey.

Strategic Implication

Marine advisories must evolve:
e From regional forecasts to corridor-based intelligence
e From single-event alerts to reinforcement logic
e From retrospective validation to continuous calibration
o From text-heavy communication to voice-first architecture

o From hazard-only tools to integrated safety—economic decision systems

Refer Annexure B: National Risk Signals, Delivery Constraints and Platform Patterns.
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Chapter 5

Advisory Access, Connectivity and Delivery Realities

Marine Fisher Folk (n = 339)
This chapter analyses advisory delivery constraints including network limitations, timeliness

gaps, trust dynamics, and language barriers. It reinforces the need for behaviour-aligned,

voice-first marine communication systems.
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Chapter 5: Advisory Access, Connectivity and Delivery Realities
(Marine Fisher Folk n = 339 | Students-FGD n = 254)

Marine advisories are only as effective as their delivery systems. While predictive models and
oceanographic intelligence continue to advance, field evidence demonstrates that usability

and access constraints significantly influence real-world decision-making at sea.

Marine Fisher Folk responses (n = 339) indicate the following primary advisory barriers:

Advisory Barrier Respondents Percentage
Network connectivity issues 168  496%
Delay / lack of timeliness 104 30.7%
Trust / accuracy concerns 45 13.3%
Language barriers 41 12.1%

These findings confirm that systemic delivery constraints remain as critical as forecast
precision. Connectivity breakdown, delayed messaging, and comprehension challenges
collectively reduce advisory confidence and behavioural responsiveness during high-risk

situations.

The core issue emerging from the evidence is not forecast inadequacy, but delivery

architecture fragility.

Offshore Connectivity Breakdown

Responses to the question “What Problems Do You Face Most?” (n = 339) indicate:

e Network /communication failure as a primary operational problem — 78 of 339 (23.0%)
Connectivity was also cited directly as an advisory usability barrier — 168 of 339 (49.6%).
Offshore corridors frequently experience reduced signal strength precisely when weather
conditions deteriorate. This creates a structural disconnect between forecast availability on

land and advisory usability at sea.

Parallel academic consultations (Students-FGD, n = 254) reinforce this constraint:
e Communication reliability mapping — 115 mentions (45.3%)
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e Low-bandwidth / resilient delivery systems — 50 mentions (19.7%)

This confirms that delivery resilience must become a modelling priority rather than a peripheral

system enhancement.

Voice-First Communication as Structural Requirement

Marine Fisher Folk responses (n = 339) indicate preferred channels for receiving urgent safety

communication:

Preferred Channel Respondents Percentage
Voice Call / IVR 183 54.0%
WhatsApp Voice Message 73 21.5%
Application Notification 69 20.4%

The dominance of voice-based communication establishes that audio-first design is not

optional. It is structurally required for safe navigation under unstable sea conditions.

Language barriers (12.1%) further reinforce the need for simplified, local-language delivery

formats.

Timeliness and Trust Gap

Advisory credibility depends on timeliness and transparency.

Marine Fisher Folk responses (n = 339) indicate:

See the Executive Summary and Annexure B for national frequency values; the narrative

below explains implications without duplicating figures.

e Delay or lack of timeliness — 104 of 339 (30.7%)

e Trust or accuracy concerns — 45 of 339 (13.3%)

Fishers repeatedly requested clearer differentiation between general advisory updates and

immediate safety-risk warnings.
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Students (n = 254) further emphasised:

o Cyclone-linked fisheries risk modelling — 111 mentions (43.7%)
Confidence improves when advisories explain underlying data logic and risk classification

reasoning. Escalation-based alert tiers may therefore strengthen trust and behavioural

alignment.
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Chapter 6
Climate Volatility, Ocean Variability and Safety Signals

Marine Fisher Folk (n = 339)

This chapter examines the intensifying impact of ocean variability, sudden sea changes, and
cyclone-linked exposure patterns, highlighting the narrowing safety margins within active

marine journeys.
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Chapter 6: Climate Volatility, Ocean Variability and Safety Signals
(Marine Fisher Folk n = 339)

India’s eastern and western maritime corridors exhibit distinct but interconnected vulnerability
patterns. Climate volatility is increasingly characterised by accelerated unpredictability and

compressed operational response windows.

Marine Fisher Folk responses (n = 339) indicate the following dominant operational risk

signals:
Operational Risk Signal Respondents Percentage
Weather unpredictability / sudden sea change 231 68.1%
Cyclone or strong storm exposure 199 58.7%
Fish availability uncertainty 182 53.7%
Offshore connectivity loss 78 23.0%

The defining safety signal across corridors is unpredictability.
Reaction-Time Gap
Fishers clearly distinguished between:

e Advance cyclone warnings before departure

e Cyclone intensification after departure

The latter was consistently described as more operationally severe because vessels are

already committed offshore.

Arecurring field message is the existence of a reaction-time gap — where sea conditions may

deteriorate faster than vessels can safely return.
Marine resilience therefore becomes a decision-speed challenge.
Advisory systems must reduce this reaction-time gap through:

o Trajectory-linked corridor alerts

o Harbour-sensitive intelligence
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¢ Mid-sea reinforcement updates
o Escalation-based risk tiers
e Voice-enabled emergency alerts

Corridor-Level Variability

Eastern corridor states frequently emphasised cyclone intensification and harbour-entry

stress.
Western corridor narratives more often described monsoon variability and swell instability.
However, across both corridors, compressed safe-return windows were consistently reported.

Climate volatility must therefore be modelled not only as hazard probability, but as corridor-

based operational exposure.
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Chapter 7
Integrated Marine Risk Intelligence — Bridging Field

Realities with Scientific Modelling

Marine Fisher Folk (n = 339) | Students-FGD (n = 254)
This chapter bridges fisher field intelligence with academic modelling frameworks. It

introduces the convergence principle required to translate operational realities into calibrated

decision-support systems.
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Chapter 7: Integrated Marine Risk Intelligence — Bridging Field Realities with Scientific
Modelling
(Marine Fisher Folk n = 339 | Students-FGD n = 254)

Marine fisheries operate within a connected vulnerability system. Safety instability, economic

volatility, and delivery fragility reinforce one another.

Field consultations identified dominant operational risks:
o Weather unpredictability / sudden sea change — 231 of 339 (68.1%)
e Cyclone or strong storm exposure — 199 of 339 (58.7%)
e Fish availability uncertainty — 182 of 339 (53.7%)
o Offshore connectivity loss — 78 of 339 (23.0%)

Parallel academic consultations (Students-FGD, n = 254) revealed systemic modelling and

data gaps:
Research Gap Identified Mentions Percentage
Governance & compliance behaviour systems 132 52.0%
Communication reliability mapping 115 45.3%
Cyclone-linked fisheries risk modelling 111 43.7%
Low-bandwidth / resilient delivery systems 50 19.7%

This combined evidence demonstrates strong alignment between field-level operational stress

signals and academic modelling priorities.

Technology-Enabled Data-for-Development Methodology

A structured multilingual digital survey framework was implemented, supported by
standardised FGD templates. Risk indicators were quantified using thematic coding and

frequency extraction.

Academic consultations were analysed to identify modelling readiness across:
o Artificial Intelligence-based predictive systems
e Geographic Information System-enabled spatial analytics
o Multi-parameter oceanographic integration
* Remote sensing—based modelling
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This methodology ensured alignment between experiential marine intelligence and structured

scientific capacity.

Convergence Principle

The central strategic insight emerging from this synthesis is convergence.

Marine resilience requires:
e Field-grounded validation loops
e Multi-source modelling integration
e Corridor-level delivery resilience
e Harbour-scale calibration

e« Behaviour-aligned communication design

Advisory systems must evolve from forecast dissemination platforms into Marine Risk

Intelligence Ecosystems.

Such systems integrate safety analytics, economic modelling, and delivery reliability into a

unified operational intelligence backbone.
The Indian case study demonstrates that community-grounded validation, applied scientific

modelling, and institutional convergence together can strengthen safety outcomes, stabilise

income patterns, and advance Blue Economy sustainability.
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Chapter 8

Research Gaps, Data Deficits and Modelling Priorities

Students-FGD (n = 254)
This chapter presents priority research areas including governance behaviour systems,

communication reliability mapping, cyclone-linked fisheries risk modelling, and low-bandwidth

advisory design.
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Chapter 8: Research Gaps, Data Deficits and Modelling Priorities
(Students-FGD n = 254)

The academic consultations reveal strong readiness within India’s marine research ecosystem
to collaborate on applied marine risk intelligence frameworks. Students and researchers
consistently identified modelling gaps that align closely with fisher field realities, indicating that
advisory evolution is constrained less by technical capacity and more by structured integration

between field intelligence, datasets, and modelling systems.

Most Urgent Research Gaps

Students-FGD responses (n = 254) indicate the following priority modelling requirements:

Research Gap Identified Mentions Percentage

Governance & compliance behaviour systems 132 52.0%
Multi-source ocean data integration 141 55.5%
Communication reliability mapping 115 45.3%
Cyclone-linked fisheries risk modelling 111 43.7%
Harbour-level risk models 81 31.9%

A clear direction emerges: marine advisories must move beyond regional forecasts toward
district- and harbour-scale calibration. Researchers emphasised the need for impact modelling
that reflects real fishing corridors, harbour-entry safety, landing infrastructure vulnerability, and

safe-return windows.

