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Management and practice of
multi-use of the sea in China
Xue Meng, Xin Teng*, Qiwei Zhao, Panpan Zhang
and Wanchao Kang

National Ocean Technology Center, Tianjin, China
In the context of increasingly scarce global marine spatial resources, multi-use

(MU) of the sea has emerged as an effective pathway to promote sustainable

marine development, representing a growing trend in the utilization of marine

resources. In this study, we reviewed the evolution of MU of the sea in China,

dividing its development into three stages: surface use, exploratory three-

dimensional use, and systematic three-dimensional development. We further

categorized MU of the sea into three types: “temporary” “three-dimensional” and

“coexistence”. We proposed a evaluation methodology for MU of the sea,

including the construction of a functional compatibility assessment matrix for

sea-use projects. On this basis, we introduced China’s practice of three-

dimensional layered rights to the use of sea areas. We elaborated on the latest

progress in MU of the sea in China from the perspectives of feasibility analysis and

approval methods for right confirmation, definition of three-dimensional spatial

scope, and advances at the provincial level. The results of this research contribute

to the improvement of marine spatial planning and the enhancement of

sustainable marine development.
KEYWORDS

coexistence, marine spatial planning, multi-use, right to the use of sea areas,
three-dimensional
1 Introduction

Ocean space provides the foundation of and is a critical carrier for human survival and

development. With the continuous expansion of marine development activities and the

increasing diversity of utilization methods, spatial conflicts among different sea-use projects

have become inevitable. In particular, linear infrastructures such as submarine cables and

pipelines, submarine tunnels, and cross-sea bridges are prone to overlapping or intersecting

with other sea-use projects, which has posed significant challenges to marine development

and management. Within the carrying capacity of the ecological environment, employing

multi-use (MU) of the sea is an effective way to enhance the efficiency of the spatial

utilization of the sea area. This development trend ensures the development and utilization

of marine resources.

MU of the sea refers to the ways in which the same ocean space can be allocated to

multiple uses when prudent, thereby maximizing spatial efficiency and productivity
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(Schupp et al., 2019). MU of the sea has been incorporated into the

legal and policy instruments of Marine Spatial Planning (MSP) by

various nations to provide encouragement and support for this

utilization. For example, the European Union’s 2014 MSP Directive

has obligated member states to consider “the promotion of the

coexistence of relevant activities and ocean uses” when developing

and implementing their MSP (Official Journal of the European

Union, 2014). Similarly, the UK’s Marine Policy Statement has

identified the promotion of compatibility and the reduction of

conflicts as key principles for the new era’s MSP, necessitating

that MSP formulating processes “seek to enable the co-existence of

compatible activities” (Department for Environment, Food and

Rural Affairs, 2011). In the United States, the National Ocean

Policy Implementation Plan has advocated for the development of

“maps and information that inform effective co-location of multiple

existing and new ocean uses, such as commercial fishing, military

training, and new energy infrastructure development.” (National

Ocean Council, 2013). The Belgian North Sea Marine Spatial

Planning (2014) has further stipulated that “the possibility of

multiple uses of a certain space should be considered, when new

activities or functions are situated at sea” and explicitly mentioned

the potential for colocation of sectors such as offshore wind and

aquaculture (European MSP Platform, 2014). In China, the

Technical Requirements for Revising Provincial Marine Functional

Zoning has mandated the identification of “compatible sea use types

or those suitable for development when the primary function is not

utilized” (State Oceanic Administration, 2010).

In practice, MU of the sea, however, remains in its early

developmental stages. Current projects can be broadly categorized

into two types. The first category of projects has involved the

development and construction of MU marine platforms. For

example, the MERMAID project, implemented in the Baltic,

North Sea, Atlantic, and Mediterranean, investigated the design of

offshore platforms for MU of ocean space at theoretical and

conceptual levels for energy extraction, aquaculture, and platform

related transport (European Commission, 2024). Similarly,

Belgium’s Blue Growth Farm (BGF) project designed an

integrated floating platform that combines aquaculture with

offshore wind energy. The aim of the BGF project was to produce

a fully integrated and efficient offshore multipurpose floating

platform, which provided a central protected pool to host

automated aquaculture system, capable of producing high quality

fish as well as a large storage and deck areas to host a commercial 10

MW wind turbine and a number of wave energy converters

(European Commission, 2020). In China, the “Mingyu No.1”

project established a three-dimensional ocean development model

integrating wind power generation, mariculture, and scientific

research (The People’s Government of Yangxi County, 2023).The

second category of projects has focused on researching the

feasibility of colocating various marine activities. Examples

include the application of a Bayesian network-based multi-

attribute scenario model to support the site selection and layout

of MU projects (Yates et al., 2015), the COWRIE project which

analyzed the potential for combining offshore wind farms with

Marine Protected Areas (Peng et al., 2024), and the MUSES project,
Frontiers in Marine Science 02
which explored opportunities for MU in European sea areas and

proposed solutions for limiting associated risks (MUSES, 2018).
2 Progress of MU of the sea in China

2.1 Development process

The “Two-Dimensional” MU Phase: MU of the sea in China

originated in 1989 during pilot studies on Marine Functional

Zoning (MFZ), which proposed the establishment of a zoning

system that would include both dominant and compatible

functions (Wang and Liu, 2011). The People’s Republic of China

on Administration of the Use of Sea Areas, released in 2001,

mandated that “sea area use must comply with the Marine

Functional Zoning.” The ensuing three editions of the national

MFZ (1996-2000, 2001-2010, and 2011-2020) consistently

adopted this planning framework, which was based on defining

dominant functions while also permitting compatible uses. During

this phase, sea area use was planar-exclusive, meaning that only one

right to the use of sea areas could be established within the same

marine space.

The “Three-Dimensional” MU Exploration Phase: With the

diversification of marine industries, the conflict between the limited

availability of marine spatial resources and the growing demand for

sea use has grown considerably. An increasing number of

submarine cables and pipelines, cross-sea bridges now need to

pass through functional zones such as nursery and mariculture

zone or navigation zone, making planar sea use inadequate to meet

the rising demand for three-dimensional utilization. Meanwhile, the

development of big data technology has created an unprecedented

environment and conditions for exploring three-dimensional

approaches. In big data scenarios, the wide range of information

sources, multi-dimensional content, and efficient data processing

capabilities have provided a foundation to prevent potential spatial

use conflicts and enable refined management (Gu, 2024). In 2014,

China’s approach to MU began to transition from two-dimensional

space to three-dimensional space, thus initiating exploration of a

new management model: the three-dimensional management of

ocean space. A pioneering case involved the concurrent grant of use

rights for the same sea area—the thermal discharge area of the

Tianwan Nuclear Power Plant in Lianyungang City, Jiangsu

Province—to both the plant and the owner of a cross-sea bridge

(Li and Liu, 2019). This milestone allowed for the coexistence of two

uses, thermal water discharge and a bridge, within a single marine

space. In 2016, China’s State Oceanic Administration issued the

Opinions of the State Oceanic Administration on Further Regulating

the Administration of Sea Area Use for Offshore Wind Power. This

document explicitly advocated for “encouraging the stratified and

three-dimensional development of sea areas used by offshore wind

power projects alongside other development and utilization

activities, to maximize the benefits of marine resources”

(The State Oceanic Administration, 2016), thereby formally

introducing a management framework for a three-dimensional

sea area development and use right.
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The “Three-Dimensional” MU Development Phase: In 2019,

China issued the Guiding Opinions on Coordinating and Advancing

the Reform of the Property Right System for Natural Resource Assets

(China State Council, 2019), which for the first time proposed

“exploring three-dimensional layered rights to the use of sea areas”

from the central level. Since then, China’s Hebei, Zhejiang, Guangxi,

Hainan, Liaoning and other provinces have begun the practice of

three-dimensional layered rights management, issued a series of

institutional documents, and used a variety of three-dimensional

layered utilization models in the sea area such as “photovoltaic (PV)

+ mariculture” “ submarine cable conduits + port pool/bridge” and

“offshore wind power + marine ranching”.

