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Course Aim & Learning Objectives

Course Aim You Will Be Able To:

To explain how climate change intensifies marine pollution and to 1. Explain the relationship between climate change and marine

present adaptive prevention strategies that reduce environmental pollution

risks, protect marine ecosystems, and strengthen coastal resilience. 2. Identify how warming, sea-level rise, storms, and ocean
acidification influence pollutant behavior

3. Understand the combined impacts on marine ecosystems

4. Describe adaptive prevention strategies for coastal areas, cities,
industries, and communities

5. Propose integrated solutions linking climate adaptation, pollution

prevention, and sustainable development




CHAPTER 1

Introduction: Climate Change and Marine Pollution as

Connected Crises

Oceans as Dual Actors

Oceans regulate Earth's climate by absorbing heat and CO,, yet
simultaneously serve as the ultimate sink for terrestrial and
atmospheric pollution — a duality that creates compounding

vulnerabilities.

Cumulative Pressures

Marine pollution and climate change act as mutually reinforcing
crises. Together, they degrade ecosystem function at a pace far

exceeding either stressor in isolation.

Modified Pollution Pathways

Climate change does not merely add to existing stressors — it
fundamentally alters the routes, intensity, and fate of pollutants

entering marine environments, accelerating their spread and toxicity.

Prevention & Resilience

Addressing these twin crises demands proactive prevention,
science-based adaptation, and investment in the resilience of coastal

communities and marine habitats.



Climate Change and Marine Pollution: Why They Are Connected

Warmer

Oceans:
Degraded Accelerated E)i(:trem?
Ecosystems: reactions & orms:
Less resilient toxicity. Flush land

pollutants

to stressors.
to sea.

il Climate- =
Less resilient \ Pollution Expose coastal

Nexus contaminants

to stressors.

Changed
Currents:

Redistribute Acidification:
plastics & Alter
chemicals. bioavailability.

The relationship between climate change and marine pollution is bidirectional and self-reinforcing. Climate-driven physical and chemical changes in the ocean alter how pollutants behave,
where they accumulate, and how severely they affect marine life and human health. Understanding this nexus is the foundation for effective environmental governance.



CHAPTER 2

Main Climate Change Drivers Affecting Marine Pollution

V4

Rising Ocean Temperatures

Warmer waters alter chemical kinetics, increase biological oxygen demand, and
expand the geographic range of heat-sensitive pollutant interactions.

%

Intense Storms

More frequent and powerful storm events dramatically increase land-to-sea
transport of plastics, sewage, agricultural chemicals, and sediment-bound
pollutants.

X

Precipitation & River Discharge

Changing rainfall regimes intensify agricultural and urban runoff, increasing nutrient
loading, sediment flux, and pesticide delivery to coastal zones.

>

Sea-Level Rise & Flooding

Inundation of low-lying coastal zones mobilizes legacy contaminants from landfills,
ports, and industrial brownfields into nearshore waters.

PR
AAANAL

Ocean Acidification

Declining ocean pH alters the speciation and bioavailability of heavy metals and
other toxicants, increasing their uptake by marine organisms.

©

Deoxygenation & Circulation Changes

Oxygen depletion in stratified waters creates dead zones, while altered circulation
patterns redistribute pollutants across ocean basins.



Climate Change Drivers Affecting Oceans
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Each climate driver operates on different spatial and temporal scales, but their combined effect on marine pollution pathways is profoundly destabilizing to coastal and open-ocean
ecosystems.



Sea-Level Rise, Storms, and Coastal Flooding

Sea-Level Rise Coastal Erosion

Global mean sea level has risen approximately 20 cm since 1900, with Erosion of shorelines undercuts infrastructure such as ports, marinas,
acceleration expected to continue. In coastal zones, this inundates land and industrial sites, exposing contaminated sediments and releasing
containing contaminated industrial sediments, legacy waste sites, and bound pollutants — including heavy metals, persistent organic pollutants
agricultural soils — flushing accumulated pollutants directly into (POPs), and hydrocarbons — into the water column.

nearshore marine environments.