Three advanced modelling requirements recur across academic inputs:
e Reaction-time analytics linking cyclone trajectory shifts with safe-return windows
e Corridor-level connectivity modelling for offshore operations

o Integration of biological uncertainty into predictive fisheries systems

These priorities mirror fisher-reported exposure patterns identified in earlier chapters.
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Technology Stack Readiness

Students were also asked to identify which technologies can realistically strengthen marine

advisory systems within the next three to five years.

Technology Area Mentions Percentage
Al / ML (prediction & pattern modelling) 190 74.8%
Remote sensing (satellite variables) 164 64.6%
GIS mapping (spatial layers & zoning) 161 63.4%
GeoAl (spatial + Al integration) 148 58.3%

These findings confirm high academic readiness to operationalise integrated modelling

architectures.

The constraint is not technological capability — it is structured data availability and

interoperability.
Critical Data Inputs Identified as Missing
Students-FGD responses (n = 254) indicate the following missing inputs limiting modelling
validation:
o Satellite ocean parameters (SST, chlorophyll, etc.) — 71 mentions (28.0%)
e Network coverage at sea — 115 mentions (45.3%)

Connectivity mapping emerges as both a delivery constraint and a modelling gap.

Validation Dataset Gaps

Students-FGD responses (n = 254) indicate the following missing validation datasets:

Trip-level catch & effort logs 143 56.3%
Incident / safety records 95 37.4%
Fuel use & trip distance 51 20.1%
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Without structured catch—effort logging, it remains statistically difficult to validate advisory
performance at harbour scale.

Advisory improvement therefore requires institutionalised data capture, standardised digital

logging protocols, and participatory validation systems.
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Chapter 9

Validation Challenges and Ground-Truth Integration

Students-FGD (n = 254)
This chapter identifies missing validation datasets such as trip-level catch—effort logs, offshore

network coverage mapping, incident records, and harbour-level observations necessary for

robust modelling.
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Chapter 9: Validation Challenges and Ground-Truth Integration
(Marine Fisher Folk n = 339 | Students-FGD n = 254)

Advisory credibility depends on traceability and local validation.

Marine Fisher Folk responses (n = 339) indicate:

National frequencies are already summarised (Executive Summary/Annexure B); this chapter

uses them as context and proceeds with analysis.

e Trust or accuracy concerns — 45 of 339 (13.3%)

While this percentage may appear modest, it represents a structural signal. Confidence
declines when advisories do not align with observed outcomes or when reinforcement alerts

are absent during active trips.

Fish Availability and Prediction Confidence

Fish-availability-related operational concern appears in:
e 182 of 339 respondents (53.7%)

Fishers frequently described uncertainty regarding catch prediction accuracy. Students

interpret this as a validation architecture gap rather than a forecasting failure.

Students-FGD responses (n = 254) further reinforce the need for structured evaluation:

e PFZ performance evaluation / validation studies — 82 mentions (32.3%)

Ground-Truth Integration Requirements

Students-FGD responses (n = 254) indicate missing validation inputs critical for confidence-
building:

e Trip-level catch & effort logs — 143 mentions (56.3%)

e Incident / safety records — 95 mentions (37.4%)

e Harbour-level sea condition observations — 65 mentions (25.6%)

o Network coverage at sea — 115 mentions (45.3%)
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These datasets form the foundation of a scientific validation architecture.

Validation must transition from periodic retrospective evaluation toward continuous ground-

truth integration.

This requires:
o Standardised digital catch—effort logging
e Harbour-level observation integration
o Corridor-specific connectivity mapping
¢ Incident and near-miss reporting systems

o Participatory feedback loops

Marine advisory systems must evolve into continuously learning systems calibrated against

real-world outcomes.
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Chapter 10
Coast-Wise Risk Differentiation — Eastern and Western

Corridors

Marine Fisher Folk (n = 339)

This chapter analyses regional differentiation in risk exposure across eastern and western

coastal states, highlighting corridor-specific stress indicators and governance variations.
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Chapter 10: Coast-Wise Risk Differentiation — Eastern and Western Corridors

Western corridor lens: Annexure E (SSM — Maharashtra & Goa) provides organised-fisher
perspectives; qualitative discussion inputs, separate from the n=339 structured dataset.
(Marine Fisher Folk n = 339)

India’s marine vulnerability is not uniform. Distinct exposure patterns across the eastern and
western maritime corridors require differentiated advisory calibration rather than standardised

national templates.

For analytical comparison, fisher respondents are grouped as:
o Eastern corridor: West Bengal, Odisha, Andhra Pradesh, Tamil Nadu (n = 177)
o Western corridor: Maharashtra, Goa, Karnataka, Kerala (n = 125)

e Guijarat (west-coast extension): Gujarat (n = 37)

Corridor-Level Differentiation

Corridor Sample (n) Cyclone/ Sudden Sea Network Advisory

Change Barrier
Eastern corridor 177 103 (58.2%) 83 (46.9%)
Western corridor 125 69 (55.2%) 52 (41.6%)
Gujarat 37 27 (73.0%) 23 (62.2%)

These signals reinforce a strategic principle: marine advisory systems must adopt

differentiated regional logic.

Eastern Corridor: Cyclone-Dominant Exposure

The eastern coast demonstrates concentrated cyclone-linked and rapid sea-change exposure.
Harbour vulnerability during cyclone alerts, compressed safe-return windows, and settlement-

level risk are consistently reported.

Strategic modelling priorities:
e Harbour-level cyclone impact analytics
e Trajectory-based corridor alerts
e Storm surge-linked harbour modelling
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e Evacuation-linked advisory frameworks

Western Corridor: Monsoon and Delivery Stress

The western coast reflects monsoon-driven variability and delivery resilience stress.
Fishers frequently describe:

o Offshore communication breakdown

e Harbour congestion during monsoon returns

e Trip viability under fuel and market pressure

Strategic modelling priorities:
e Connectivity heatmaps
e Low-bandwidth advisory design
¢ Bio-economic modelling integration

e Harbour congestion intelligence

Strategic Differentiation Principle

Eastern modelling logic must centre on cyclone resilience and harbour readiness.

Western modelling logic must prioritise delivery resilience and trip viability.

National marine intelligence architecture must embed corridor-specific calibration rather than

uniform modelling assumptions.
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Chapter 11
Micro-Geography Intelligence — State-Level Risk Spotlights
Marine Fisher Folk (n = 339)

This chapter presents state-wise insights and micro-geographic variations influencing marine

safety, advisory responsiveness, and livelihood resilience.
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Chapter 11: Micro-Geography Intelligence — State-Level Risk Spotlights
(Marine Fisher Folk n = 339)

While corridor-level differentiation provides strategic orientation, district and harbour-level
evidence reveals micro-geographic variability that directly shapes advisory credibility and
behavioural response. Harbour entry, final-stage navigation, and corridor-specific turbulence
repeatedly emerge as vulnerable phases within the fishing journey system.

State-level signals below reflect proportions within each state sample.

Tamil Nadu (n = 88)

Tamil Nadu provides the largest participation base and extensive cyclone-linked insight. Deep-
sea turbulence and rapid wind shifts were repeatedly highlighted as time-sensitive return
challenges. Harbour entry during rough sea conditions and tidal variability also feature strongly
in landing-stage risk narratives.

e Cyclone / sudden sea change signal: 60 of 88 (68.2%)

e Weather & sea-safety signal: 61 of 88 (69.3%)

o Network-related advisory usability barrier: 55 of 88 (62.5%)

Maharashtra (n = 55)

Narratives emphasise monsoon-linked variability, offshore communication weakening, and
trip-viability pressure under fuel constraints. Harbour-level stress during monsoon peak return
windows was repeatedly cited.

e Cyclone / sudden sea change signal: 35 of 55 (63.6%)

o Weather & sea-safety signal: 20 of 55 (36.4%)

o Network-related advisory usability barrier: 26 of 55 (47.3%)

Karnataka (n = 32)

Karnataka fishers emphasise offshore operational uncertainty and advisory usability during
variable sea conditions. Delivery resilience and low-bandwidth design needs emerge as
practical priorities.

e Cyclone / sudden sea change signal: 17 of 32 (53.1%)

e Weather & sea-safety signal: 21 of 32 (65.6%)

o Network-related advisory usability barrier: 10 of 32 (31.3%)
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West Bengal (n = 27)

Operating within estuarine and deltaic systems, West Bengal fishers describe strong cyclone-
linked exposure and storm surge vulnerability affecting harbour and settlement safety.

e Cyclone / sudden sea change signal: 17 of 27 (63.0%)

o Weather & sea-safety signal: 20 of 27 (74.1%)

e Network-related advisory usability barrier: 11 of 27 (40.7%)

Andhra Pradesh (n = 28)

Sudden sea change exposure and weather-linked instability dominate operational narratives.
Connectivity and usability barriers reinforce the need for corridor-aware delivery systems.