This momentum continued in 2021 with the issuance of the

Overall Plan for the Pilot Reform of the Comprehensive Reform of the

Market-Oriented Allocation of Factors (China State Council, 2021).

The reform positioned the three-dimensional layered establishment

of sea use right as a key regulatory measure for rational and orderly

sea use, thereby cementing the transition from a “two-dimensional”

to a “three-dimensional” paradigm in marine spatial management.

A milestone was reached in 2023 when China’s Ministry of Natural

Resources released the Notice on Exploring and Promoting the Work

of Three-Dimensional Layered Establishment of Sea Use Right

(Ministry of Natural Resources, PRC, 2023c), advancing the sea

area use rights system and unified standards for three-dimensional

sea use. As the first national-level policy document dedicated to this

approach, it provided crucial guidance and standardization for key

aspects of three-dimensional sea use, including sea area use

argumentation, approval procedures, and the collection of sea

area use fees.
2.2 Typology and characteristics

Typologies, organized systems of types, can be useful tools when

analyzing current developments. The classification of MU in China

can be categorized into three types based on the spatial and

temporal utilization characteristics of sea-related projects (Table 1).

The first category is “temporary” sea area use, in which different

marine projects are spatially connected but do not overlap

temporally. This category primarily allows for suitable, alternative

sea use activities to be conducted before the dominant function is

utilized. For example, within marine protected areas, low-impact

tourism and fishing activities that do not disrupt the ecological

functions of the reserve may be permitted during seasons when the

protected species are not migrating, spawning, or inhabiting the

area. Similarly, open mariculture can be conducted in the

undeveloped oil and gas zone.

The second category is “three-dimensional” sea area use, in

which different marine projects are spatially independent, but

overlap temporally. In this model, projects respectively utilize

distinct vertical strata—water surface, water body, seabed, and

subsoil—within the same maritime area. Representative examples

include the colocation of submarine tunnels and cross-sea bridges,

or cross-sea bridges and navigation channels. This method of multi-
Frontiers in Marine Science 03
layered utilization of marine space is being discussed more

frequently in China both in theory and practice.

The third category is “co-existence” sea area use, in which

different marine projects are interconnected both spatially and

temporally. These activities are conducted simultaneously within

the same marine space. Examples include developing recreational

tourism within marine fishery zones, where facilities like deep-water

cages and mariculture platforms are leveraged for activities such as

recreational fishing and catering services. Another example is the

deployment of artificial reefs within fishing grounds, which enhance

fish catching and promote reproduction.
3 Determination of MU of the sea in
China

3.1 Method for describing sea-use projects

Before 2019, China managed sea-use projects primarily through

the MFZ system. Following a significant policy integration in 2019,

the MFZ was consolidated with other spatial plans, such as land-use

planning, into a unified National Territory Spatial Planning (NTSP)

framework. This reform integrated management of both terrestrial

and marine spaces under a single system. Despite this evolution

from MFZ to the comprehensive NTSP, the core mechanism for

marine management has remained centered on marine use control.

Both systems employ a detailed descriptive approach for sea-use

projects, characterized by the model of “Functional Zone + Type of

Sea Area Use.” This method has ensuresd that each marine area is

designated with a specific function and that any project within it is

precisely categorized according to a standardized typology of sea-

use activities.

3.1.1 Functional zone: hierarchical classification
Functional zone is delineated according to a comprehensive

assessment of the sea area’s natural attributes, socioeconomic needs,

and natural resource and environmental conditions. This process

identifies the principal function and defines the spatial scope for

maritime utilization. Within the NTSP framework, this

classification is implemented through a multi-level hierarchy. The

Guidelines for Compiling Municipal-Level Territorial Spatial Master

Planning (Interim) established three primary, first-level

functional zones: the Ecological Protection Zone, the Ecological

Control Zone, and the Marine Development Zone (Ministry of

Natural Resources, PRC, 2022). The Marine Development Zone was

further divided into six secondary functional zones, including the

Marine Fishery Zone, the Marine Transportation Zone, and the

Marine Industry Mining and Communication Zone and so on. A

more granular classification is provided by the Guidelines for

Provincial Integrated Coastal Zone Protection and Utilization

Planning (ICZP) (Trial) (Ministry of Natural Resources, PRC,

2021). This guidance refined the secondary functional zones into

19 distinct tertiary functional zones (Figure 1), enabling precise

spatial management.
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3.1.2 Type of sea area use: classification system
This classification system categorized and defined sea areas on

the basis of factors such as the primary utilization mode, operational

characteristics, and spatial coverage. It reflected the fundamental

function of marine space and served the needs of marine

management. Within the NTSP framework, the Guidelines for

Classifying Land and Sea Use for the National Land and Space

Survey, Planning and Zoning (Ministry of Natural Resources, PRC,

2023a) have defined a classification system for sea area use with 6

first-level and 23 second-level categories (Table 2).
3.2 Functional conformity analysis

The primary feature of MU is to determine whether a project

and the dominant function of a functional zone can “coexist”, which

requires a functional conformity analysis of the project.

Nonconformity mainly manifests in two scenarios. The first

scenario is functional exclusion, in which case the project

conflicts with the dominant function of the functional zone. For

example, when attempting to implement tourism-oriented projects

in a port zone, the noise and air pollution generated by freight

transportation could hinder the development of the tourism

industry. The second scenario is environmental exclusion, in

which case environmental impacts induced by the project would

render the dominant function of the functional zone inoperable, or

the exploited dominant function would exert adverse effects on the

project. For example, conducting open mariculture in a developed

and utilized oil and gas zone may result in fish mortality as a result

of water pollution. Conformity mainly manifests in two scenarios:
Frontiers in Marine Science 04
the project is consistent with the dominant function of the

functional zone, or the project is inconsistent with the dominant

function of the functional zone, but aligns with a compatible type

out of the three aforementioned categories (temporary, three-

dimensional, and co-existence sea area uses).

Compared with “temporary” and “co-existence” sea area uses,

which marine space as a two-dimensional space, “three-

dimensional” marine utilization is distinct and independent. It

vertically stratifies the marine space into four parts: water surface,

water body, seabed, and subsoil (Figure 2). The water surface layer is

the space at the sea level and a certain height above it, which is used

for ship navigation and cross-sea bridges. The water body layer is

the space filled with seawater between the sea level and the seabed,

which is used for mariculture and marine capturing. The seabed

layer is the surface of the seabed, which is used for submarine cable

conduits laying and sea sand mining. The subsoil layer is the space

below the seabed, which is used for oil and gas exploitation and

submarine tunnel construction.

