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Abstract

Oceans and coastal zones can provide multiple ecosystem services for humanity.
The protection and sustainable utilization of marine resources to promote the
sustainable development of oceans and coastal zones has been formally incor-
porated into the United Nations Sustainable Development Goals. Implement-
ing these marine sustainable development goals faces several major challenges,
including reducing the impacts of land-based human activities, strengthening
integrated management of coastal zones, improving marine resource efficiency,
adapting to climate change, and enhancing the human well-being of coastal
residents. To address these challenges, it is necessary to integrate oceans and
coastal zones into a large ecosystem, utilize ecosystem-based management ap-
proaches, comprehensively consider the cumulative impacts of various sectors
and multiple stressors, establish a comprehensive marine observation system,
rationally delineate marine functional zones, limit land-based human activities
according to marine environmental carrying capacity, rationally allocate and
effectively utilize marine resources, and enhance the overall service functions of
marine and coastal ecosystems, thereby further promoting the implementation
of marine sustainable development goals.
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Abstract

Ocean and coastal ecosystems provide a wide variety of ecosystem services. The
conservation and sustainable use of oceans, seas, and marine resources has been
formally incorporated into the United Nations Sustainable Development Goals
(SDGs). Key challenges for implementing marine SDGs include reducing the im-
pacts of land-based human activities, strengthening integrated coastal manage-
ment, improving marine resource efficiency, enhancing climate change adapta-
tion, and thereby improving human well-being for coastal residents. To address
these challenges, oceans and coasts should be integrated as a single large ecosys-
tem, and ecosystem-based management approaches should be applied to account
for cumulative impacts from multiple sectors and various stressors. The ecosys-
tem services provided by oceans and coasts can be enhanced by establishing
integrated marine observation systems, implementing rational marine zoning,
restricting land-based human activities according to marine environmental car-
rying capacity, and ensuring the rational allocation and effective utilization of
marine resources. All these measures can advance the implementation of marine
Sustainable Development Goals (SDGs).

Keywords: marine ecosystem; coastal ecosystem; Sustainable Development
Goals (SDGs); ecosystem-based management (EBM); land-ocean integration

1. Marine Sustainable Development Goals (SDGs)

Healthy ocean and coastal ecosystems provide essential services including food
security, resources for economic growth, coastline protection, and biodiversity
maintenance. As one of the most productive ecosystems on Earth, oceans and
coastal zones have historically been considered an inexhaustible resource with
unlimited environmental capacity for human waste. However, current marine
environmental degradation, biodiversity loss, and declining biological productiv-
ity now seriously threaten both coastal ecosystems and human well-being. Sea
level rise and extreme weather events have pushed many coastal ecosystems be-
yond critical thresholds for healthy functioning, making marine sustainability
increasingly vulnerable.

The role of oceans and coastal zones in human well-being will increasingly de-
pend on national capacities to manage marine resource use and human im-
pacts on marine and coastal environments. Marine resource management must
fully consider land-based human activities to ensure that the health and self-
restoration capacity of marine and coastal ecosystems are not compromised.
Since the 1990s, major international initiatives have established principles, ob-
jectives, and timelines for ocean and coastal management. The United Nations
Convention on the Law of the Sea (UNCLOS) called on nations to develop laws
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and regulations to prevent, reduce, and control marine pollution from land-based
activities. In 1995, governments adopted the Washington Declaration, commit-
ting to protect marine environments and reduce land-based impacts. The United
Nations Environment Programme subsequently developed a Global Programme
of Action (GPA) focusing on reducing marine pollution from terrestrial human
activities.

The concept of the “blue economy” has emerged as an economic development
model where international competition shifts from land to sea, with oceans and
their hinterlands serving as crucial carriers. This strategy represents a lifestyle
where humans coexist sustainably with oceans, integrating future economic de-
velopment with environmental and social factors. Its core principles are land-sea
coordination and sustainable development. In 2015, the UN Summit formally
adopted the 2030 Agenda for Sustainable Development, which includes 17 SDGs
and explicitly addresses the conservation and sustainable use of oceans and ma-
rine resources as SDG 14. This agenda builds upon and upgrades the Millennium
Development Goals.

SDG 14 encompasses several targets directly related to marine and coastal is-
sues, including reducing marine pollution (especially from land-based activities),
sustainably managing and protecting marine and coastal ecosystems, addressing
ocean acidification, regulating fisheries to end overfishing, and promoting sus-
tainable aquaculture and tourism. Other SDGs with indirect marine relevance
include those addressing poverty elimination, food security, water resources,
clean energy, sustainable cities, climate action, and biodiversity conservation.
presents SDGs and targets with marine resource implications.

These SDGs exhibit strong interlinkages—some mutually reinforcing, others cre-
ating trade-offs. Past experience shows that isolated actions cannot achieve
all targets, necessitating a systems approach. For instance, land use changes
can create downstream effects on marine ecosystems, while promoting small-
scale producer income growth may conflict with marine sustainability if not
systematically considered. The interconnections can be framed through ecosys-
tem services (food provision, climate regulation) or social dimensions (capacity
building, transparency). Although SDG 14 explicitly targets ocean conservation,
the role of marine and coastal management in achieving broader sustainability
goals remains underappreciated, partly because methods for quantifying marine
ecosystem services at national or global scales are still underdeveloped.