Intensifying Storm Surges /N Low-lying deltaic regions and small island states face
disproportionate exposure to these compounding flood-and-
Warmer sea surface temperatures fuel more intense tropical cyclones, contamination risks.

generating storm surges that can penetrate tens of kilometers inland,
mobilizing decades of accumulated waste, chemicals, and sewage in a

single event.



Ocean Warming, Acidification, and Deoxygenation

“ Ocean Warming

The ocean has absorbed over 90% of excess
anthropogenic heat. Elevated temperatures
accelerate the degradation of some pollutants
while intensifying the toxicity of others —
particularly metals and organic compounds —
on ectothermic marine species already under
thermal stress.

Ocean Acidification

CO, absorption has reduced mean ocean
pH from 8.2 to 8.1 — a 26% increase in
acidity. This fundamentally changes metal
speciation, making copper, lead, and
cadmium more bioavailable and toxic, and
impairing the carbonate chemistry that
shellfish and corals depend upon.

Deoxygenation

Warmer, more stratified oceans hold less
dissolved oxygen. Oxygen minimum zones
(OMZs) are expanding, creating hypoxic
environments where pollutant toxicity is
amplified, organic matter decomposition
releases additional nutrients, and fish and
invertebrate habitat is critically
compressed.



War Impact on Marine Pollution

Armed Conflict as a Marine Pollution Multiplier Key Pollution Sources

Military conflicts in and around coastal and marine environments e Sinking of warships and fuel vessels — oil and fuel leakage into
generate acute and long-lasting pollution events. Sunk vessels, fuel marine sediments

spills, munitions discharge, and destruction of industrial infrastructure e  Destruction of coastal industrial plants — release of stored
release hydrocarbons, heavy metals, and persistent toxic compounds chemicals and heavy metals

directly into marine systems. e Unexploded ordnance on seabeds — long-term leaching of TNT,
RDX, and heavy metals

Climate change compounds war-related pollution by accelerating

e  Wastewater infrastructure collapse — raw sewage and pathogens

sediment remobilization, flooding munitions stockpiles, and weakening )
entering coastal waters

the institutional ity of affected states t dt . :
€ Ihstttional capacity or arfected states 1o respond 1o e Refugee crises and informal settlements — increased solid waste

environmental emergencies. . ..
and plastic pollution in nearshore zones

(®*) The Black Sea and Eastern Mediterranean have documented
acute pollution events linked to recent armed conflicts, with
long-term ecological consequences still being assessed.




CHAPTER 3

How Climate Change Increases Marine Pollution Risks
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Storm & Flood Mobilization

Floods and storms act as conveyor belts — transporting waste, plastics, sewage, fertilizers, oils, and chemicals from land into coastal and open-ocean
environments at vastly accelerated rates.

Erosion of Contaminated Sites

Coastal erosion exposes and releases pollutants from old landfills, industrial brownfields, port facilities, and contaminated sediments that were previously stable
and below water.

Temperature-Driven Toxicity

Higher seawater temperatures can increase the metabolic uptake rates of contaminants in marine organisms, elevating tissue concentrations and cascading
toxicity through food webs.

Agricultural & Urban Runoff

Altered precipitation patterns — including both intensified rainfall events and prolonged droughts followed by deluges — increase nutrient and pesticide loading
from agriculture and urban surfaces.

Wastewater System Overload

Combined sewer systems and treatment plants can be overwhelmed during extreme weather events, discharging raw or partially treated wastewater directly into
rivers and coastal waters.



Pollution Pathways Intensified by Climate Change
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Climate change does not create new pollution sources but dramatically amplifies the connectivity between terrestrial pollution reservoirs and the marine environment — shortening transport
times, increasing volumes, and widening the geographic footprint of contamination events.



Extreme Weather and Pollutant Mobilization

Hurricanes and Typhoons

Tropical cyclones of Category 3 and above can mobilize enormous
qguantities of terrestrial pollutants in a matter of hours. Storm surges
carry raw sewage, agricultural runoff, industrial chemicals, and solid
waste into estuaries and nearshore reefs, causing pollution events that

persist for weeks or months after the storm passes.
River Flooding

Extreme precipitation events overwhelm river systems, transporting
large volumes of sediment-bound pollutants — including pesticides,
pharmaceuticals, and heavy metals — from catchments hundreds of
kilometers inland to coastal and estuarine receiving waters.