China has categorized its projects into three types based on

factors such as the exclusivity of marine space, the safety of projects,

and the quality of the environment: The first category encourages

three-dimensional and layered utilization of sea areas, including

cross-sea bridges, mariculture, thermal water discharge, submarine

cable conduits, and submarine tunnels. The second category prohibits

three-dimensional and layered utilization of sea areas, including

reclamation and sea sand mining. These projects completely

change the natural attributes of sea areas, or the development and

utilization of the sea areas demonstrates strong exclusivity, making it

impossible to use the sea in layers with other activities. The third

category allows for the three-dimensional and layered utilization of
TABLE 1 Typology of China’s ocean multi-use.

Type

Dimensions

Description CasesSpatial
overlap

Temporal
overlap

Temporary sea area use Yes No

Prior to the utilization of the dominant
function, projects that do not alter the
natural attributes of the sea area may
be conducted.

The Shanwei Honghaiwan Economic Development Zone
Aquaculture Waters and Tidal Flat Plan (2024-2030)
designates currently unused or undeveloped marine
industry mining and communication zone or marine
tourism and recreation zone as restricted aquaculture
zones. Within these zones, ecologically sound aquaculture
practices are permitted, provided they involve no feed
input and no fertilizer application (Shanwei Honghaiwan
Economic Development Zone, 2024)

Three-dimensional sea
area use

No Yes

Projects simultaneously utilize the
water surface, water body, seabed, and
subsoil, respectively, operating without
mutual interference in a vertically
stratified manner.

By co-locating photovoltaic panels and mariculture, the
550 MW Taihan Fishery-Photovoltaic Complementary
Project in Wenzhou, Zhejiang Province, establishing a
three-dimensional sea use paradigm for “energy
production above the water and mariculture beneath it.”
(Cnenergynews, 2021)

co-existence sea area
use

Yes Yes

Projects are conducted concurrently
with the dominant function within the
same marine area. Their interaction is
characterized by either non-
interference, mutual interdependence,
or the project’s direct service to the
dominant function.

The Guangdong-Hong Kong-Macao Deep-Sea Cage
Aquaculture Eco-Industrial Park Project in Huizhou,
Guangdong Province, capitalizes on its infrastructure—
including deep-sea cages, mariculture platforms, and
related facilities—to support diversified activities such as
recreational fishing, marine science education, leisure
tourism, and water sports (SOHU, 2023)
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sea areas. These projects have been rigorously demonstrated to

support conditions for three-dimensional utilization.

Following these specific principles and rules, in this study, we

developed a functional conformity evaluation matrix for projects

(Figure 3). The evaluation principles include the following: (1)

enhancing adaptability and flexibility, and avoiding overly stringent

assessment to provide greater possibilities for subsequent MU. (2)

improving the efficiency of marine space utilization to prevent the

waste of spatial resources caused by the long-term idleness of

unused marine areas. (3) maintaining the stable execution of the

dominant function while integrating the requirements of “three-

dimensional” sea area use.

On the basis of these evaluation principles, we established the

following specific evaluation rules: (1) Functional zones with

significant changes in natural marine attributes are permitted to

conduct marine utilization projects that make minor alterations to

natural attributes. These projects represent low-intensity
Frontiers in Marine Science 05
development and will not exceed the ecological baseline or

development framework of the functional zone. (2) Functional

zones with large marine areas may conduct small-scale

development activities such as point-like utilization. Functional

zones with large marine areas often require substantial

investment, making it difficult to fully develop or effectively

utilize all areas in the short term. Point-like utilization enables

precise utilization of relatively underused marine areas, allowing

fragmented sea spaces to generate benefits rapidly. (3) For

functional zones that may remain undeveloped for a long time

(e.g., solid mineral, oil and gas, and renewable energy zones),

projects without fixed infrastructure construction are allowed

before the dominant function is utilized. This approach facilitates

rapid restoration of the marine environment to its original state

during subsequent development of the dominant functions. (4) The

dominant function of the marine reservation zone, as defined by

ICZP, remains unclear or difficult to develop. To enhance the
FIGURE 1

Classification of functional zones in China.
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utilization efficiency of marine spatial resources while facilitating

the restoration of marine areas to their original state, the marine

reservation zone permits short-term occupied projects without

fixed infrastructure construction or unavoidable linear projects.

(5) As mentioned earlier, encouragement of three-dimensional

sea use projects, such as cross-sea bridges, mariculture, thermal

water discharge, submarine cables and pipelines, and submarine

tunnels may utilize marine space through vertical stratification. (6)

Other special purpose sea area uses, as defined by the Guidelines for

Classifying Land and Sea Use for the National Land and Space

Survey, Planning and Zoning, refer to special sea areas excluding

those designated for military purposes, scientific research and

education, marine conservation and restoration, coastal

protection, pollution discharge and waste disposal, and protecting
Frontiers in Marine Science 06
cultural heritage. Because of their diverse functional characteristics,

an analysis based on actual conditions is required. Therefore, we

initially determined these areas to be potentially suitable for MU.

Note: The specific utilization purposes of “other sea areas”

remain unclarified. Among secondary marine utilization types,

“Agriculture, forestry and animal husbandry islands” mainly

targets uninhabited islands. “Military sea area use” is of

particularity—these types are excluded from the scope of

this discussion.

By using this evaluation matrix, we identified suitable types of

sea-use projects within a specific functional zone. For example, in

the nursery and mariculture zone, industrial projects, salt

production, and oil and gas extraction would be incompatible,

whereas capture, scientific research, and coastal protection could

be permitted. Additionally, fishery infrastructure, renewable energy

projects, and submarine cable and pipeline laying may be allowed

under specific conditions, provided that they do not disrupt

mariculture operations and involve low-intensity construction. In

Dalian, Liaoning Province, an innovative approach has been

successfully implemented in sea cucumber farming zones. By

using techniques such as “installing piles without clearing the

breeding area” and “installing piles with sea cucumbers present,”

offshore solar projects have been integrated without affecting sea

cucumber cultivation (The People’s Government of Liaoning

Province, 2025a).
3.3 Assessment of ecological requirement
feasibility

In MU scenarios, the ecological impact assessment of a project

on its functional zone requires comprehensive consideration of

various ecological and environmental factors. This approach

requires ensuring that projects do not cause irreversible harm to

biodiversity, and avoiding long-term adverse effects on the marine

ecosystem as a result changes in hydrological conditions. The most

critical aspect is that compatible sea-use projects must comply with

the environmental quality standards of the marine functional zones

—including seawater quality, marine sediment quality, and marine

biological quality—and must not cause irreversible changes to the

environmental quality.

Regarding the environmental quality standards for functional

zones, China has not yet issued updated national standards.

Therefore, the standards outlined in the National Marine

Functional Zoning (2011–2020) (Table 3) can still be applied. For

the environmental quality requirements of various sea-use projects,

we developed an evaluation matrix (Table 4) based on the definition

of sea area use types, characteristics of sea use impacts, expert

experience, and comparative analysis of seawater, sediment, and

biological quality standards. We determined seawater quality

according the Chinese national standard GB3097-1997, marine

sediment quality according GB18668-2002, and marine biological

quality according GB18421-2001.

In the matrix, “√” indicates that the sea-use project is permitted

under that specific quality standard, while “×” indicates it is not
TABLE 2 Sea area use classification.