2. Main Challenges in Implementing Marine SDGs

Human activities such as coastal pond aquaculture have caused heavy metal
and persistent organic pollutant contamination, seawater acidification, and
coral reef degradation. The primary challenges stem from land-based impacts,
marine-coastal environmental interactions, inefficient marine resource use,
climate change pressures, and the need to improve coastal human well-being.
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2.1 Pollutant Input from Land-Based Human Activities

Rapid coastal urbanization and industrialization, combined with pollutant emis-
sions from fossil fuel combustion and mining, increasingly impact nearshore
ecosystems and marine biogeochemical cycles. Nearly all marine ecosystems
are affected by human activities, with many experiencing multiple simultaneous
stressors. Sediment input represents a major land-based influence on coastal
environments. Excessive sedimentation can smother coral reefs and seagrass
beds by blocking light to primary producers, while dam construction or reduced
water flow can cut off natural sediment supply, causing coastal erosion. Climate
change-induced sea level rise alters estuarine ecosystem dynamics, submerging
coastal ecosystems like coral reefs and seagrass beds.

Atmospheric deposition constitutes another significant land-based impact. Dust
from the Sahara Desert, generated by vehicles and wind erosion, transports iron
that triggers plankton blooms and fungal spores that sicken Caribbean corals,
altering Black Sea and Caribbean ecosystems. Similar processes occur with dust
from China’ s Loess Plateau reaching North America, and evapotranspiration
in tropical regions depositing toxic pollutants in the Arctic. Increasing plastic
waste enters oceans, breaking down into microplastics that accumulate toxic
chemicals and threaten wildlife and humans. Petrochemical pollution originates
not only from coastal activities but also from inland oil and chemical extraction
and processing. Enhanced monitoring of land-based pollutant inputs, source
identification, and source reduction are urgently needed.

2.2 Interaction Between Marine and Coastal Environments

Growing coastal population demands place unprecedented pressure on coastal
carrying capacity. Coastal sand and gold mining cause habitat degradation
and alter river distributions, reducing biological productivity and negatively
impacting tourism and recreation. Overdevelopment of shallow marine areas
and beaches for aquaculture releases nutrients, undigested feed, veterinary drugs,
and biocides, causing eutrophication, salinization of farmland, and harmful algal
blooms. Surface runoff from agricultural fertilizers and livestock manure creates
nutrient excess in coastal waters.

Coastal salt marshes provide storm protection and other ecosystem services, yet
global salt marsh area is declining sharply, with nearly one-third lost to land
reclamation. Pollutant discharge in estuaries and irrational coastal spatial plan-
ning exacerbate marine pollution, threatening public health and marine indus-
tries like mining, fishing, and tourism. Integrated marine and coastal planning
and management are essential to prevent ecosystem damage and enhance service
values.

2.3 Need to Improve Marine Resource Development Efficiency

As population and economic growth strain terrestrial resources, attention in-
creasingly turns to oceans. Marine biological resources support fisheries and
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aquaculture, while spatial resources like coastlines and islands enable maritime
transport and tourism. Wave energy provides opportunities for clean renew-
able energy, and deep seas contain oil, gas, and polymetallic nodules. However,
technological and cost constraints limit deep-sea mining expansion. Although
China has enormous potential for marine resource development, low quality and
efficiency in utilization persist. Improving efficiency requires not only better ex-
ploitation of productive resources like fisheries but also valuation of natural
ecosystem services. Since ecosystem components have multiple uses and ben-
efits, enhancing one use may harm others, requiring scientific assessment to
balance trade-offs and facilitate effective public-private dialogue.

2.4 Climate Change Pressures

Climate change causes ocean acidification and biological impacts as species
struggle to adapt to temperature changes. Coral bleaching demonstrates dif-
ficulties for ecosystems adapted to stable environments. While species may
migrate coastally or inland following sea level rise, challenges remain regarding
whether adaptation or extinction will occur. Coastal zones host approximately
40% of the global population and two-thirds of large and medium-sized cities,
with residents heavily dependent on marine ecosystem services. Rapid coastal
urbanization and industrialization increase vulnerability to natural disasters and
impact nearshore ecosystems. Infrastructure upgrades, effective environmental
policies, and resource management must incorporate natural defenses like man-
groves and coral reefs to reduce risks.

2.5 Need to Improve Human Well-being in Coastal Zones

To ensure long-term ocean-dependent human well-being, marine and coastal
ecosystems must be managed sustainably with clear SDGs to measure progress
in coastal protection and welfare enhancement.

3. Ecosystem-Based Management (EBM) for Marine and
Coastal Zones

Human management of oceans and coasts spans centuries, but recent approaches
have typically focused on single ecosystem aspects. Ecosystem-Based Manage-
ment (EBM) is a comprehensive approach that considers entire ecosystems,
including humans, aiming to maintain ecosystem health, productivity, and
self-restoration capacity to meet human service demands. Unlike traditional
single-species or single-activity management, EBM integrates cumulative im-
pacts across sectors. Although applied to marine systems much later than ter-
restrial ecosystems, EBM is increasingly used by academics and management
institutions.