Flash Floods in Urban Zones

Urban flash floods overwhelm stormwater infrastructure, picking up
plastic waste, vehicle fluids, construction chemicals, and pathogen-laden
surface runoff. These pollutant mixtures reach marine environments
rapidly, often bypassing treatment entirely.

(@) Post-hurricane water quality studies in the Gulf of Mexico
consistently document 10-100x increases in fecal coliform
concentrations in nearshore waters within 48 hours of landfall.



Urban Runoff, Wastewater Overflow, and Coastal
Contamination

Combined Sewer Overflows Agricultural Nutrient Runoff Urban Plastic & Chemical Pollution
During intense rainfall, combined sewer Intensified rainfall mobilizes nitrogen and Storm events flush vast quantities of plastic
systems mix stormwater with raw sewage, phosphorus from fertilized fields, driving debris, microplastics, polycyclic aromatic
causing overflow directly into waterways. eutrophication in coastal waters. This nutrient hydrocarbons (PAHSs), and pharmaceutical
Climate change is increasing both frequency loading fuels harmful algal blooms and hypoxic compounds from urban catchments into

and volume of these events, with profound dead zones, particularly in enclosed or semi- estuaries and coastal waters, where they persist
implications for coastal water quality and public  enclosed seas. and bioaccumulate.

health.



CHAPTER 4

Combined Impacts on Marine Ecosystems and Human

Communities

Coral & Habitat Loss Biodiversity Stress Harmful Algal Blooms

Combined thermal stress and chemical Fish, shellfish, and marine invertebrates Warmer temperatures and nutrient loading

pollution accelerate coral bleaching and face simultaneous pressure from warming create ideal conditions for toxic algal

mortality, eliminating habitat that supports waters, acidification, hypoxia, and elevated blooms (HABs), which produce shellfish

approximately 25% of all marine species. contaminant exposure — stressors that toxins and generate hypoxic conditions
compound in non-linear ways. fatal to fish and invertebrates.

Bioaccumulation

Under changing thermal and chemical conditions, heavy metals and
persistent organic pollutants bioaccumulate more rapidly through
marine food webs, reaching concentrations hazardous to top

predators and human consumers.

Coastal Vulnerability

Fishing-dependent coastal communities face converging threats:
declining fish stocks, contaminated seafood, infrastructure damage,
and loss of tourism revenue — disproportionately affecting lower-

income populations.



Ecosystem Impacts: From Reefs to Open Ocean

Coral reefs — mass bleaching, structural
/ collapse, habitat loss.

Coastal habitats — mangroves, seagrass beds, salt

marshes degraded by pollution and iea-level rise.

Pelagic ecosystems — zooplankton com\munity shifts,

jeI/Iyﬁsh proliferation, fish stock redistribuAtion.

g . .. N
Deep sea — expanding oxygen minimum zones,

accumulation of microplastics and persistent organic pollutants.

Microbial communities — altered decomposition cycles,
pathogen proliferation, reduced resilience across all levels.

The ecological consequences of combined climate change and marine pollution cascade across all ocean zones and trophic levels. Once ecosystem thresholds are crossed, recovery can take
decades — underscoring the urgency of preventative action over remediation.



Food Chains, Seafood Safety, and Human Health

Bioaccumulation in Marine Food Webs Human Health Risks

Contaminants such as methylmercury, PCBs, dioxins, and microplastics e  Neurotoxicity: Mercury exposure through contaminated fish is a
enter marine food webs at the base — absorbed by phytoplankton and leading cause of neurological damage, particularly in children and
zooplankton — and biomagnify at each trophic level. Top predators, developing fetuses

including tuna, swordfish, marine mammals, and humans, accumulate e Carcinogenicity: Long-term exposure to PCBs and PAHs through
concentrations millions of times higher than ambient seawater. seafood consumption is linked to elevated cancer risk

e Shellfish toxins: HAB-produced toxins cause paralytic, amnesic, and

Climate change accelerates this process by increasing metabolic uptake

_ ) i diarrhetic shellfish poisoning — events increasing in frequency and
rates in warmer water and altering the structure of food webs in ways .
. . geographic range
that can shorten or reroute contamination pathways to human . .
e Pathogen exposure: Contaminated coastal waters elevate risks of

consumers.
cholera, hepatitis A, and enteric infections from bathing and seafood

consumption

Global seafood consumption patterns mean that marine pollution
is a direct public health issue, not merely an ecological one.