No.
First-class
category

Second-class category

1
Fishery sea area

use

Fishery infrastructure sea area use

Nursery and mariculture sea area use

Capture sea area use

Agriculture, forestry and animal
husbandry islands

2

Industry,
minerals and

communication
sea area use

Industrial sea area use

Salt pan sea area use

Solid mineral sea area use

Oil and gas sea area use

Renewable energy sea area use

Submarine cable and pipeline sea area
use

3
Transportation
sea area use

Port sea area use

Navigation sea area use

Road, bridge, and tunnel sea area use

Airport sea area use

Other transportation sea area use

4
Tourism and
recreational sea

area use

Tourism sea area use

Recreational sea area use

5
Specialized sea

area use

Military sea area use

Scientific research and education sea
area use

Marine protection, restoration and
coastal protection project sea area use

Pollution discharge and dumping sea
area use

Cultural and heritage preservation sea
area use

Other special purpose sea area use

6 Other sea areas -
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FIGURE 2

Spatial stratification and utilization mode of marine space.
FIGURE 3

Functional conformity evaluation matrix for projects. The specific utilization purposes of "other sea areas" remain unclarified. Among secondary
marine utilization types, "Agriculture, forestry and animal husbandry islands" mainly targets uninhabited islands. "Military sea area use" is of
particularity—these types are excluded from the scope of this discussion.
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TABLE 3 Environmental quality standards for marine functional zones.

Sub-subzones Seawater quality Marine sediment quality Marine biological quality

Fishery infrastructure zone no worse than Class II no worse than Class II no worse than Class II

Nursery and mariculture zone no worse than Class II no worse than Class I no worse than Class I

Capture zone no worse than Class I no worse than Class I no worse than Class I

Port zone no worse than Class IV no worse than Class III no worse than Class III

Navigation zone no worse than Class III no worse than Class II no worse than Class II

Road, bridge, and tunnel zone no worse than Class IV no worse than Class III no worse than Class III

Industrial zone no worse than Class III no worse than Class II no worse than Class II

Salt pan zone no worse than Class II no worse than Class I no worse than Class I

Solid mineral zone no worse than Class IV no worse than Class III no worse than Class III

Oil and gas zone no worse than the current condition no worse than the current condition no worse than the current condition

Renewable energy zone no worse than Class II no worse than Class I no worse than Class I

Submarine cable and pipeline zone no worse than Class IV no worse than Class III no worse than Class III

Tourism zone no worse than Class II no worse than Class II no worse than Class II

Recreation zone no worse than Class II no worse than Class I no worse than Class I

Military zone – – –

Culture and heritage preservation zone
water quality requirements for use

functions
sediment quality requirements for use

functions
biological quality requirements for use

functions

Dumping Zone – – –

Other special purpose zones – – –

Marine reservation zone no worse than the current condition no worse than the current condition no worse than the current condition
F
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TABLE 4 Evaluation matrix for environmental quality requirements of sea-use projects.

Sea are use classification
Seawater quality

Marine sediment
quality

Marine biological
quality

I II III IV I II III I II III

Fishery infrastructure sea area use ✓ ✓ × × ✓ ✓ × ✓ ✓ ×

Nursery and mariculture sea area use ✓ ✓ × × ✓ × × ✓ × ×

Capture sea area use ✓ × × × ✓ × × ✓ × ×

Industrial sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Salt pan sea area use ✓ ✓ × × ✓ × × ✓ × ×

Solid mineral sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

Oil and gas sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

Renewable energy sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

Submarine cable and pipeline sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Port sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Navigation sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Road, bridge, and tunnel sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

Airport sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Other transportation sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

(Continued)
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permitted. For example, if a fishery infrastructure project requires

seawater quality no worse than Class II, it would be represented in

the matrix as: Class I “√”, Class II “√”, Class III “×”, Class IV “×”.

By referencing both Table 3 and Table 4, a preliminary

assessment can be made to determine whether a sea-use project

meets the environmental protection requirements of the functional

zone.If the environmental quality requirements of the sea-use

project are not lower than the current environmental quality

standards of the functional zone, the project is unlikely to have a

significant impact on the local ecological environment. In such

cases, the project can generally maintain the existing environmental

quality standards of the functional zone. Therefore, in MU

scenarios, from an ecological impact perspective, compatibility is

achievable when the environmental quality requirements of the sea-

use project are equal to or higher than the standards of the

functional zone.
3.4 Marine utilization demonstration

Marine utilization demonstration refers to a comprehensive

assessment process that can be used to determine the feasibility of a

proposed project and formulate relevant countermeasures. This

determination is based on surveying, investigating and analytically

evaluating of multiple factors, including: The natural geographical

conditions and resource-environmental status of the subject sea

area; the area’s locational characteristics and regional socio-

economic conditions; existing regional productivity layout and

the historical evolution of sea use; marine functions and projected

gains and losses from the sea use; disaster prevention and

mitigation, and national defense security.

The key focus of the marine utilization demonstration may vary

across different types of MU projects. For “temporary” and “co-

existence” sea area uses, the emphasis is on analyzing and evaluating

the degree of conformity between the project and the functional

zone of the marine area where it is located, as well as the scope and

extent of its impacts on marine resources and ecology in the

functional zone. The focus of “Three-dimensional” sea use is on
Frontiers in Marine Science 09
demonstrating the necessity and feasibility of the three-dimensional

development and utilization of the sea area. This type of use

requires an analysis of the coordination feasibility among

different marine users and surrounding stakeholders,

compatibility among different sea-use projects, the rationality of

the sea use duration, and the spatial scope of sea use. Taking “cross-

sea bridge + mariculture” as an example, its spatial scope is typically

clarified through a diagram (Figure 4).
4 Practical case: three-dimensional
layered rights to the use of sea areas
in China

4.1 Definition of three-dimensional layered
rights to the use of sea areas

The Three-dimensional layered right to the use of sea areas is

the process of confirming the right to use the specific sea area

occupied by each type of sea-use activity when two or more types of

sea use activities simultaneously utilize different depths of space in

the same area. The connotation is that more than one subject of sea

use may appear in the same area, and that sea-use activities of

different natures or uses can be compatible.
4.2 Feasibility of establishing three-
dimensional layered rights

Legal Basis: Article 2 of the Law of the People’s Republic of China

on Administration of the Use of Sea Areas (Law of Sea Areas),

released in 2001, stipulated that “ the sea areas refer to the water

surface, water body, seabed and subsoil of the inland waters and

territorial seas of the People’s Republic of China” (China Standing

Committee of the National People’s Congress, 2001). This

legislation clarified that sea areas are three-dimensional space

resources, and implied that human beings could utilize marine
TABLE 4 Continued

Sea are use classification
Seawater quality

Marine sediment
quality

Marine biological
quality

I II III IV I II III I II III

Tourism sea area use ✓ ✓ × × ✓ × × ✓ × ×

Recreational sea area use ✓ ✓ × × ✓ × × ✓ × ×

Scientific research and education sea area use ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Marine protection, restoration and coastal protection
project sea area use

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Pollution discharge and dumping sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×

Cultural and heritage preservation sea area use ✓ × × × ✓ × × ✓ × ×

Other special purpose sea area use ✓ ✓ ✓ × ✓ ✓ × ✓ ✓ ×
front
”√” indicates permitted, while “×” indicates not permitted.
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space more extensively, including not only the water surface, but

also water body of different as well as the seabed and subsoil. Article

23 of the Law of Sea Areas stipulated that “ pwners of the right to the

use of sea areas may not impede the non-exclusive use of sea areas

that does not interfere with their use of the sea areas in accordance

with law “. Under reasonable arrangements, the use of different

layers of space in the same sea area is allowed to conduct sea use

activities. Specification for Sea Area Use Register Investigation issued

in 2009 stipulated that “in case of special needs, the vertical use

range of the sea shall be defined in accordance with the actual

situation of the water surface, water body, seabed and subsoil

occupied by the sea for project purposes” (Standards Press of

China, 2009), which defined the scope of three-dimensional and

layered utilization of sea areas from an institutional level.