e Cyclone / sudden sea change signal: 12 of 28 (42.9%)

e Weather & sea-safety signal: 18 of 28 (64.3%)

o Network-related advisory usability barrier: 10 of 28 (35.7%)

Odisha (n = 34)

Cyclone-related concern and preparedness stress are pronounced. Timely alerts and harbour-
level modelling are repeatedly emphasised.

e Cyclone / sudden sea change signal: 14 of 34 (41.2%)

o Weather & sea-safety signal: 22 of 34 (64.7%)

o Network-related advisory usability barrier: 17 of 34 (50.0%)

Kerala (n = 26)

Kerala narratives strongly reflect weather and sea-safety stress, with monsoon-linked
variability shaping operational challenges. Harbour return timing and safe landing decisions
emerge as important micro-geography stress points.

e Cyclone / sudden sea change signal: 16 of 26 (61.5%)

o Weather & sea-safety signal: 22 of 26 (84.6%)

o Network-related advisory usability barrier: 13 of 26 (50.0%)
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Goa (n=12)

Network barriers and offshore decision stress signals indicate need for expanded
engagement.

e Cyclone / sudden sea change signal: 1 of 12 (8.3%)

o Weather & sea-safety signal: 1 of 12 (8.3%)

e Network-related advisory usability barrier: 3 of 12 (25.0%)

Gujarat (n = 37)

Guijarat, treated as the west-coast extension in this study, shows one of the strongest cyclone
/ sudden sea-change signals and a comparatively high network-related advisory usability
barrier. The pattern indicates that risk escalation and advisory access constraints often
coincide, reinforcing the need for timely, voice-first delivery and stronger offshore connectivity
resilience.

e Cyclone signal is moderate (40.5%)

e Weather & sea-safety hazard exposure is high (73.0%)

o Network advisory barrier is high (62.2%)

Micro-geographic evidence confirms that harbour entry and final-stage navigation often

represent the most vulnerable phases in the fishing journey.
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Chapter 12
Integrated Marine Risk Intelligence — Convergence

Framework

This chapter proposes a structured convergence model linking field evidence, advisory

systems, institutional coordination, and digital innovation into a unified national architecture.
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Chapter 12
Integrated Marine Risk Intelligence — Convergence Framework
(Marine Fisher Folk n = 339 | Students-FGD n = 254)

Marine risk across India’s coastal corridors is multi-dimensional and interdependent.
Structured consultations confirm that climatic exposure, economic pressure, and delivery
fragility operate simultaneously within the fishing lifecycle. Environmental unpredictability,
cyclone-linked intensification, fish availability uncertainty, and offshore connectivity breakdown

interact to shape real-time decision stress.

Marine Fisher Folk responses (n = 339) indicate:
Frequency tables are referenced in the Executive Summary and Annexure B; this section
avoids repeating identical numeric bullets.

o Weather unpredictability / sudden sea change — 231 of 339 (68.1%)

e Cyclone or strong storm exposure — 199 of 339 (58.7%)

e Fish availability uncertainty — 182 of 339 (53.7%)

e Offshore connectivity loss — 78 of 339 (23.0%)

e Advisory usability barrier: network connectivity issues — 168 of 339 (49.6%)

Parallel academic consultations (Students-FGD, n = 254) reinforce structural modelling
priorities:

e Governance and compliance behaviour systems — 132 mentions (52.0%)

e Communication reliability mapping — 115 mentions (45.3%)

e Cyclone-linked fisheries risk modelling — 111 mentions (43.7%)

e Structured trip-level catch & effort logging — 143 mentions (56.3%)

e Incident and near-miss safety records — 95 mentions (37.4%)
These findings confirm that marine vulnerability is not event-specific. It is distributed across
the full fishing journey: departure decisions, offshore navigation, mid-sea escalation risk,
corridor return, harbour entry, docking, and landing.
An integrated convergence framework links four functional domains:

1. Environmental Intelligence Layer - Multi-parameter oceanographic modelling,

cyclone trajectory analytics, and harbour-sensitive sea condition integration form the
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hazard backbone. Environmental signals must be interpreted at corridor and harbour
scale rather than solely at regional forecast scale.

2. Economic Viability Layer - Trip-level cost exposure, fuel-distance relationships, catch
probability, and market intelligence signals operate as behavioural modifiers. Risk
decisions are influenced by income viability alongside environmental exposure.

3. Delivery & Communication Layer - Voice-first advisory formats, low-bandwidth
optimisation, corridor-level connectivity mapping, and reinforcement alerts during
active trips are embedded as structural requirements. Delivery architecture becomes
part of safety infrastructure.

4. Validation & Feedback Layer - Structured catch—effort logging, harbour-level
observation capture, incident dataset integration, and corridor-specific calibration
loops form the evidence backbone. Validation transitions toward continuous ground-

truth integration rather than periodic retrospective evaluation.

The convergence framework integrates field intelligence, modelling systems, delivery
resilience, and governance analytics into a unified Marine Risk Intelligence ecosystem. Safety,
economic stability, and advisory credibility are treated as interconnected outcomes rather than

isolated performance indicators.

Reliance Foundation | INCOIS | WOSC 2026 Page 64 of 107






Chapter 13

National Marine Risk Intelligence Architecture

This chapter outlines the proposed multi-layered architecture integrating corridor modelling,

harbour intelligence, validation systems, and behaviour-aligned advisory design.
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Chapter 13
National Marine Risk Intelligence Architecture
(Marine Fisher Folk n = 339 | Students-FGD n = 254 | Machli App R&D n = 172)

The National Marine Risk Intelligence Architecture translates convergence principles into an
operational system design integrating data foundations, predictive modelling, delivery

resilience, and governance dashboards within a single interoperable framework.

1. Data Foundation Layer

Structured dataset requirements emerging from Students-FGD (n = 254) establish the national
data spine:

e Trip-level catch & effort logs — 143 of 254 (56.3%)

e Corridor-level network coverage mapping — 115 of 254 (45.3%)

e Incident and near-miss safety records — 95 of 254 (37.4%)

e Harbour-level sea condition observations — 65 of 254 (25.6%)

e PFZ performance evaluation frameworks — 82 of 254 (32.3%)
These datasets enable district-sensitive calibration, harbour-aware modelling, and

probabilistic safety analytics.

2. Multi-Parameter Modelling Layer

Academic consultations demonstrate high modelling readiness:

e Al/ML-based predictive systems — 190 mentions (74.8%)

e Remote sensing integration — 164 mentions (64.6%)

e GIS-based spatial analytics — 161 mentions (63.4%)

e GeoAl integration — 148 mentions (58.3%)
This modelling layer integrates atmospheric dynamics, oceanographic variability, fisheries
behaviour modelling, corridor exposure mapping, harbour congestion analytics, and bio-

economic decision support.

3. Delivery Resilience Layer

Marine Fisher Folk responses (n = 339) confirm delivery fragility as a structural constraint:
o Network connectivity issues as advisory barrier — 168 of 339 (49.6%)

e Operational connectivity failure at sea — 78 of 339 (23.0%)
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e Trust/accuracy concerns — 45 of 339 (13.3%)

e Language barriers — 41 of 339 (12.1%)

e Voice Call / IVR as preferred urgent channel — 183 of 339 (54.0%)
The architecture embeds voice-first communication, store-and-forward advisory logic, low-
bandwidth design, tiered alert classification, and reinforcement messaging during offshore

operations.

4. Validation & Confidence Architecture

Advisory credibility depends on traceable calibration mechanisms. Continuous integration of
catch—effort datasets, harbour-level observations, incident analytics, and corridor connectivity

metrics strengthens statistical reliability and confidence scoring.

Validation evolves into an ongoing calibration process supported by structured digital capture

and institutional data-sharing protocols.

5. Economic Intelligence Integration

Marine decision systems incorporate trip-cost modelling, market intelligence signals, fuel-
distance optimisation analytics, and corridor-level viability mapping. Machli App R&D signals
(n = 172) reflect strong demand for economic integration:

e Market price & buyer information — 89 of 172 (51.7%)

e Higher alert accuracy & timeliness — 80 of 172 (46.5%)

o Navigation & safe harbour guidance — 75 of 172 (43.6%)
Economic intelligence becomes embedded within advisory logic rather than treated as an

external layer.

6. Governance & Dashboard Integration

The national architecture supports:
e District Marine Resilience Indices
o Corridor-level exposure dashboards
e Harbour vulnerability analytics
¢ Incident-linked predictive safety modelling

e Advisory adoption metrics
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Institutional roles align across oceanographic agencies, meteorological systems, fisheries
research institutions, harbour authorities, telecom and connectivity mapping systems, national

fisheries bodies, state universities, and organised fisher representation platforms.
The National Marine Risk Intelligence Architecture establishes an interoperable, continuously

learning system integrating environmental forecasting, economic analytics, delivery resilience,

validation datasets, and governance oversight within a unified Marine Resilience Grid.
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Chapter 14
2026—-2030 Marine Risk Reduction Roadmap

This chapter presents a phased roadmap for strengthening marine advisory systems,

validation frameworks, governance coordination, and digital resilience over the next five years.
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Chapter 14
2026-2030 Marine Risk Reduction Roadmap
(Marine Fisher Folk n = 339 | Students-FGD n = 254 | Machli App R&D n = 172)

The 2026—2030 Marine Risk Reduction Roadmap operationalises the National Marine Risk
Intelligence Architecture into a phased national implementation strategy. The roadmap
integrates environmental modelling, delivery resilience, validation datasets, economic

intelligence, and institutional interoperability into sequenced system strengthening.