SDG 14 includes targets on land-based pollution, coastal ecosystem manage-
ment, sustainable aquaculture, and tourism. Because jurisdictions and decision-
maker priorities vary, marine and coastal emphases differ, but considering cross-
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sectoral cumulative impacts supports long-term sustainability. [Figure 1: see
original paper] illustrates the EBM framework for marine and coastal ecosys-
tems.

3.1 Marine Zoning Based on Ecosystem Functions

Marine spatial planning identifies how different regions use marine resources and
space, determining appropriate uses for each area to minimize impacts and con-
flicts. Planners can integrate information on ecosystem characteristics, human
impacts, and inter-ecosystem interactions into maps to guide comprehensive
zoning, ensuring long-term service provision. For example, Colombia’ s San
Andrés Archipelago, home to the Caribbean’ s largest coral reefs, established
a 65 km? marine protected area in 2005. The zoning allows handicraft produc-
tion in some areas, tourism in others, and prohibits activities in sensitive zones,
creating a harmonious system that protects both biodiversity and sustainable
human use.

China has designated ten major marine functional zones including port shipping,
fishery utilization and conservation, mineral resource exploitation, seawater uti-
lization, marine energy development, engineering zones, marine protected areas,
and special use zones. Since the 1980s, China has established various marine
protected areas covering 5% of its jurisdictional sea area. While these areas ad-
just human uses within their boundaries, integrating other functional zones into
ecosystem management remains a challenge. For instance, mineral exploitation
zones must consider impacts on surrounding marine ecosystems and post-mining
restoration, while fishery zones must balance human demand with species dis-
tribution, food web relationships, and ecosystem stability.

3.2 Establishing Integrated Marine Observation Systems

Achieving marine and coastal sustainability requires enhanced observation in-
frastructure and integrated data processing capabilities. Developing countries
with weak observation capacity must cooperate with developed nations to build
monitoring and analytical capacity. Developed countries like the U.S. (Inte-
grated Ocean Observing System, IOOS) and Australia (Integrated Marine Ob-
serving System, IMOS) have established end-to-end systems linking data collec-
tion to management.

China’ s marine observation network, covering coastal, offshore, and polar re-
gions, is relatively recent. The National Marine Observation Network Plan
(2014-2020) addresses layout and management across fisheries, transport, en-
ergy, environment, and research sectors. However, coordination remains chal-
lenging due to administrative rather than ecosystem-based boundaries. China’s
network includes shore-based, offshore, and polar observation systems, but still
lags behind developed countries in spatial layout and operational mechanisms—a
key area for investment to achieve SDGs. Integrated observation must combine
marine biogeochemical monitoring with land-based impact assessment, merging
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fixed-point and mobile observations to capture both routine parameters and
emergency events. Capability depends not only on deployed infrastructure but
also on integrated air-space-ground coordination.

3.3 Limiting Land-Based Activities According to Marine Environmen-
tal Carrying Capacity

Marine and coastal ecosystems should be valued as natural capital. From an
ecosystem services perspective, integrated valuation methods should assess food
provision, raw materials, climate regulation, and other services to analyze over-
all carrying capacity. This holistic approach identifies constraints on resource
capacity and proposes human use patterns and industrial adjustments adapted
to ecosystem characteristics. Since impacts from different activities are cumu-
lative, assessing these combined effects enables better planning under multiple
pressures and trade-offs between ecosystem functions.

3.4 Strengthening Integrated Coastal Zone Management

Coastal issues involve numerous sectors, requiring inclusive, cross-sectoral man-
agement approaches that shift from administrative to ecological boundaries.
Kenya’s Tana River faces pressures from hydropower development, water supply
for irrigation, and indirect impacts from poor land management. By connecting
watershed management with coastal governance, authorities and NGOs reduced
sedimentation-driven coastal erosion, groundwater salinization, and maintained
delta fisheries and food security. Integrated coastal management requires com-
prehensive assessment and reform of existing systems, coordinating fisheries,
tourism, and oil/gas development across sectors.

4. Advancing Marine SDGs Through EBM

EBM approaches can directly or indirectly advance marine and coastal SDG im-
plementation through marine zoning, integrated observation systems, resource
valuation methods, and integrated coastal management frameworks. [Figure
2: see original paper] illustrates this implementation pathway. To ensure SDG
achievement, China should fully utilize EBM, establish inter-agency coordina-
tion mechanisms, control land-based impacts at their source, zone marine func-
tions rationally, limit activities by carrying capacity, curb ecosystem degrada-
tion, enhance overall ecosystem services, and allocate marine resources effec-
tively.

EBM is a comprehensive approach requiring integration of natural and social
science knowledge with practical experience to better assess and manage hu-
man impacts on marine and coastal ecosystems. Continuous development of
supporting science and technology is essential.
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