Management Feasibility: In the administration of the use of sea

areas, China has adopted a system of separation of ownership and

rights of use. Article 3 of the Law of Sea Areas has stipulated that

“the sea areas are owned by the State. Any entity or individual that

intends to use the sea areas is required to obtain the right to their

use in accordance with law.” The Ministry of Natural Resources of

China, as the state administration of marine space resources, has the

responsibility to establish the right of the sea areas (water surface,

water body, seabed, and subsoil) by layers. For example, within the

same marine space, aquaculture rights can be established in the

water body, submarine tunnel rights can be granted for the seabed,

and surface crossing right for bridges can be allocated on the water

surface. Those applying for sea area use may submit an application

to the national administrative department for marine spatial

resources in accordance with the law. Upon approval, they may

obtain a sea area use right certificate and formally become a holder

of the sea area use right.

Use Feasibility: The distribution of marine resources has three-

dimensional characteristics, For example, marine biological

resources and marine chemical resources are generally distributed

in the water body layer, renewable energy (e.g., tidal energy and

wave energy) are generally distributed in the water surface or water
Frontiers in Marine Science 10
body layer, and exploitable mineral resources (e.g., oil and gas and

sea sand) are generally distributed in the seabed or subsoil layers.

The realization of the value of a variety of marine resources depends

on all kinds of marine activities. According to three-dimensional

distribution characteristics of maritime resources, sea-use projects

may not necessarily utilize all vertical layers. Therefore, through

reasonable arrangements, a portion of these sea activities may be

vertically compatible and would not interfere with each other. For

example, the space above the water surface could be used to build a

cross-sea bridge, the water surface layer could be used to carry out

sea tourism or open up sea lanes, the water body layer could be used

to develop mariculture, the seabed layer could be used to lay

submarine cable conduits, and the subsoil layer could be used to

dig submarine tunnels and then be mined for mineral resources.

Technical Feasibility: With the application of new technologies

to the utilization and management of marine resources, the three-

dimensional and layered utilization of sea areas and rights

management have established a technical foundation. For

example, satellite remote sensing and global positioning systems

can achieve sub-meter and centimeter-level positioning and

measurement of sea areas, further reducing the cost and time

required to determine the scope of sea areas; acoustic doppler

current profiler and side-scanners can achieve accurate

measurements of ocean depth and seabed topography, thus

helping to determine the three-dimensional extent of the sea area.

The Time and Space Geographic Information System has increased

the management of water depth information and data, making the

approval and registration of the three-dimensional layered right to

the use of sea areas more scientific. The Dynamic Surveillance and

Monitoring System of Sea Area Use provides information about

changes in sea area use, which is helpful for the supervision and

management of three-dimensional sea area uses. These technical

means can be used to achieve an accurate survey and positioning of

the location, boundary, and scope of the sea area and to effectively

meet the needs of the three-dimensional layered right to the use of

sea areas.
FIGURE 4

Schematic diagram of the marine space for “cross-sea bridge + mariculture”. The base map is sourced from {it}Guidelines for Defining the Scope of
the sea for three-dimensional layered construction of sea areas (Trial).
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4.3 Definition of three-dimensional spatial
scope

The ocean is characterized by fluidity and openness, and the

location of the water surface and the depth of the water body are

always in a dynamic state of flux. Therefore, it is difficult to

accurately define the boundary of marine space. To establish

three-dimensional layered rights, it is necessary to clearly define

the users and the specific layers and scope of their usage as well as to

identify any temporarily occupied spaces (i.e., short-term spaces

utilized by maritime projects). This process is crucial to prevent

conflicts from arising about ambiguous maritime boundaries

among different users during their activities.

In November 2023, China issued the Guidelines for Defining

the Scope of the Sea for Three-Dimensional Layered Construction

of Sea Areas (Trial) (Ministry of Natural Resources, PRC, 2023b).

These guidelines clarified that the scope of three-dimensional space

of the sea area is generally defined according to the marine

space occupied by the primary sea-use project or the main sea

area space utilized in the sea-use activities. They also established

that the space for the use of the sea area is defined according to the

layers of the water surface, water body, seabed, and subsoil and that

the scope of the heights and depths are determined by numerical

quantification or textual qualification. For example, offshore PV,

cross-sea bridges, and other projects involve the use of multiple

layers, which then define the scope of the right to the use of these sea

areas according to the space occupied by the main project. Similarly,

mariculture, submarine cable conduits, warm (cold) water

discharge, and other projects involving the use of a particular sea

layer can be used in the textual description of the scope of the

elevation. (Table 5).
4.4 Three-dimensional sea-use project
approval

The approval of the three-dimensional layered right to the use

of sea areas applies to two situations (Figure 5). The first situation is

applied to a three-dimensional layered right in a sea area where the

right to the use of the sea areas has already been established. In this

case, the project applicant should reach an agreement with the

original owner of the right to use the sea area, and then may

complete the procedures for the use of the sea in accordance

with the law. This process prevents conflicts between the newly

established right to use and the original right to use. The second

situation is applied to a three-dimensional layered right in the

sea areas where the right to the use of sea areas has not

been established. In this case, after reviewing the feasibility

of three-dimensional and layered utilization of sea areas,

the approval process can be conducted in accordance with the

law, and information of the spatial scope of the sea area can

be clarified.
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4.5 Progress of three-dimensional right
confirmation in coastal provinces

4.5.1 Establish a system and norms
Since 2020, China’s coastal provinces and municipalities have

actively explored and practiced the three-dimensional layered right

to the use of sea areas. These coastal areas have introduced a series

of related systems and norms of sea areas, which has provided a

policy basis for the three-dimensional layered right to the use of sea

areas and promoted the local management of sea areas from “two-

dimensional” to “three-dimensional” layered rights (Table 6). These

provinces share common ground for the three-dimensional layered

management of the sea area: First, local management has clarified

the types of activities that can be applied to three-dimensional

layered rights, including offshore PV, offshore wind power, cross-

sea bridges, mariculture, warm water discharge, baths, playgrounds,

submarine cable conduits, submarine tunnels, and submarine

venues. Second, the constraints and leadership of territorial

spatial planning (including MSP, land use planning, and other

planning) have been strengthened. Third, argumentation on the use

of sea areas has been strengthened and has fully demonstrated the

feasibility and necessity of three-dimensional and layered utilization

of sea areas. Fourth, these regions have standardized the procedures

for approving and registering the use of the sea.

4.5.2 Improving the utilization of resources at all
layers of sea areas

In the context of the continuous expansion of sea use demand,

many sea-use projects have used only part of a layer of sea areas,

leaving most of the remaining space idle and resulting in increased

scarcity of space resources in the sea area. The provinces have

significantly improved the level of development and utilization of

resources at all layers of the sea areas through the development of

three-dimensional layered utilization of sea areas with different

combinations, such as “submarine cable conduits + wharf,”

“submarine cable conduits + outfall,” “PV + warm water

discharge,” and “seawall + sea-viewing platform.”