Evidence across consultations establishes clear priority signals:
o Trip-level catch & effort logging required — 143 of 254 (56.3%)
e Communication reliability mapping required — 115 of 254 (45.3%)
e Cyclone-linked fisheries risk modelling required — 111 of 254 (43.7%)
e Network connectivity usability barrier — 168 of 339 (49.6%)
e Weather unpredictability exposure — 231 of 339 (68.1%)
e Market intelligence feature demand — 89 of 172 (51.7%)

These signals shape phased national implementation.

2026: Baseline Consolidation and Data Architecture

Priority Focus: Structured Data Foundations and Pilot Risk Indices

This phase establishes the national data spine required for calibrated modelling and advisory

validation.

Core actions include:
o Standardised national catch—effort logging framework across coastal states
e Corridor-level offshore connectivity mapping
e National incident and near-miss safety reporting system
o Harbour-level sea condition observation integration

e PFZ validation framework linking predicted zones with trip outcomes

Pilot Marine Risk Dashboards are initiated in cyclone-prone and monsoon-sensitive districts.
Integration between oceanographic forecasts, harbour observations, and trip-level data begins
structured calibration.

Outcome Target: Baseline National Marine Risk Dashboard operational in selected pilot

corridors with integrated validation loops.
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2027: Predictive Modelling and Corridor Intelligence

Priority Focus: Reaction-Time Reduction and Delivery Resilience

This phase strengthens modelling precision and delivery architecture.

Core actions include:
e Cyclone-trajectory-linked corridor alerts
e Multi-parameter modelling integrating SST, chlorophyll, and current patterns
o Corridor-based connectivity heatmaps embedded into advisory logic
e Low-bandwidth and store-and-forward advisory architecture

o Reinforcement alerts during active offshore trips

AI/ML (74.8%) and GIS (63.4%) readiness within academic inputs supports predictive
expansion and spatial analytics integration.
Outcome Target: Measurable reduction in reaction-time gap during cyclone intensification

and improved mid-sea advisory reinforcement.

2028: Economic Stability and Bio-Economic Integration

Priority Focus: Income Resilience within Advisory Systems

Marine decision systems incorporate livelihood viability modelling.

Core actions include:
e Market price and buyer intelligence modules
o Trip-cost and fuel-distance optimisation analytics
e Catch probability modelling linked to environmental parameters
e Bio-economic advisory overlays for departure decisions

o Corridor-specific economic exposure mapping

Machli App R&D demand signals (51.7% for market intelligence; 43.6% for navigation
guidance) align directly with this phase.
Outcome Target: Integrated safety—economic advisory modules operational in at least five

coastal states.
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2029: Institutional Convergence and National Scaling

Priority Focus: Interoperability and Governance Integration

This phase integrates institutions into a unified marine intelligence backbone.
Core actions include:
o Interoperable APIs connecting oceanographic, meteorological, fisheries, harbour, and
market datasets
o Standardised advisory evaluation metrics
e Harbour vulnerability analytics embedded into advisory protocols
o Continuous validation loops across states
e Governance dashboards integrating corridor-level risk signals
Institutional convergence formalises shared analytical infrastructure across national and state
agencies.
Outcome Target: National Marine Advisory Integration Framework operational across all

principal coastal states.

2030: National Marine Resilience Grid

Priority Focus: System Maturity and Predictive Benchmarking

The final phase institutionalises predictive and preventive marine governance.

Core actions include:
e Real-time National Marine Risk Index
e Incident-based probabilistic safety modelling
o Climate-linked fisheries migration modelling integration
¢ Annual National Marine Risk and Resilience Report

o District-level Marine Resilience Indices

The system transitions from reactive forecasting to calibrated, continuously learning Marine

Decision Intelligence.

Outcome Target: Demonstrable reduction in marine safety incidents, strengthened advisory

credibility, and improved livelihood stability indicators.
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Chapter 15

Policy Directions for a Resilient Blue Economy

This chapter translates evidence into actionable policy directions aligned with marine safety,

fisheries governance, climate adaptation, and digital inclusion priorities.
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Chapter 15
Policy synthesis note: Selected governance and scheme-access insights also draw from
Annexure E (SSM institutional interaction), treated as qualitative evidence outside the survey

datasets.

Policy Directions for a Resilient Blue Economy
(Marine Fisher Folk n = 339 | Students-FGD n = 254 | Machli App R&D n = 172)

Marine resilience requires policy alignment across advisory reform, data governance, harbour
infrastructure, environmental stewardship, and inclusive digital enablement. Consultation
evidence demonstrates that safety exposure, livelihood stability, environmental risk, and

delivery reliability operate within a shared vulnerability system.

1. Advisory Reform and Data Governance
Students-FGD (n = 254) highlight foundational data requirements:
e Catch & effort logging — 56.3%
e Connectivity mapping — 45.3%
e Incident records — 37.4%
Marine Fisher Folk (n = 339) reinforce delivery constraints:
e Network usability barrier — 49.6%
e Trust/accuracy concerns — 13.3%
Policy direction includes:
o |Institutionalisation of structured catch—effort datasets
e National connectivity mapping integration within marine advisories
e Incident and near-miss reporting mandates
o Confidence-scored alert protocols
o Tiered urgency classification in advisory dissemination
Advisories evolve from forecast broadcasting toward calibrated decision intelligence governed

by measurable validation standards.
2. Harbour Infrastructure and Nearshore Governance

Field signals confirm that risk extends into harbour entry and landing operations.

Marine Fisher Folk (n = 339) report nearshore governance stress:
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Port / Crowding Impact Theme Mentions Percentage ‘

More vessels near fishing areas 177 52.2%
Dredging / coastal construction impacts 146 43.1%
Expanded restricted zones 136 40.1%
Bright port lights affecting fishing 51 15.0%

Policy strengthening includes:
e Harbour vulnerability mapping
e Congestion-sensitive docking protocols
e Breakwater reinforcement in vulnerable zones
o Corridor-aware regulation of vessel density
e Structured nearshore enforcement coordination

Harbour intelligence becomes embedded within marine advisory frameworks.

3. Environmental Governance Integration

Pollution perception and ecological stress signals are widespread.

Marine Fisher Folk responses (n = 339):

Pollution Visibility
o Often — 160 (47.2%)
e Sometimes — 119 (35.1%)
e Rarely — 34 (10.0%)
e No—19(5.6%)
e Not sure — 5 (1.5%)

Observed Pollution Types

Pollution Type Mentions Percentage

Plastic waste ' 267
Sewage / dirty discharge 144 42.5%
Industrial / chemical discharge 129 38.1%
Oil / diesel pollution 112 33.0%
Algae / green water 49 14.5%
Fish market waste 48 14.2%
Dead fish incidents 33 9.7%
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Policy alignment integrates:
e SOP-based coastal waste removal
e Mangrove and estuarine ecosystem monitoring
e Industrial discharge accountability systems

e Community-linked environmental reporting channels

Environmental governance becomes structurally aligned with marine safety intelligence.

4. Digital Inclusion and Community Enablement
Machli App R&D signals (n = 172) reinforce inclusive onboarding needs:
e Training simplification demand — 72 (41.9%)
e Language / localisation demand — 49 (28.5%)
Policy support includes:
e Structured community volunteer models
e Voice-first advisory architecture institutionalisation
e Multilingual content expansion

o Assisted digital onboarding in harbour communities

Digital advisory infrastructure is positioned as public safety infrastructure requiring community-

grounded enablement.

5. Institutional Convergence for Blue Economy Stability
Marine resilience integrates ocean science, fisheries research, connectivity infrastructure,

harbour governance, environmental monitoring, and economic analytics.

A coordinated framework aligns:

e Ocean forecasting systems

e Cyclone trajectory intelligence

e Fisheries science institutions

e Harbour and maritime boards

e Connectivity and telecom mapping systems

o National fisheries bodies

o State universities as validation nodes

o Organised fisher representation platforms
The Blue Economy resilience framework embeds safety analytics, livelihood stability
modelling, environmental governance, and digital advisory interoperability within a unified

national marine intelligence system.

Reliance Foundation | INCOIS | WOSC 2026 Page 77 of 107



Chapter 16
Digital Advisory R&D — The Machli Marine Intelligence

Platform

Machli Feedback (n = 172)
This chapter analyses digital advisory feedback and outlines R&D priorities including market

intelligence integration, alert accuracy improvement, navigation guidance, and multilingual

onboarding systems.
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Chapter 16
Digital Advisory R&D — The Machli App Marine Intelligence Platform
(Machli App Digital Feedback n = 172 | Marine Fisher Folk n = 339 | Students-FGD n = 254)

From Forecast Access to Marine Confidence System

The Machli App Marine Advisory App, developed by Reliance Foundation, integrates ocean-
state forecasts powered by INCOIS and incorporates marine fisheries intelligence from the
Department of Fisheries and allied scientific institutions. The platform operates as a science-
to-community bridge, translating institutional marine intelligence into last-mile advisory

delivery for fishing communities.