Economic and Social Consequences

$375B

Annual Fisheries Value at Risk

Global marine fisheries generate an estimated
$375 billion annually — a figure severely
threatened by combined pollution and climate

stressors.

3B+

People Dependent on Seafood

Over 3 billion people rely on marine and
freshwater species as their primary protein
source, making seafood safety a global food

security imperative.

680M

Coastal Residents Exposed

An estimated 680 million people live in low-
elevation coastal zones facing compounding
risks from pollution, flooding, and economic

disruption.

The economic consequences extend across fisheries, aquaculture, coastal tourism, port operations, and coastal real estate. Declining water quality
and habitat loss reduce fish yields, trigger aquaculture failures, and deter marine tourism — outcomes that disproportionately impact developing

nations and Indigenous coastal communities with the fewest adaptive resources and the highest ecological dependence.



Adaptive Prevention Strategies

Chapter 5 — Climate-Resilient Approaches to Marine Pollution

As climate change intensifies the scale and frequency of pollution events in coastal and
marine environments, prevention strategies must evolve. This chapter explores a
comprehensive framework of adaptive measures — spanning infrastructure, nature-
based solutions, monitoring, and emergency response — designed to protect marine
ecosystems and human communities under changing climate conditions.



What Is Adaptive Prevention?

The Core Concept Why It Matters Now

Adaptive prevention refers to pollution control strategies that are
explicitly designed to account for the compounding risks introduced

Traditional pollution prevention was designed for stable environmental baselines.
Climate change disrupts those baselines — intensifying storms, raising sea levels,
by climate change. Rather than treating pollution and climate hazards and increasing temperatures — all of which alter how pollutants are generated,

t bl dapti tion int tes both int transported, and absorbed by ecosystems. Prevention systems that ignore this
as §§para ?.DI’O ems, adaptive prevention integrates po INTO a re%ﬂity will fail when they are needed most.
unified resilience framework.

Assess Risks

Identify climate-driven
pollution threats

Monitor & Adapt

Track outcomes and
iterate continuously

Design Resilience

Create systems that
withstand climate impacts

Adaptive prevention is proactive, not reactive — anticipating
climate-driven pollution risks before they materialize.



Climate-Resilient Wastewater & Stormwater Management

Conventional wastewater and stormwater systems were engineered for historical precipitation and flood norms — conditions that climate change is

rapidly rendering obsolete. Upgrading these systems is among the most urgent and impactful adaptive strategies available to coastal communities.

Wastewater Treatment Resilience

Treatment plants must be flood-proofed
and elevated to withstand storm surges
and sea-level rise. Backup power systems
and redundant treatment capacity prevent
untreated sewage discharge during
infrastructure failures, reducing pathogen
and nutrient pollution in coastal waters.

Stormwater System Upgrades

Expanded drainage capacity, permeable
surfaces, retention basins, and green roofs
reduce runoff volumes. These measures
prevent overflows that carry microplastics,
hydrocarbons, heavy metals, and fertilizers
into rivers and ultimately into the marine

environment.

Integrated Urban Water Planning

Cities must adopt integrated water
management plans that link stormwater,
wastewater, and drinking water systems.
Climate-adaptive design standards ensure
infrastructure can withstand projected
increases in rainfall intensity over multi-

decade planning horizons.



Nature-Based Solutions for Pollution Control

Nature-based solutions (NbS) harness the functional capacity of ecosystems to filter pollutants, stabilize sediments, buffer against flooding, and

protect coastlines — while simultaneously supporting biodiversity and carbon sequestration.

Mangroves & Wetlands Seagrass Meadows Dunes & Coastal Vegetation

Mangrove forests and coastal wetlands trap Seagrass beds stabilize seafloor sediments, Sand dunes and native coastal plant

sediments, absorb nutrients, and buffer storm reduce turbidity, and sequester organic communities dissipate wave energy, prevent
surges. They act as natural biofilters, reducing pollutants. They are sensitive indicators of shoreline erosion, and reduce the transport of
pollutant loads entering nearshore marine water quality and play a foundational role in terrestrial pollutants to the sea. Restoring these
environments while providing critical habitat for  coastal trophic webs, making their protection a features in degraded urban coastlines is a cost-
juvenile fish and invertebrates. dual ecological and pollution-control priority. effective and ecologically sound adaptation

strategy.