For example, in Zhejiang Province, the “submarine cable

conduits + wharf” project in Jiaxing Port used the subsoil layer for

cable conduits construction in the port area; the layered right to the

use of the sea areas was 14 hectares (The People’s Government of

Pinghu City, 2022). In Xiangshan County, the “seawall + cable

conduits” project involved seabed repair and strengthening the sea

pond. It used the seabed layer for maintenance and reinforcement of

the seawall, and the subsoil layer for cable conduits construction. The

layered right to the use of the sea areas was 0.05 hectares (Ningbo

Bureau of Natural Resources and Planning, 2022). As of 2024,

Zhejiang Province had cumulatively approved 180 projects of

three-dimensional layered right, covering nearly 1,700 hectares of

sea area (China Central Television, 2025). Liaoning Province had

reached a total of 500,000 hectares under a three-dimensional layered

right (The People’s Government of Liaoning Province, 2025b).
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In 2024, China approved 4,495 new sea-use projects, spanning

263,300 hectares (Ministry of Natural Resources, 2024).

4.5.3 Improving economic and ecological
benefits

Three-dimensional layered utilization of sea areas have the

potential to fully realize the benefits of sea area uses. Taking the
Frontiers in Marine Science 12
“Mariculture + PV Power Generation” model as an example, this

approach became the prevalent form of a three-dimensional layered

right configuration in China. It involves the development and

construction of PV power generation projects utilizing the spatial

resources of fish ponds, in which the upper layer is designated for

electricity generation and the lower layer is designated for fish

farming. The advantages of this model are twofold. First, it
TABLE 5 Scope of three-dimensional layered right for sea-use projects.

Sea-use projects and methods
Sea-use
layer

Temporarily occupied layer
Scope of three-dimensional

layered right

Fishery sea area use

Raft Aquaculture &
Aquaculture In Cage

Water Surface
Water Body

Seabed
Subsoil

The lowest edge line of aquaculture
equipment to the mean sea level

Bottom Sowing
Aquaculture

Seabed
Water Surface
Water Body

Existing seabed elevation to the as-designed
or as-used elevation

Artificial Fish-Reef Seabed
Water Surface
Water Body

Existing seabed elevation to the top elevation
of the artificial reef structure

Enclosure
Aquaculture

Water Body
Water Surface

Seabed
Existing seabed elevation to the existing

water surface

Industry, minerals and
communication sea area

use

Warm (Cold) Water
Discharge

Water Body –
Existing seabed elevation to the mean sea

level

Offshore PV Water Surface
Water Body

Seabed
Subsoil

Mean sea level to maximum upper edge
elevation of PV panel

Offshore Wind
Power

Water Surface
Water Body

Seabed
Subsoil

Mean sea level to the elevation of the wind
turbine blade tip

Salt Pan Water Body
Water Surface

Seabed
Existing seabed elevation to the existing

water surface.

Submarine cable
conduits (seabed

laying)
Seabed

Water Surface
Water Body

Existing seabed elevation to the as-designed
or as-used elevation

Submarine cable
conduits (subsoil

burial)
Subsoil

Water Surface
Water Body

Seabed

Lower edge elevation of the cable/pipeline to
the as-designed or as-used elevation

Transportation sea area
use

Port Water Surface
Water Body

Seabed
Subsoil

Maximum vessel draft to the highest point
elevation of the vessel

Navigation Water Surface
Water Body

Seabed
Subsoil

Maximum vessel draft to the highest point
elevation of the vessel

Cross-sea bridges Water Surface
Water Body

Seabed
Subsoil

Bottom elevation of bridge to top elevation
of bridge

Submarine tunnels Subsoil – Bottom to the top of the tunnel

Tourism and recreational
sea area use

Bathhouse
Water Surface
Water Body

Seabed Existing seabed elevation to sea level

Amusement park
Water Surface
Water Body

Seabed
Lower edge line to upper edge line of

amusement facilities

Underwater venue Subsoil –
Lower edge elevation of coastal protection
project to actual design or service elevation

Specialized sea area use
Coastal Protection

Project
Water Body

Seabed
Water Surface

Subsoil
Lower edge elevation of coastal protection
project to actual design or service elevation
Drawn in accordance with the Technical Specifications for Three-Dimensional Stratified Right-Setting of Sea Area Use Right in Jiangsu Province (Draft) (Jiangsu Market Supervision and
Administration Bureau, 2025).
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FIGURE 5

Approval procedure of the three-dimensional layered right to the use of sea areas.
TABLE 6 Provincial policy documents of the three-dimensional layered right.

Province Documents Date of issue Key features

Liaoning

Notice on Clarifying Matters Relating to the Management
of Sea Use for Fishing and Lighting Complementation

Apr. 2021 Add new types of three-dimensional sea area use activities,
including offshore wind power, bathing beaches and

underwater venuesNotice on the Promotion of Layered Right to the Use of
Sea Areas (Trial)

July 2023

Hebei

Notice on the Promotion of Layered Right to the Use of
Sea Areas

Dec. 2020 Add new types of three-dimensional sea area use activities,
including offshore PV, offshore wind power, bathing
beaches, amusement parks and underwater venuesNotice on Regulating Sea Use for Offshore PV Projects Dec. 2023

Shandong
Notice on Promoting the Layered Use of Sea Area for
Offshore PV Power Generation Projects

Oct. 2022
Refine the sea area use methods and scope for pile

foundations, photovoltaic arrays and submarine cables in
offshore PV projects

Zhejiang

Notice on the Promotion of Layered Right to the Use of
Sea Areas

Apr. 2022

Refine the key contents of sea area use demonstration for
three-dimensional sea area use projects

Technical Specification for the Definition of Three-
dimensional and Layered Utilization of Sea Areas (Trial)

Nov. 2022

Notice on Several Policy Measures for Strengthening the
Guarantee of Natural Resource Factors to Promote Stable

and High-Quality Economic Development
Jan. 2023

Guangdong
Notice on the Promotion of Layered Right to the Use of
Sea Areas

Sep. 2023
Refine the stratification standards for sea area use types
(water surface: bridges/photovoltaics; water body: warm
drainage; seabed: aquaculture; subsoil: cables/tunnels)

Guangxi
Opinions on the Development of Three-dimensional
Layered Right to the Use of Sea Areas

Dec. 2022
Propose that pile-supported offshore photovoltaic power

should implement stratified right-setting

Hainan

Implementation Plan for the Reform of the Property Right
System of Natural Resource Assets

Sep. 2021

Clarify the rules for the transfer of right and
responsibilities during the transfer of stratified right-setting

Notice on Several Policy Measures for Strengthening the
Guarantee of Natural Resources and Planning Factors to
Support Stable Economic Development

July 2022

Notice on the Promotion of Layered Right to the Use of
Sea Areas (Trial)