Machli App functions as a Digital Advisory Research & Development platform within the
broader Marine Risk Intelligence framework. Its role within this study is distinct: it captures
structured digital feedback and feature-enhancement signals, supporting advisory evolution

without altering the core fisher and academic evidence base.

Core Functional Architecture
Machli App currently integrates:
e Multilingual advisory dissemination
e Voice-enabled communication formats
e Ocean-state forecasts and PFZ information
e Cyclone and severe-weather alerts
e Fisheries advisory information

e Structured in-app feedback capture
The platform aligns with fisher communication preferences, where 54.0% of Marine Fisher

Folk (n = 339) prefer voice-based urgent alerts. Its design supports audio-first dissemination

and structured digital interaction under varying connectivity conditions.
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R&D Enhancement Pathways
(Derived from Machli App Digital Feedback n = 172)

Digital feedback signals indicate clear next-generation feature priorities:

Feature Demand Mentions Percentage
Market price & buyer informaton 89  517%
Higher alert accuracy & timeliness 80 46.5%
Navigation & safe harbour return guidance 75 43.6%
Training videos / simplified onboarding 72 41.9%
Additional language / localisation support 49 28.5%

These signals position Machli App’s next phase as an expanded Marine Decision Support

Interface integrating:

Harbour-level nowcasting
Corridor-based connectivity logic
Offline advisory storage capability
Trip-stage reinforcement alerts
Confidence-scored risk communication

Bio-economic decision-support integration

Machli App remains structurally separate from the core dataset findings. It serves as a

calibrated innovation layer supporting advisory validation, behavioural alignment, and delivery

resilience.

Strategic Positioning within National Architecture

Machli App’s R&D evolution aligns with the National Marine Risk Intelligence Architecture by

enabling:

Advisory validation loops
Field-integrated feedback refinement
Low-connectivity corridor resilience
Multilingual and voice-first design

Integration between institutional forecasting and community decision behaviour
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Its trajectory supports transformation from information dissemination toward calibrated marine

decision intelligence.
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Chapter 17

India’s Marine Resilience Inflection Point

This chapter synthesises the national evidence and establishes the strategic inflection point

requiring transition from forecast dissemination to calibrated marine risk intelligence systems.
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Chapter 17
Closing synthesis note: The overall ‘inflection point’ discussion also reflects Annexure E (SSM

interaction) as a qualitative institutional layer, separate from the structured datasets.

India’s Marine Resilience Inflection Point
(Marine Fisher Folk n = 339 | Students-FGD n = 254 | Machli App R&D n = 172)

India’s marine fisheries are operating within a structurally shifting risk environment shaped by
climatic volatility, economic uncertainty, environmental stress, and delivery fragility. The
consolidated dataset establishes that marine vulnerability is not episodic; it is journey-based

and systemic.

The most consistent field-level operational signals include:
o Weather unpredictability / sudden sea change — 231 of 339 (68.1%)
e Cyclone or strong storm exposure — 199 of 339 (58.7%)
e Fish availability uncertainty — 182 of 339 (53.7%)
e Network connectivity usability barrier — 168 of 339 (49.6%)

Parallel academic signals reinforce structural modelling priorities:
e Governance & compliance systems — 132 of 254 (52.0%)
e Communication reliability mapping — 115 of 254 (45.3%)
e Cyclone-linked fisheries modelling — 111 of 254 (43.7%)
e Catch & effort validation datasets — 143 of 254 (56.3%)

The convergence of these signals confirms that advisory evolution requires:
e Corridor-sensitive modelling
e Harbour-level intelligence integration
o Connectivity-aware delivery architecture
o Structured validation datasets
e Bio-economic risk integration

o Institutional interoperability

Marine resilience is positioned at a strategic inflection point. The transition required is
structural: from forecast dissemination to calibrated Marine Risk Intelligence Systems that
integrate environmental analytics, economic viability modelling, digital delivery resilience, and

ground-truth validation loops.
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The 2026-2030 roadmap establishes phased implementation. The National Marine Risk
Intelligence Architecture embeds data interoperability. Policy directions align advisory reform,

environmental governance, harbour infrastructure, and inclusive digital systems.

India now stands positioned to consolidate sea voices, scientific systems, and digital
innovation into a unified National Marine Resilience Grid.
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Geographic Distribution of Survey Locations

<= Survey Locations
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Chapter 18

Annexures

This section provides the structured datasets, state-wise tables, validation frameworks, and
institutional consultation summaries that substantiate the analytical findings presented in the
main report. The annexures serve as the technical evidence base supporting the National
Marine Risk Intelligence Brief.
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Annexure A

State-Wise Participation Tables

This annexure presents the detailed state-wise distribution of Marine Fisher Folk and
Students/Researchers who participated in the structured consultations conducted between 3—
12 February 2026.
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Annexure A: State-Wise Participation Tables

Referenced in Chapters 1 & 3

A1. Marine Fisher Folk Participation (n = 339)

State Participants Percentage
Tamil Nadu 88 26.0%
Maharashtra 55 16.2%
Gujarat 37 10.9%
Odisha 34 10.0%
Karnataka 32 9.4%
Andhra Pradesh 28 8.3%
West Bengal 27 8.0%
Kerala 26 7.7%
Goa 12 3.5%
Total 339 100%

A2. Students-FGD Participation (n = 254)

State Participants Percentage ‘
Maharashtra 55 21.7%
Karnataka e 20.9%
Andhra Pradesh 34 13.4%
Odisha 34 13.4%
Gujarat 33 13.0%
West Bengal 22 8.7%
Tamil Nadu 12 4.7%
Kerala 7 2.8%
Goa 1 0.4%
J&K / Rajasthan / Tripura 3 1.2%
Total 254 100%

A3. Machli App Digital Feedback Base (n =172)
Category Respondents Percentage ‘
Digital Feedback Respondents 7 172 100%
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Annexure B

National Risk Signals & Platform Patterns

This annexure consolidates aggregated national risk indicators, advisory access patterns,
communication preferences, and platform usage trends emerging from the structured

datasets.
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Annexure B: National Risk Signals & Platform Patterns
Referenced in Chapters 4, 5, 6, 16

Hazard Exposure (n = 339)

Hazard Respondents Percentage

Cyclone / Strong Storm 199 58.7%
Heavy Rain / Flooding 128 37.8%

Advisory Usability Barriers (n = 339)

Barrier Respondents Percentage ‘
Network Connectivity 168 49.6%
Delay / Not Timely 104 30.7%
Trust / Accuracy Concerns 45 13.3%
Language Barriers 41 12.1%

Preferred Communication Channels (n = 339)

Channel Respondents Percentage ‘
Voice Call / IVR 183 54.0%
WhatsApp Voice 73 21.5%
App Notification 69 20.4%

Machli App Experience Rating (n = 172)

Rating Number Percentage }
Useful 87 50.6%

Very Useful 71 41.3%

Somewhat Useful 12 7.0%

Not Useful 2 1.2%

Reliance Foundation | INCOIS | WOSC 2026 Page 91 of 107



Machli App Feature Demand (n = 172)

Feature Mentions Percentage
Market Price & Buyer Info 89 51.7%
Higher Alert Accuracy 80 46.5%
Navigation Guidance 75 43.6%
Training Videos 72 41.9%

Reliance Foundation | INCOIS | WOSC 2026 Page 92 of 107






Annexure C

State-Level Risk & Governance Indicators

This annexure provides state-level risk differentiation, operational stress signals, advisory

constraints, and governance-linked observations across coastal regions.
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Annexure C

State-Level Risk & Governance Indicators
Referenced in Chapters 10, 11, 12, and 15

Dataset Base: Marine Fisher Folk (n = 339)

Annexure C consolidates all spatially differentiated risk indicators derived from Marine Fisher

Folk responses. It enables corridor-level comparison, state-level calibration, and governance

stress mapping. This annexure supports Chapters 10 and 11 (corridor and micro-geography

differentiation), Chapter 12 (risk convergence framework), and Chapter 15 (policy directions).

C1. Corridor-Level Risk Comparison
(Marine Fisher Folk n = 339)

Corridor Cyclone /
Sudden Sea

Change

Eastern  Corridor 177 103 (58.2%)
(WB, OD, AP, TN)
Western Corridor 125 69 (55.2%)
(MH, GA, KA, KL)
Gujarat (West- 37 27 (73.0%)

Coast Extension)

Weather & Sea-
Safety Signal

Network
Advisory

Barrier
122 (68.9%) 83 (46.9%)

83 (66.4%) 52 (41.6%)

13 (35.1%) 23 (62.2%)

This table establishes corridor-level climatic and delivery differentiation, forming the spatial

backbone for Chapter 10.