Industrial, Port & Landfill Risk Reduction

Coastal industrial facilities, ports, fuel depots, and landfills represent concentrated pollution hazards that become acutely dangerous under climate-

driven flood and storm conditions. Proactive risk reduction at these sites is essential to preventing catastrophic contamination events.

Flood-Proofing Industrial Sites

Chemical storage, fuel tanks, and processing facilities near coasts
must be structurally hardened against storm surges and flooding.
Containment berms, elevated storage, sealed drainage, and spill-
response infrastructure reduce the risk of large-scale releases

during extreme weather events.

Safe Management & Relocation of Landfills

Coastal landfills are highly vulnerable to inundation and erosion,
releasing leachate, plastics, and legacy contaminants into marine
environments. Long-term adaptation requires capping, relocating, or
decommissioning these sites, combined with stringent monitoring of

groundwater and nearshore water quality.

Port Pollution Controls

Ports are hubs for fuel, cargo, ballast water, and antifouling
chemicals. Climate-adaptive port management includes enclosed
drainage systems, improved ship reception facilities for waste, and
weather-contingent operational protocols that prevent pollution

during high-stress weather conditions.

Circular Economy Integration

Reducing the volume of waste generated at source — through
circular economy principles, industrial symbiosis, and extended
producer responsibility — directly decreases the quantity of
hazardous material that can be mobilized and dispersed by climate

events.



Monitoring, Early Warning & Emergency Response

Continuous Environmental Monitoring

Real-time monitoring networks for water quality, sediment
contamination, biodiversity indicators, and pollutant concentrations
provide the data foundation for early detection of pollution risks.
Remote sensing, autonomous underwater vehicles, and citizen science

platforms are expanding monitoring coverage at reduced cost.

Early Warning Systems

Integrating environmental monitoring with meteorological and oceanographic
forecasting enables authorities to anticipate pollution incidents before they
occur. Alerts can trigger pre-emptive protective measures — closing shellfish
harvesting areas, deploying containment booms, or evacuating vulnerable

coastal zones — ahead of storm landfall.

Emergency Response Planning

Cities, ports, and industries must maintain active emergency response
plans for pollution events triggered by floods, storms, or infrastructure
failures. Effective plans include trained rapid-response personnel, pre-
positioned containment and remediation equipment, clearly defined

command structures, and public communication protocols.

/N Post-event pollution surveys should be conducted after every
major storm to document contamination extent and inform

adaptive learning cycles.



Policy, Governance & Community
Action

Chapter 6 — Institutional Frameworks for Marine Pollution
Resilience

Technical solutions alone are insufficient. Durable coastal resilience requires strong
governance structures, coherent policy frameworks, empowered communities, and
international cooperation. This chapter examines the institutional architecture needed
to operationalize adaptive prevention at scale — from local planning offices to global
marine agreements.




Governance & Integrated Planning

Effective governance of coastal pollution under climate change demands horizontal integration — linking pollution prevention, climate adaptation, urban

planning, and marine management — across multiple agencies, jurisdictions, and sectoral interests.

Integrated Coastal Zone Management

ICZM frameworks coordinate land use, marine resource management,
infrastructure planning, and environmental protection within a unified
governance structure. By resolving competing interests through formal
participatory processes, ICZM reduces the fragmentation that allows
pollution risks to fall between regulatory gaps.

Environmental Regulation of Industry & Ports

Coastal industries and port authorities require climate-informed
regulatory frameworks that mandate pollution risk assessments,
structural resilience standards, and contingency planning as conditions
of operating licenses. Regulations must be periodically updated to

reflect evolving climate projections.

Climate Adaptation Plans

National and municipal climate adaptation plans must explicitly
incorporate marine pollution risk assessments. Scenario-based planning
for sea-level rise, increased storm intensity, and temperature changes
should inform infrastructure investment decisions, environmental
permitting criteria, and coastal setback regulations.