Mar. 2023

(Continued)
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contributes to the optimization of the energy structure by directly

converting solar energy into electricity. The power generation

process produces zero carbon emissions, effectively alleviating

ecological pressure and aligning with sustainable development

strategies. Statistics have indicated that constructing a 1 MW

solar power station requires 20–30 mu (approximately 1.33–2

hectares) of fish pond surface area and can reduce carbon dioxide

emissions by approximately 1,000 tons annually (Energy

Administration of Shandong Province, 2022). Second, the shading

effect of PV panels reduce sunlight exposure, lower water surface

temperature, and minimize water evaporation. This, in turn, fosters

the conservation of aquatic vegetation, creating a more favorable

environment for fish growth and feeding. Consequently, it

contributes to increased economic income for local residents. For

instance, a 12.5 MW “Mariculture + PV Power Generation” project

spanning 145 mu (approximately 9.67 hectares) in Guangdong

Province generated an additional annual economic revenue of

more than 1 million yuan for the local economy (People’s Daily,

2024). In 2024, China’s gross ocean product exceeded 10 trillion

yuan for the first time, accounting for 7.8% of the national gross

domestic product. Three-dimensional sea-use models, such as this

one have played a critical role in this achievement (Ministry of

Natural Resources, PRC, 2024a).
4.5.4 Activating local tourism resources
Three-dimensional and layered utilization of the sea areas has

enriched local tourism activities. For example, the “seawall + sea-

viewing platform” project in Zhejiang Province integrated, seawall

management and riverside landscape, and met the needs of the

public for rest and sightseeing; The “mariculture+ PV power

generation” project in Jiangsu Province not only made large-scale

PV facilities and modernized mariculture equipment to attract

tourists, but also added industrial science and technology to the

local tourism industry. In 2024, the value-added of China’s marine
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tourism reached 1,613.5 billion yuan, representing a year-on-year

increase of 9.2% (Ministry of Natural Resources, PRC, 2024b).
5 Challenges and future development
trends of MU of the sea in China

5.1 Issues and challenges

5.1.1 Lack of three-dimensional sea use planning
A series of marine-related plans in China, including MFZ,

Marine Main Functional Area Planning, and Integrated Coastal

Zone Protection and Utilization Planning, divide functional zones

according to a two-dimensional perspective. As a result, three-

dimensional sea use is driven primarily by individual sea-use

projects. This means that three-dimensional sea use occurs only

when sea area users have specific demands.

Under this model, sea area users are not required to consider the

overall allocation of marine spatial resources or the optimization of

three-dimensional spatial layouts. This approach leads to

fragmented development, where the three-dimensional use of sea

areas is determined solely by individual users. Such an approach

hinders the optimization of marine spatial arrangements and

restricts future development of layered sea use.

5.1.2 Stakeholder coordination
The ocean is fluid, making physical isolation between different

sea-use projects impossible. This contributes to spatial and

environmental interference, thus increasing the difficulty of

stakeholder coordination. In China’s MU, two main scenarios

exist: first, applying for new sea-use projects in areas where sea

use rights have already been granted, and second, applying for

multiple sea-use projects simultaneously in areas where no sea-use

rights have been established.
TABLE 6 Continued

Province Documents Date of issue Key features

Fujian
Notice on Strengthening the Guarantee of Land and Sea
Area Use to Support the Development of the “Three New”
Economy

Oct. 2022

Propose to support the implementation of three-
dimensional layered right for highly compatible projects

such as fishery-solar complementation, deep-sea
aquaculture and marine pastures

Shanghai
Three-Year Action Plan for Refined Water and Ocean
Management (2024-2026)

Mar. 2024
Propose to carry out research on three-dimensional layered

right

Tianjin
Notice on Trial Implementation of Layered Right to the
Use of Sea Areas

June 2024
Refine the requirements for delimiting the scope of sea

area parcels for three-dimensional layered right-setting of
structure-based sea area use

Jiangsu

Notice on Promoting and Regulating the Work of Three-
Dimensional Layered Right to the Use of Sea Areas (Draft
for Comment)

Aug.2023
Refine the three-dimensional spatial scope of various sea-

use projects
Technical Specifications for Three-Dimensional Stratified
Right-Setting of Sea Area Use Right

Sep. 2025
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The first scenario requires coordination with existing sea-use

rights holders. Because newly applied-for projects and existing

projects may have different timelines for obtaining sea-use rights

and construction periods, their interactions become more complex,

making coordination more difficult. The sea development and

utilization cycle can be divided into construction, operation, and

maintenance phases. Even if different projects can avoid

interference during operation, impacts from new projects during

their construction and maintenance phases are often unavoidable.

This is a key focus area when coordinating with existing rights

holders. Solutions include compensating affected rights holders,

defining rights and responsibilities, and establishing dispute

resolution mechanisms. The lack of unified standards for

compensation and responsibility allocation, however, often leads

to prolonged coordination periods and difficulties in

reaching agreements.

The second scenario requires considering the integration of MU

during the project design, application, and construction phases.

Projects with higher dimensional interconnections require

thorough communication and cooperation with stakeholders

starting from the early stages. Currently, communication channels

and collaboration mechanisms between stakeholders remains

underdeveloped, with no stable coordination framework

established. Therefore, in practice, the second scenario usually

involves a single sea use rights holder applying for multiple sea-

use projects simultaneously, which significantly reduces stakeholder

coordination issues.

5.1.3 Insufficient technical support
Currently, MU of the sea lacks technical support for disposal

management of offshore structures and a model for three-

dimensional sea use.

Regarding the model for three-dimensional sea use, multiple

coexisting uses at different depths within the same sea area may lead

to conflicts between sea-use projects across various layers during the

same period. For example, the construction of cross-sea bridges can

somewhat harm the quality of seawater, affecting mariculture

activities and the utilization of tourism resources. When different

sea-use projects occupy layered spaces, it is essential to ensure that

sea-use demands are met without have a negative impact on

projects in other layers. Therefore, researching a three-

dimensional sea-use model and to developing compatibility lists

for the layered use of sea areas by different projects is crucial.

Current policies in China, however, only categorize three-

dimensional sea-use projects as “encouraged,” “prohibited,” or

“permitted” from a single-project perspective, lacking a

comparative analysis with other sea-use projects. This

shortcoming has hindered practical application.

In terms of offshore structure disposal management, the three-

dimensional layered right to the use of sea areas may lead to the

development of industrial models, such as “offshore wind power+”

“cross-sea bridges+” and “offshore platforms+”, thus promoting the

continuous expansion of the number, types and scale of offshore
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structures. With this increase in three-dimensional sea-use projects,

the distribution density of offshore structures (such as oil and gas

platforms, offshore production facilities, and offshore fixed

platforms) has increased rapidly, and the demand for subsequent

demolition and disposal management of structures will also

increase. Currently, China has established relatively detailed

regulations for the disposal of offshore oil and gas platforms and

production facilities, such as the Interim Regulations on the Disposal

of Offshore Oil and Gas Production Facilities and the Interim

Measures for the Abandonment Management of Offshore Oil

Platforms. Although the disposal of other structures is supposed

to follow these regulations, the wide variety of offshore structures,

with significant differences in quantity, form, distribution, and post-

abandonment impacts, has made uniform application challenging.
5.2 Development trends and
recommendations

5.2.1 Explore three-dimensional MSP
Establishing the three-dimensional layered right to the use of

sea areas requires multiple rights of use in different layers of the

same sea area. According to Law of the Sea Areas, the prerequisite

for obtaining the right to use of sea areas is that sea use must

conform to MFZ. For projects that are not in accordance with MFZ,

marine departments will reject the application and require the

applicant to select other sites on the basis of MFZ (Teng et al.,

2019). MFZ, however, focuses on planarization marine

management, and other than identifying dominant functions,

additional utilization values have not been reflected. Therefore,

future MSP should consider the two dimensions planar layers, and

three-dimensional layers and should formulate three-dimensional,

especially for offshore areas with a large demand for three-

dimensional layering.