C2. State-Level Cyclone & Sea-Safety Signals
(Marine Fisher Folk n = 339)

n Cyclone / Sudden Sea

Change

Weather & Sea-

Network Advisory

Safety Barrier

Tamil Nadu 88
Maharashtra 55
Gujarat 37
Odisha 34

60 (68.2%)
35 (63.6%)
27 (73.0%)
14 (41.2%)
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20 (36.4%)
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22 (64.7%)

55 (62.5%)
26 (47.3%)
23 (62.2%)
17 (50.0%)
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State n Cyclone/Sudden Sea  Weather & Sea- Network Advisory

Change Safety Barrier
Karnataka 32 17 (53.1%) 21 (65.6%) 10 (31.3%)
Andhra 28 12 (42.9%) 18 (64.3%) 10 (35.7%)
Pradesh
West Bengal 27 17 (63.0%) 20 (74.1%) 11 (40.7%)
Kerala 26 16 (61.5%) 22 (84.6%) 13 (50.0%)
Goa 12 1(8.3%) 1(8.3%) 3 (25.0%)

These indicators support micro-geographic advisory calibration discussed in Chapter 11.

C3. Pollution Visibility Frequency
(Marine Fisher Folk n = 339)

Frequency Respondents Percentage
Often 160 47.2%
Sometimes 119 35.1%
Rarely 34 10.0%
No 19 5.6%
Not Sure 5 1.5%

Combined “Often + Sometimes” = 82.3%, indicating strong environmental stress visibility.

C4. Observed Pollution Types
(Multi-select | n = 339)

Pollution Type Mentions Percentage ‘
Plastic waste 267 78.8%

Sewage / dirty discharge 144 42.5%

Industrial / chemical discharge 129 38.1%

Qil / diesel pollution 112 33.0%

Algae / green water 49 14.5%

Fish market waste 48 14.2%

Dead fish incidents 33 9.7%
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C5. Port Crowding & Dredging Impact Signals
(Marine Fisher Folk n = 339 | Multi-select)

Port / Crowding Indicator Mentions Percentage
More vessels near fishing areas 177 52.2%
Dredging / coastal construction impacts 146 43.1%
Expanded restricted zones 136 40.1%
Bright port lights affecting fishing 51 15.0%

This governance signal cluster directly supports Chapter 15 (Policy Directions).
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Annexure D
Students-FGD Research & Validation Architecture

This annexure outlines the research priorities, modelling gaps, and validation datasets
identified by students and researchers, forming the academic foundation for a structured

Marine Risk Intelligence Architecture.

Reliance Foundation | INCOIS | WOSC 2026 Page 98 of 107



Annexure D

Students-FGD Research & Validation Architecture
Referenced in Chapters 7, 8, 9, 13, and 14
Dataset Base: Students-FGD (n = 254)

Annexure D consolidates all modelling, validation, and technology-readiness signals derived
from academic consultations. It anchors Chapters 7-9 and provides the scientific basis for
Chapters 13 and 14.

D1. Most Urgent Research Gaps

(Students-FGD n = 254)

Research Gap Mentions Percentage ‘
Governance & compliance behaviour systems 132 52.0%
Communication reliability mapping 115 45.3%
Cyclone-linked fisheries risk modelling 111 43.7%
Fisheries multi-source data integration 141 55.5%
Harbour-level risk models 81 31.9%
PFZ performance evaluation studies 82 32.3%

D2. Missing Validation Datasets

Dataset Gap Mentions Percentage ‘
Trip-level catch & effort logs 143 56.3%
Incident / safety records 95 37.4%
Corridor-level network coverage maps 115 45.3%
Harbour-level sea condition observations 65 25.6%
Fuel use & trip distance logs 51 20.1%

D3. Technology Mapping to Research Priorities

Technology Area Mentions Percentage

Al / ML modelling 190 74.8%
Remote sensing integration 164 64.6%
GIS spatial mapping 161 63.4%
GeoAl integration 148 58.3%
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D4. State-Wise Academic Priority Matrix

(Condensed summary; full matrix included in Chapter 8)

Governance Connectivity Cyclone Harbour

Priority Mapping Modelling Models

Karnataka 58.9% 50.0% 41.1% 33.9%

Andhra 47.1% 47 1% 52.9% 38.2%
Pradesh

Odisha 58.8% 50.0% 61.8% 38.2%

Gujarat 65.6% 46.9% 28.1% 15.6%

West Bengal 54.5% 45.5% 45.5% 31.8%

Tamil Nadu 54.5% 72.7% 27.3% 36.4%

Kerala 33.3% 50.0% 0% 33.3%
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Annexure E
Maharashtra & Goa Organised Fisher Institutional

Consultation

This annexure documents structured institutional consultation inputs from Maharashtra and
Goa, including governance dynamics, enforcement perspectives, harbour infrastructure
concerns, and environmental management observations. These qualitative insights

complement the structured survey dataset.

Reliance Foundation | INCOIS | WOSC 2026 Page 102 of 107



Annexure E
Maharashtra & Goa Organised Fisher Institutional Consultation

(Sagari Seema Manch — Institutional Interaction)

Referenced in Chapter 15: Policy Directions for a Resilient Blue Economy

Nature of Evidence: Qualitative Institutional Consultation

Dataset Status: Not part of structured survey dataset (n = 339).

E1. Institutional Representation & Regional Scale

This consultation was conducted with representatives of Sagari Seema Manch (SSM), an
organised platform representing traditional marine fishing communities across the

Maharashtra—Goa coastal belt.

The consultation reflects consolidated inputs from organised nearshore-dependent fishing

groups.

Representation Scale (Pratinidhitva Base)

Representation

Mumbai 580
Raigad 200
Ratnagiri 450
Sindhudurg 600
Goa 150
Total Representation Base 1,980

Interpretation: This institutional layer represents nearly 2,000 organised fishers across major
west-coast districts. The consultation therefore reflects structured collective perspectives
rather than individual-level responses.
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E2. Nearshore Governance & Enforcement Stress

Institutional inputs emphasised regulatory and operational pressure in nearshore zones.

Key Themes
Fishing traditional fishing zones
Enforcement Gaps Action perceived only when illegal gear is physically seized
Maritime Boundary Frequent inter-state operational friction
Tensions
Regulatory Need for layered enforcement coordination across agencies

Consistency

Consolidated Governance Signal
¢ Nearshore intrusion by mechanised and light-assisted vessels.
o Perceived enforcement inconsistency affecting compliance credibility.
e Operational stress from maritime boundary overlaps.
o Demand for coordinated enforcement between Fisheries Department, Coastal Police,

Coast Guard, and Maritime Boards.

This reinforces Chapter 15’s emphasis on governance alignment within marine resilience

policy.

E3. Landing Infrastructure & Operational Safety Constraints

Institutional representatives highlighted infrastructure inequality and safety exposure at

harbour and creek (khadi) levels.

Infrastructure & Access Themes

Domain Institutional Concern

Jetty Access Perceived inequity for small traditional operators
Breakwater Demand for protective structures in vulnerable khadi zones
Infrastructure

Harbour Congestion Simultaneous vessel returns creating docking risk
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Mechanised Support Need for hauling and landing technology to reduce physical
strain
Operational Insight
o Smaller operators face access disadvantage in structured harbour facilities.
o Creek-based geographies remain structurally vulnerable during monsoon turbulence.

o Docking and landing-stage risk forms part of livelihood vulnerability.

This aligns directly with the harbour-level modelling priorities in Chapters 10 and 15.

E4. Livelihood Viability & Economic Pressures

Organised fisher inputs reflect structural economic stress beyond weather exposure.

Economic Stress Signals

Institutional Concern

Fuel Cost Rising diesel burden affecting trip viability
Declining Yields Reduced catch volumes driving livelihood instability
By-Catch Burden Labour-intensive removal increasing time and cost
Fisheries Census Demand for updated and independent enumeration

Livelihood Interpretation
e Fuel economics significantly shapes departure decisions.
e Yield decline pressures occupational continuity.
e Trust deficit in census data affects policy confidence.

e Migration from traditional fishing emerging as structural risk.

These themes support Chapter 15’s bio-economic policy direction.
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E5. Scheme Access & Institutional Interface Gaps

Organised representatives highlighted administrative friction affecting scheme access.

Administrative Concerns

Institutional Input

PM Matsya Sampada Yojana (PMMSY) Documentation complexity limiting access

Licensing Procedural delays and bureaucratic timelines
Compliance Perceived complexity for small operators
Community Platforms Decline in active unified fisher collectives

Governance Implication
e Scheme complexity may unintentionally exclude marginal fishers.
e Licensing timelines affect operational continuity.
e Community-level representation platforms require revitalisation.

e Structured policy consultation channels needed.
This layer strengthens Chapter 15’s regulatory reform focus.
E6. Safety, Technology & Digital Enablement Needs
Institutional participants expressed readiness for structured safety technology integration.

Safety System Priorities

Domain Institutional Input

Distress Alert Transmitters (DAT) Wider deployment and awareness required

GPS Vessel Mapping Structured registration and tracking needed
SOS Training Practical drills and crew readiness
Volunteer Model Harbour-level community safety facilitators

Safety Interpretation
e Technology adoption willingness exists.
e Training and institutional coordination required.
e Harbour-level volunteer systems can strengthen response readiness.

o Safety architecture must combine digital systems and physical enablement.
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E7. Coastal Environmental Governance Concerns

Environmental governance themes were repeatedly emphasised as operational risk

multipliers.