Sustainable Urban Coastal Planning

Land use zoning, building codes, and infrastructure standards in coastal
cities should integrate both pollution prevention requirements and
climate hazard risk zones. Sustainable urban planning reduces the
exposure of pollution sources to flood risk while protecting coastal

ecosystems from encroachment.



Community Participation & Education

Communities are both the most affected stakeholders in coastal pollution

events and among the most powerful agents of prevention. Meaningful public
participation transforms residents from passive observers into active
defenders of coastal health.

Citizen Science & Local Monitoring

Trained community members can extend monitoring networks far beyond the
capacity of government agencies. Citizen science programs collecting beach
pollution data, observing harmful algal blooms, or tracking plastic debris
generate valuable datasets while building environmental literacy and civic
engagement.

Public Awareness Campaigns

Behavior change communication campaigns targeting responsible waste
disposal, reduced single-use plastic consumption, proper chemical handling,
and support for coastal protection initiatives can significantly reduce
terrestrial pollution inputs at the community level.

Education in Schools & Universities

Embedding marine environmental literacy into curricula at all levels prepares
future citizens, scientists, planners, and policymakers to understand and
address the interconnected challenges of climate change and marine
pollution. University programs linking research with community engagement
are particularly impactful.



Research, Innovation & International Cooperation

The complex, transboundary nature of marine pollution under climate change demands sustained scientific investment, technological innovation, and

coordinated international action that transcends national jurisdictions.

£

Frontline Research

Continued investment in marine pollution
science — including climate-pollution
interaction modeling, ecotoxicology under
warming and acidification, and long-term
biodiversity monitoring — is essential to
understanding evolving risks and informing

evidence-based policy responses.

"
&

Technological Innovation

Advances in sensor technology, satellite remote
sensing, Al-driven pollution detection,
biodegradable material design, and advanced
wastewater treatment offer powerful new tools
for adaptive prevention. Public-private research
partnerships are critical to accelerating

development and deployment.

28
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International Cooperation

Marine pollution does not respect national
boundaries. International frameworks —
including UNCLOS, MARPOL, the Global Ocean
Treaty, and regional sea agreements — must be
strengthened and aligned with climate
adaptation goals. Capacity-building for
developing nations with high coastal

vulnerability is a critical equity imperative.



Conclusions

Climate Change Amplifies Marine Pollution Prevention Must Be Climate-Adaptive

Rising temperatures, intensifying storms, sea-level rise, and Pollution prevention strategies designed for historical climate
altered hydrology increase the generation, transport, toxicity, and baselines are insufficient. Effective prevention requires forward-
ecosystem impact of marine pollutants. Climate and pollution looking, scenario-based approaches that account for projected
crises are deeply intertwined and must be addressed in concert. changes in storm frequency, precipitation, and sea level over

coming decades.

Coastal Resilience Requires Integrated Action Pollution Reduction Supports Climate Adaptation
No single intervention is sufficient. Durable coastal resilience Reducing marine pollution improves ecosystem health and
emerges from the combination of climate-resilient infrastructure, adaptive capacity. Healthy mangroves, seagrasses, and coral reefs
nature-based solutions, robust monitoring systems, sound are more resilient to climate stressors. Pollution prevention and
environmental governance, and engaged communities working in climate adaptation are mutually reinforcing — investment in one

coordination. strengthens the other.



How can coastal cities,
institutions, and
industries adapt their
pollution prevention
strategies to address the
additional risks created
by climate change?

The following cards present eight evidence-based, actionable strategies for building climate-
adaptive pollution prevention capacity across urban, industrial, and institutional contexts.




Strategy 1-2: Infrastructure & Nature-Based Solutions

Upgrade Wastewater & Stormwater Systems

Coastal cities must invest in flood-proofing wastewater treatment
plants and expanding drainage capacity so systems remain functional
during heavy rainfall, storm surges, and infrastructure stress events.
Failures in these systems allow untreated sewage, microplastics, oils,
heavy metals, and excess nutrients to reach the sea in concentrated
pulses — causing acute ecological damage that can persist for years in
sediments and food webs.