First, it is necessary to determine the baseline data for three-

dimensional marine spatial resources and to comprehensively

understand the distribution of various sea-use projects across

vertical spaces—such as the water surface, water body, seabed,

and subsoil—within the planning area. This effort could be

achieved by first defining their horizontal spatial scope, then

overlaying the vertical spatial usage ranges to obtain the current

state of layered utilization. For example, in the horizontal

dimension, the types and scope of sea-use projects have been

identified based on sea-use rights data and have been

supplemented by sector-specific marine data, remote-sensing

interpretation, and field survey data. In the vertical dimension, it

is necessary to analyze the vertical spatial usage characteristics of

sea-use projects based on practical experience in layered sea use.

Table 5 mentioned earlier can serve as a reference. Accordingly, the

characteristics and current state of three-dimensional marine

spatial usage can be derived. Combining this data with the

demand for layered sea use, the development direction, goals, and

layering principles for layered sea use can be clarified.
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Second, zoning for three-dimensional layered use should be

established, with advanced planning for large-scale linear marine

projects such as submarine cables, pipelines, and tunnels.

Additionally, permissible development modes for the space above

the seabed must be clearly outlined. Three-dimensional MSP should

be based on MFZ. Planning should integrate two-dimensional

functional zones to define the scope of vertical space to support

dominant functions. This layer should be designated as the

dominant functional layer, granting it priority development

rights. On this basis, a comprehensive analysis of natural,

economic, and social conditions should be conducted to identify

other utilizable vertical spaces and their ranges, forming compatible

functional layers.

Finally, spatial management measures for stratified sea-use

zones should be proposed, specifying environmental protection,

and maritime safety. In terms of environmental protection, the

impacts of project construction on water quality and hydrodynamic

conditions must be considered to avoid adverse effects on sea-use

projects such as mariculture and tourism. In terms of safety, it is

essential to protect facilities or structures such as submarine cables,

cross-sea bridges, and offshore wind power pile foundations. When

other sea-use projects need to be conducted in their vicinity,

sufficient consideration should be given to maintaining safe

distances from the facilities or structures to avoid damage

during construction.
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Currently, Chinese scholars (Wang et al., 2013; Ma et al., 2023;

Li et al., 2025) have employed methods such as GIS spatial analysis,

Analytic Hierarchy Process (AHP), and fuzzy mathematics to

construct models for three-dimensional MSP.

5.2.2 Research on modeling marine resource
allocation based on three-dimensional utilization

In some cases, three-dimensional and layered utilization of sea

areas may lead to conflicts between different layers of sea use

activities during the same time period. For example, the

construction of the cross-sea bridge could damage the quality of

seawater resources, and affect the utilization of mariculture

activities and tourism resources. Therefore, the layering of the use

of sea areas by different sea-use projects should ensure that the

needs of sea use are met without affecting other layers of sea-use

projects. Research on the model of marine resources allocation

based on three-dimensional utilization has proposed the collocation

list of different three-dimensional layered utilization activities

(Table 7), which can be used as a basis for establishing three-

dimensional layered right to the use of sea areas at the national and

local levels. At present, Chinese scholars (Cheng et al., 2023; Li and

Liu, 2019) have distinguished between the model of marine

resources allocation based on the principle of “spatial exclusion”,

and other factors such as the safety of sea activities, ecological

impact of sea use behaviors, the spatial continuity of marine space,
TABLE 7 Collocation list of different three-dimensional layered utilization activities.

Activities
Cross-
sea

bridge

Navigati-on
channel

Marine
recreational
activities

Warm
(cold)
water

discharge

Maric-ulture
Submarine
pipeline

Submarine
tunnels

Offshore
photovoltaic

Cross-sea
bridge

× – – ✓ – ✓ – ×

Navigation
channel

– × × ✓ – ✓ ✓ ×

Marine
recreational
activities

– × × – – ✓ ✓ ×

Warm (cold)
water

discharge
– – – × × ✓ ✓ ✓

Mariculture – – – × × ✓ ✓ ✓

Submarine
pipeline

✓ ✓ ✓ ✓ ✓ × ✓ ✓

Submarine
tunnels

– ✓ ✓ ✓ ✓ ✓ × ✓

Offshore
photovoltaic

× × × ✓ ✓ ✓ ✓ ×
1. “√” indicates that the two activities can be allocated to different vertical layers under certain preconditions. “×” indicates that the two activities are incompatible for layered use due to primary
sea-use layer overlap. “-” indicates that while the primary sea-use layer of the two activities do not overlap, their temporarily occupied layer overlap or the safety may be compromised.
2. Drawn based on research findings by Chinese scholars.
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and the landscape and the quality of marine environment which

have also been comprehensively considered. Among these other

factors, the principle of “spatial exclusion” means that the spatial

areas used by different marine projects do not overlap. If the

primary sea-use layer of different projects coincide, layered sea

use is not feasible. If the primary sea-use layer or temporarily

occupied layer of one marine project overlaps with the temporarily

occupied layer of another, compatibility must be determined based

on actual conditions.

5.2.3 Improving the disposal management of
offshore structures

There are multiple approaches to offshore structure disposal, a

process that often requires substantial engineering and results in

high costs. Thus, it warrants clear regulatory constraints. At present,

China scholars (Meng et al., 2023; Li et al., 2020) researching the

disposal management of offshore structures have constructed a

fundamental management framework and proposed a concrete

implementation pathway. First, a phased management system has

been proposed, covering predisposal planning, disposal activities,

and reuse phases. Second, standards for the demolition of marine

structures have been defined. This framework has outlined

principles for mandatory demolition, such as when a structure

interferes with subsequent sea-use projects but has not yet formed a

complete ecosystem, or when these structures may cause severe

marine ecological pollution or pose threats to maritime safety. It is

necessary to specify ecological restoration requirements after

demolition to ensure that the ecological environment quality does

not deteriorate. Third, ecological impact assessments are needed to

guide disposal decisions. According to past cases, disposal options
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include complete demolition, partial demolition, consistent use, or

modification and reuse (Figure 6). The key determinant is the

ecological impact: If removal would damage established ecosystems,

preservation or reuse should be prioritized.
6 Conclusion

MU of the sea is an effective approach to alleviate the scarcity of

marine spatial resources and resolve spatial overlap or conflict

among different industries. In China, MU of the sea encompasses

three categories: “temporary,” “three-dimensional,” and “co-

existence” sea use. Among these, the “three-dimensional” model

has become a key area focus in both theoretical research and

practical application.

The implementation of three-dimensional layered rights

represents a novel breakthrough in China’s sea use management

system and signifies a future direction to reform the marine spatial

governance framework. Through this approach, the utilization

efficiency of resources across different marine layers has been

enhanced, economic and ecological benefits have been significantly

strengthened, and tourism resources have been enriched. Despite

these achievements, several challenges persist in practice, including

relatively broad management regulations, insufficient coordination in

the sequencing of layered marine development, and the absence of an

appropriate three-dimensional marine cadastre registration model.

As pilot initiatives expand across China, the focus of three-

dimensional sea use has shifted from model exploration to spatial

management. Key issues for future three-dimensional sea use

management will include: exploration of three-dimensional MSP,
FIGURE 6

The basic logic of disposal management of offshore structures.
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research on a model of marine resources allocation based on three-

dimensional utilization, and improvement of regulations for the

decommissioning of offshore structures.
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