Environmental Monitoring Themes

Domain Institutional Concern

Plastic Waste Need for Standard Operating Procedures for removal
Creek (Khadi) Pollution = Structured clean-up mechanisms required
Mangrove Protection Awareness and conservation strengthening

Industrial Monitoring Gas/oil leakage vigilance near ports and industrial zones

Environmental Interpretation
o Pollution perceived as affecting fish availability and ecosystem stability.
¢ Mangrove and creek systems require local stewardship.
¢ Institutional monitoring and complaint channels need strengthening.

o Environmental governance directly influences advisory credibility.
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Annexure F: Marine Fisherfolk Survey Instruments (Multi-Language Formats)

This annexure contains the structured feedback forms administered to Marine Fisherfolk
across nine coastal states in English, Tamil, Telugu, Marathi, Odia, Bengali, Kannada,
Malayalam, and Gujarati. These instruments formed the primary field-level data collection
tools for marine safety, risk perception, and livelihood assessment.
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BASIC PARTICIPANT PROFILE

Do you agree to share basic details for research and event documentation? *:
O Yes O No

Your name will NOT be published.

PARTICIPANT CATEGORY

Which best describes you? *:
O Marine fisher — boat owner

O Marine fisher — crew member

O Women in post-harvest work

O Harbour / auction / ice / transport worker
O Mechanic / repair / support service

O Student / researcher

O Government / institution

O Other

Please select any one option

LOCATION

State *:|

Please enter your State name here

District *:

Please enter your district name here

Harbour / Landing Centre Name *:|

Please enter your harbour / landing centre name here



FISHING ZONE

Which zone do you mostly work in? *:
O Nearshore (0-5 km)

O Mid-sea (5-20 km)
O Offshore (20+ km / multi-day)
O Not applicable / Not sure

Please select any one option

FISHING EXPERIENCE

How many years have you been involved in fishing or fish-related work? *:
O Less than 5 years

O 5-10 years
O 10-20 years
O More than 20 years

Please select any one option

MARINE FISHER FOLK - EXPERIENCE & ISSUE CAPTURE

MAIN PROBLEMS

What Problems Do You Face Most? *:
(J Weather & Sea Safety

[J Cyclone / Sudden Sea Change

(J Fish Availability Uncertainty

(J Fuel & Trip Cost High

(J Market Price / Buyer Problem

(J Tce / Cold Storage Problem

(J Harbour / Landing Centre Problem
(J Network / Communication Failure
[J Boundary / Arrest Fear (IMBL)

(J Light Fishing Conflict (LED)



(J Rules / Compliance Confusion

(J Accidents / Rescue Delay

(J Gear Damage / Net Loss

(J Port/ Shipping / Construction Disturbance
(J Pollution Near Harbour or Sea

() Other

Max Choice allowed: 4

Please select a maximum of 4 options based on your recent fishing experience.

WHEN IT HAPPENS

When Does Your Biggest Problem Happen Most? *:
O Specific months

O Monsoon season
O Winter season
O Summer season

O Throughout the year

Please select any one option

HOW OFTEN

How Often Does It Affect You? *:
O Rarely

O Sometimes
O Often
O Almost every trip

Please select any one option

IMPACT ON LIFE

What Happens Because of This Problem? *:
(J Income loss

(J Trip cancelled
(J Safety fear
(J Debt increases

[J Crew problems



(J Boat damage / repair loss

(J Family stress

Max Choice allowed: 3

Please select a maximum of 3 options.

EVIDENCE FROM EXPERIENCE

What Proof Matches Your Experience? *:
(J Catch reduced compared to earlier

(J Fishing days reduced

[J Costs increased sharply

[J Safety incident or near-miss
(J Conflicts increased

[J Quality loss / delay to market
[J Legal trouble or fear

(J Other

Max Choice allowed: 3

Please select a maximum of 3 options.

INFORMATION GAP BEFORE GOING TO SEA

Before Leaving Harbour, What Do You Need Most? *:
(J Wind and rain timing

(J Wave / sea roughness

(J Fish location advice (PFZ)
(J Cyclone early warning

[J Safe route guidance

(J Boundary clarity

(J Network expectation

(J Market price signals

(J Harbour entry/exit safety

Max Choice allowed: 3

Please select a maximum of 3 options.

OFFSHORE BARRIERS



If You Want to Go Offshore, What Stops You? *:
(] Boat not suitable

[J Safety kit not sufficient

(J Rescue support not reliable
(J Insurance problems

(J Crew not trained

(J Ice / storage not enough

(J Offshore price not assured

(J Governance / penalty fear
Max Choice allowed: 3

Please select a maximum of 3 options.

SEA CHANGES NOTICED

Changes You Notice in the Sea (Last 3—5 Years) *:
(J Sea feels hotter

(J Wind becomes sudden strong
(J Waves rougher than before
(J Fish season timing changed
(J Fish size reduced

(J New or unusual fish seen

() Not sure / no change
Max Choice allowed: 3

Please select a maximum of 3 options.

Which months are becoming difficult? *:
O January

(J February
(J March

UJ April

(J May

(J June

(J July

(J August

(J September
(J October



() November
(J December

Max Choice allowed: 3

Please select a maximum of 3 options.

HARBOUR & VILLAGE HAZARDS

Hazards *:
(J Cyclone / strong storm

[J Flooding during heavy rain
(J Sea water entering houses
(J Coast erosion

(J High tide entering harbour
(J Heatwave on coast

(J None / Not sure

(J Select all

Max Choice allowed: 4

Please select a maximum of 4 options.

Biggest loss during hazard *:
O Boat or gear damage

O Lost fishing days

O Market / auction stops
O Ice/ cold chain breaks
O House or village damage

O Injury or life risk

Please select any one option

POLLUTION & SEA DISTURBANCE

Do you see pollution? *:
O Often

O Sometimes
O Rarely

O No

O Not sure



Please select any one option

What type? *:

(J Plastic waste

(J Oil / diesel smell

() Sewage / dirty discharge

(J Factory / chemical discharge
(J Fish market waste

(] Algae / green water

(J Dead fish incidents

(J Not sure

Max Choice allowed: 3

Please select a maximum of 3 options.

Sea area crowding / port impact *:
[J More ships close to fishing area

(J Dredging or coastal construction
(J Restricted zones increased

(J Bright port lights affect fishing
Max Choice allowed: 2

Please select a maximum of 2 options.

INFORMATION PREFERENCE & SUBMIT

How Do You Prefer to Receive Important Messages? *:
O WhatsApp text/image

O WhatsApp voice message
O Voice call / TVR

O App notification

O sMS

O Harbour announcement

Please select any one option

Machli App Status *:
O Use regularly

O Use sometimes
O Downloaded but not using

O Not downloaded yet



Please select any one option

If not using, can you start within 7 days? *:
O Yes

O No
O Need support

Please select any one option

What Makes Advisories Hard to Use? *:
(J Language problem

[J Message too long

[J Comes late

(J Not trusted

(J Network problem

(J Maps hard to understand
(J Other

Max Choice allowed: 2

Please select a maximum of 2 options.
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Annexure G: Students and Researchers Consultation Format (English)

This annexure presents the structured discussion and feedback format used for Fisheries and
Maritime Students/Researchers. The instrument supported academic, technological, and

policy-oriented inputs integrated into the National Marine Risk Intelligence Brief 2026.



2 Reliance
-~ Foundation

WOSC 2026 - Fisheries Student FGD

Basic Participant Profile

Do you agree to share basic details for research planning and event documentation? *:
O Yes O No

Your name will NOT be published.