Harness Nature-Based Solutions

Wetlands, mangroves, dunes, seagrass meadows, and native coastal
vegetation collectively provide a multi-functional pollution defense. They
absorb floodwater, filter nutrients and contaminants, stabilize sediments,
reduce coastal erosion, and buffer storm energy — simultaneously protecting
ecosystems and the communities that depend on them. Investing in NbS
restoration and conservation is among the highest-return pollution prevention
actions available to coastal managers.

) NDbS also deliver co-benefits: carbon sequestration, fisheries

habitat, tourism value, and biodiversity conservation.



Strategy 3-4: Source Reduction & Hazard Relocation

Reduce Pollution at the Source Relocate or Protect High-Risk Pollution Sources
Institutions and industries should apply circular economy principles Landfills, fuel storage depots, industrial processing sites, ports, and
to minimize the generation of waste, hazardous chemicals, plastics, chemical warehouses located in low-lying coastal areas represent
and toxic substances before they can enter the environment. acute risks under scenarios of increased flooding and sea-level rise.
Source reduction is inherently more effective than downstream Strategic relocation away from flood zones — or, where relocation
remediation — once climate events disperse pollutants across is not feasible, structural hardening with containment infrastructure
coastal ecosystems, containment and clean-up become and regular integrity auditing — is essential to preventing

exponentially more difficult, costly, and ecologically damaging. catastrophic pollution releases during extreme weather events.



Strategy 5-6: Emergency Response & Early Warning

Improve Emergency Response Plans Strengthen Monitoring & Early Warning Systems

Cities, port authorities, and industrial operators must develop and regularly rehearse detailed rapid- Continuous, multi-parameter monitoring of coastal water quality, sediment contamination,

response plans for pollution incidents triggered by floods, storms, infrastructure failures, or industrial biodiversity indicators, and pollutant concentrations provides the evidential foundation for early risk
accidents. Effective plans specify trained personnel roles, pre-positioned containment and remediation detection. When integrated with meteorological and oceanographic forecasting systems, monitoring
equipment, clearly defined command structures, interagency coordination protocols, and public data enables predictive early warning — alerting authorities to pollution risks before extreme weather
communication procedures that minimize response latency and ecological damage. events amplify them into crises, enabling pre-emptive protective action.

Monitor Forecast Alert Respond




Strategy 7-8: Circular Economy & Policy Integration

Apply Circular Economy Principles

Transitioning from linear "take-make-dispose" models toward circular
systems — reducing single-use plastics, improving recycling rates, reusing
materials, and recovering resources from waste streams — directly reduces
the volume of pollution that accumulates in coastal environments and can
be mobilized by flood events. Producer responsibility frameworks and
procurement policies that mandate sustainable materials are powerful
levers for systems-level change.

Integrate Climate Adaptation into Pollution Policy

Environmental permits, coastal development approvals, and pollution
prevention plans must incorporate forward-looking climate risk
assessments. Future scenarios of sea-level rise, increased storm
intensity, elevated temperatures, and shifting precipitation patterns
should serve as planning parameters — not afterthoughts. Regulatory
frameworks that treat climate risk as a core variable in coastal
environmental governance will be far more effective than those

anchored to historical baselines.

[ Aligning pollution policies with national climate adaptation plans and Nationally Determined Contributions (NDCs) under the Paris

Agreement creates institutional incentives and funding pathways for implementation.



Strategy 9-10: Education & Collaborative Governance

Educate Communities & Institutions

Public awareness campaigns, school curricula, and professional training
programs build the behavioral and institutional foundations for
sustained pollution prevention. Empowered communities practice
responsible waste disposal, reduce plastic use, handle chemicals safely,
and actively support coastal protection initiatives — creating distributed,
grassroots resilience that complements institutional action at every

scale from household to municipality.

Promote Science-Policy-Industry Collaboration

Marine pollution under accelerating climate change is a complex, multi-
dimensional challenge that exceeds the capacity of any single discipline
or sector to resolve. Effective, durable prevention requires active
collaboration between research institutions, local authorities, coastal
industries, schools, civil society organizations, and international bodies
— translating scientific evidence into policy, and policy into practice, at

the pace the crisis demands.

(@) Joint research-policy platforms such as the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) offer proven models for bridging science and

governance on issues of this complexity.
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