Participant Type

Which best describes you? *:
O UG student

O PG student

O PhD / Doctoral scholar

O Research staff/ Project staff
O Faculty / Scientist

O Other

Please select any one option

Institution Details

College / University / Institute Name *;| |

Please enter your institute / organization name

State *:|

P]L"JSC enter your state name

Coastal region of study / interest *:

Please enter your Coastal region of study

Specialisation *:
O Fishing Technology

O Marine Fisheries Resource Management



O Oceanography / Marine Biology
O Fisheries Economics / Marketing
O Post-harvest Technology

O Aquaculture (marine)

O Climate / Disaster / Coastal studies

O Other

Please select any one option

Field Interaction with Marine Fisherfolk *:
O Yes (fieldwork / FGD)

O Yes (internship)
O No (only academic)

Please select any one option

Poorly Solved Marine Fisheries Problems

Which marine fisheries problems are still poorly solved today? *:
() Weather forecast accuracy Forecasts are not reliable at local fishing levels

(J PFZ relevance Fish location advisories do not match actual catch

() Offshore safety Lack of tools to assess offshore trip risk

(J Climate change impact Unclear effect of climate change on fish and fishing

(J Cyclone impact prediction Difficult to predict disruption and recovery after cyclones
[J Gear efficiency & sustainability Gear not optimised or eco-friendly; bycatch issues

() Post-harvest losses Quality loss due to handling, ice, storage gaps

(J Market inefficiency Price variation, middlemen, poor transparency

(J Governance & compliance Rules complex, poorly communicated, unclear enforcement
[J Fisheries data gaps Lack of reliable, continuous catch/effort/harbour data

(J Select all

Max Choice allowed: 4

Please select maximum 4 options based on your studies or field exposure

Research Areas Lacking Data / Models

Which research areas lack good data or models? *:
() Harbour-level risk models Predict waves/tides/wind congestion and entry/exit hazards

(J Fish stock movement prediction Predict where fish move over time and seasons



(J Climate-catch relationship How climate and weather affect catch and effort

(J Cyclone impact models Predict fishing day loss and livelihood impact by location

(] Human safety & behaviour models Why risk-taking happens; behaviour during hazards

(J Market—quality linkage How handling/quality affects price and demand

(J Multi-source data integration Combine satellite + IMD/INCOIS + harbour + catch + field data
(J Select all

Max Choice allowed: 4

Please select maximum 4 options

Technology Can Help in 3-5 Years

Where can technology realistically help in the next 35 years? *:
(] Artificial Intelligence (AI/ML) Prediction, pattern detection, decision support

(J GIS mapping Risk layers, zoning, harbour and route mapping

(J Remote sensing Satellite ocean/weather monitoring (SST, chlorophyll, etc.)
() GeoAlI (Spatial + Al) Location-based risk scoring and hotspot detection

() Mobile platforms Apps for fishers and agencies

() Low-bandwidth / offline systems Works even with poor network

(J Decision dashboards Visual tools for planners and administrators

(J Select all

Max Choice allowed: 4

Please select maximum 4 options

Problem Areas Poorly Addressed

Which problems remain poorly solved today? *:
(J Local weather reliability for fishers Local wind/wave reality differs from forecast

() Sea-state / wave decision tools (harbour go/no-go) No simple harbour-level indicator for
entry/exit safety

[J PFZ relevance and trust PFZ advice does not match catch outcomes consistently

(J Cyclone disruption prediction & recovery planning No clear local recovery planning after
cyclones

[J Offshore safety & SAR readiness gaps Safety support and rescue readiness is weak
[J Boundary/IMBL risk and communication Awareness tools and communication are insufficient
(J Post-harvest loss & quality drop Ice, handling, storage and grading gaps

(J Market price instability & poor transparency Large daily variation; low fisher bargaining power



(J Tllegal / unsustainable practices (light fishing etc.) Conflicts and ecological impacts not
controlled well

[J Fisheries data gaps (catch/effort, spatial, harbour-level) No standard continuous data streams

(J Select all

Max Choice allowed: 4

Please select maximum 4 options

Most Urgent Research Gaps

Which research gaps are most urgent? *:

(J Harbour-level risk models Predict risky conditions at a specific harbour using wind/waves/tides
and entry/exit hazards

(J Micro-forecast validation Check if forecasts match nearshore and fishing ground reality
(J PFZ performance evaluation Measure if PFZ improves catch or saves fuel in real conditions
(J Offshore corridor & route optimisation Safer and fuel-efficient routes using wind/waves/currents

(J Cyclone-linked fisheries risk models How cyclones affect fishing days, harbour damage,
livelihood loss by location

[J Safety readiness & incident modelling Analyse accident patterns and minimum safety kit needs
() Communication reliability mapping Where mobile/VHF works or fails; best protocols

(J Tuna/offshore species value-chain research Quality, icing, grading, buyer linkage and price
stability

[J Governance & compliance behaviour studies Why rules are misunderstood; how to build trust

(J Fisheries multi-source data integration Combine satellite + IMD/INCOIS + harbour + catch +
fisher observations

Max Choice allowed: 4

Please select maximum 4 options based on rank wise (First selection will most urgent)

Tech Mapping for Your Top Gap

For your top research gap, which tech can help? *:
(J AI/ML (prediction, patterns)

(J GIS mapping (spatial layers, zoning)
() Remote sensing (satellite variables)
[J GeoAl (spatial + Al scoring)

(J Mobile platforms (delivery to users)
() Low-bandwidth / offline systems

(J Dashboards for agencies

() Select all



Max Choice allowed: 4

Please select maximum 4 options

What Data is Missing Most?

What data is missing most? *:
() Harbour-level sea condition observations

[J Incident / safety records (near-miss, losses)

(J Catch & effort logs (trip-level)

(J Fuel use and trip distance

(J Market price / quality data

(J Satellite ocean parameters (SST, chlorophyll etc.)
(J Network coverage at sea

(J Boundary / zone clarity datasets

[J Cyclones / strong storms

(J Other

Max Choice allowed: 3

Please select maximum 3 options

Coastal Hazards & Community Impacts

Which hazards are most serious in your coastal region? *:
(J Flooding in harbour/coastal villages

(J Coast erosion

(J Sea water entering wells/land (salty water problem)
() Heatwaves on coast

(J Tsunami risk awareness

(J Not sure

(J Local early warning (harbour-level)

Max Choice allowed: 3

Please select maximum 3 options

What is most missing today? *:

O Safer harbour planning (entry/exit, shelter)
O Post-disaster support planning for fishers

O Data to estimate losses properly



O Plastic waste

Please select maximum 1 option
Water Quality, Pollution & Fish Quality

In your study area, which pollution is common? *:
[J Sewage discharge

(J Oil/port pollution

(J Industrial discharge

() Harmful algae / dirty water blooms

UJ Fish kill events

(J Not sure

L] Select all

(J Simple monitoring method near harbours
Max Choice allowed: 2

Please select maximum 2 options

Which research is urgently needed? *:
(J Link between pollution and fish catch/quality

() Safe waste management models for landing centres
(J Community reporting system (crowd reporting)

(J Harbour go/no-go indicator (green/yellow/red)

Max Choice allowed: 2

Please select maximum 2 options

Winds/Waves/Currents & Fisher Decision Needs

What should be improved for fisher decision-making? *:
(J Short-term wave forecast accuracy

(J Current/wind route guidance for fuel saving
(J Fog/visibility warnings

[J Local language + audio advisories

[J Fishing zones reduced due to restricted areas

Max Choice allowed: 3

Please select maximum 3 options



Ports, Shipping & Coastal Development Impacts

Which issues are common near ports/coastal infrastructure? *:
(J Net damage / accident risk from vessels

(J Dredging affects fish/catch

[ Harbour congestion and safety issues

(J Market chain changes due to port activity
(J Not sure

(J Select all

(J Boundary/IMBL risk and awareness tools

Max Choice allowed: 4

Please select maximum 4 options

Security, Governance & Compliance

Which governance challenge needs study? *:
() Fair and clear enforcement communication

(J Emergency communication protocols (who to call, how fast)
(J Trust and data privacy concerns (who sees fisher data)
[J WhatsApp information + feedback

Max Choice allowed: 2

Please select maximum 2 options

Low-cost / Tier-3 Friendly Solutions

What kind of solution is most realistic for fishers? *:
[J Voice/IVR advisory system

(J Simple app with offline mode

(J Harbour display board / speaker announcements
(J Local volunteer “sea information support group”
[J Field survey / data collection

Max Choice allowed: 2

Please select maximum 2 options

Which area can you contribute to? *:
O Simple data analysis (Excel)



O GIS mapping (basic)
O App testing and user feedback

O Documentation / report writing

Please select maximum | option
Optional Insight

If you had access to better data/tools, what would you research differently? *:

I |

Optional but recommended

- ED




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: Kozhikode, Thiruvananthapuram
Academic Institutions:* School of Industrial Fisheries, Cochin University of Science and Technology (CUSAT), Ernakulame

Kerala University of Fisheries and Ocean Studies (KUFOS), Kannur




West Bengal

From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Location: South 24 Parganas

Academic Institution: School of Maritime Studies, The Neotia University, South 24 Parganas




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: Nagapattinam, Ramanathapuram, Thoothukudi, Tirunelveli
Academic Institutions:* Dr. M.G.R Fisheries College, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Nagapattiname

Fisheries College & Research Institute, Tamil Nadu Dr. J. Jayalalithaa Fisheries University, Thoothukudi




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: North Goa, South Goa

Academic Institution: Goa University, North Goa




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Location: Astaranga, Puri
Academic Institution: College of Fisheries, Odisha University of Agriculture & Technology,

Rangeilunda, Ganjam




Andhra Pradesh

From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Location: Kakinada

Academic Institution: Department of Fisheries Engineering, Andhra Pradesh Fisheries University, Nellore




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: Karwar, Uttara Kannada

Academic Institution: Karnataka Veterinary, Animal and Fisheries Sciences University (KVAFSU), Mangalore




From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: Veraval, Mangrol, Porbandar

Academic Institution: College of Fisheries Science, Kamdhenu University, Veraval




Maharashira

From Sea Voices to Science Systems:
Field Evidence and Research Partnership

Marine Fisherfolk Locations: Palghar, Ratnagiri, Sindhudurg
Academic Institution: College of fisheries ,shirgaon, Dr. Balasaheb sawant Konkan Krishi Vidyapeeth,

Dapoli, Ratnagiri
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