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Abstract: As stratified sea-use rights continue to develop, marine management is expected to evolve 
toward  comprehensive  three-dimensional  marine  spatial  planning.  Existing  research  remains 
concentrated  at  project  and  micro  scales.  This  paper  explains  the  necessity  of  three-dimensional 
planning from the perspectives of high-quality marine development, optimized allocation and overall  
organization  of  three-dimensional  resources,  and  intensive  use  of  nearshore  space.  It  constructs  a 
framework  spanning functional,  temporal,  developmental,  and rights  dimensions,  then proposes  an 
overall technical approach. Key relationships concern three-dimensional and two-dimensional planning, 
stratified use, and planar and vertical functions. Priority tasks include surveying current stratified use,  
evaluating suitability,  organizing three-dimensional  functions and space, and formulating use-control 
rules.
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Oceans provide coastal societies with essential resources and development space. Expanding global 
use has increased scarcity and conflict, encouraging coastal states to adopt marine and coastal spatial  
planning [1-4], detailed marine planning [5-6], multi-use marine planning [7], and ocean multi-use [8]. 
China  has  also  developed  three-dimensional  stratified  sea-use  rights  under  the  Sea  Area  Use 
Management Law [9]. This institution divides and allocates vertical space so that different activities can 
use different depths within the same sea area [10-15]. It has advanced since 2015, but current practice  
still needs a planning framework that moves from individual projects to regional organization [16-18].

 1 Why Three-dimensional Marine Spatial Planning Is Necessary

1.1 Supporting High-quality Marine Economic Development
Dense  combinations  of  ports,  aquaculture,  renewable  energy,  tourism,  cables,  pipelines,  and 

ecological  protection  make  two-dimensional  allocation  increasingly  inadequate.  Three-dimensional 
planning  can  reduce  spatial  conflict,  enable  compatible  activities,  and  align  projects  with  broader 
economic  and environmental  objectives.  It  turns  project-specific  stratified rights  into  a  coordinated 
spatial structure and supports efficient marine development [16-19].

1.2 Optimizing Allocation and Overall Organization of Three-dimensional Resources
Individual stratified-rights projects may solve local conflicts while creating fragmentation at regional 

scale.  Planning  is  needed  to  identify  cumulative  effects,  connect  infrastructure,  reserve  corridors, 
coordinate  neighboring  projects,  and  establish  an  overall  arrangement  of  surface,  water-column, 



seabed, and subsoil uses. A regional perspective also makes rights assignment transparent and helps  
balance sectoral claims [19-21].

1.3 Promoting Intensive and Efficient Use of Nearshore Space
Nearshore  areas  are  especially  congested.  Coordinating  compatible  vertical  uses  can  reduce 

horizontal expansion, improve utilization, and preserve ecological space. Examples include combining 
aquaculture with offshore photovoltaics, coordinating wind power with fisheries, and sharing corridors 
for  bridges,  cables,  and pipelines.  Compatibility  depends  on  environmental  conditions,  construction 
methods, timing, safety, and rights [18,22-23].

 2 Fundamental Understanding

2.1 Functional Dimension: Coordinating Vertical Functions
Conventional planning uses horizontal zoning and buffer separation to reduce interference. Vertical 

planning has less room for separation and must treat spatial exclusivity as a primary criterion. Each 
activity requires a defined vertical range, and compatible activities may enter only when they do not 
undermine the dominant function. Ecological objects often extend from the surface to the seabed, so 
apparent unused depth is not automatically developable space.

2.2 Temporal Dimension: Coordinating Development Sequence
Construction and maintenance can temporarily conflict even when completed uses are compatible. 

Planning should distinguish concurrent and sequential compatibility, account for construction windows 
and operational cycles, and coordinate early and late projects. Wind-power construction may need to 
precede  aquaculture,  and cable  or  pipeline  installation may require  temporary  exclusion.  Timing  is  
therefore part of spatial allocation.

2.3 Development Dimension: New Paths for Marine Ecological Space
Nearshore ecological redlines can restrict infrastructure that cannot avoid protected areas. Because 

many  ecological  targets  occupy  a  specific  vertical  range,  carefully  controlled  directional  drilling  or  
subsurface passage may satisfy infrastructure needs without weakening protection. Three-dimensional 
planning  can  identify  such  possibilities  while  maintaining  ecological  objectives  and  specifying  strict  
construction conditions.

2.4 Rights Dimension: Coordinating Multiple Stakeholders at a Wider Scale
Planning  expands  stratified  use  from  a  vertical  project  arrangement  to  a  regional  institutional 

process.  Management  departments  assume  greater  responsibility  for  balancing  users,  sequencing 
projects,  allocating  rights,  and  defining  compensation  and  supervision.  Planning  must  therefore 
coordinate public  and private  rights  through use control,  construction oversight,  and compensation 
mechanisms.

 3 Technical Logic and Implementation

3.1 Overall Approach



3.1.1 Linking Three-dimensional Planning, Two-dimensional Planning, and Stratified Use

Three-dimensional planning should be founded on the current two-dimensional marine planning 
system.  Existing  functional  zones  retain  their  dominant  role,  while  vertical  planning  introduces  
compatible layers and project sequencing. It integrates the regional scope and governance logic of two-
dimensional planning with the technical experience of stratified-rights projects.

Fig. 1  Comparison of three-dimensional marine spatial planning, two-dimensional marine spatial planning, and 
stratified use

3.1.2 Linking Planar and Three-dimensional Functions

A three-dimensional functional zone extends from an existing two-dimensional zone. The vertical  
range required by the dominant planar function becomes the dominant layer;  other ranges may be 
designated  as  compatible  layers.  This  preserves  the  established  planning  system  while  avoiding 
functional confusion. Areas without a need or suitable conditions for stratified use may remain under 
conventional two-dimensional zoning.



Fig. 2  Transition from two-dimensional to three-dimensional marine functional zoning

3.2 Main Technical Stages



Fig. 3  Main technical stages of three-dimensional marine spatial planning

3.2.1 Surveying Current Stratified Use

The survey should document how every activity occupies the surface, water column, seabed, and  
subsoil. Two-dimensional plans often show only horizontal extent and omit vertical use. Marine-rights 
data,  sectoral  plans,  remote  sensing,  field  investigation,  and  project  documentation  should  be 
integrated to determine actual vertical ranges and current conflicts.

Fig. 4  Evaluation of the planar extent of marine-use activities



Table 1  Vertical-space characteristics of marine-use activities

3.2.2 Suitability Evaluation for Stratified Use

Suitability assessment first identifies the principal, ancillary, and construction space of each activity 
and then evaluates compatibility between activity pairs. Regional conditions, resources, environment, 
development demand, policy guidance, industrial advantages, and stakeholder interests are considered 
together. The result identifies combinations that can share vertical space and those requiring exclusion 
or sequence control.



Table 2  Suitability assessment of stratified marine-use combinations

3.2.3 Three-dimensional Functional Zoning and Spatial Layout

Planning should define the vertical range of the dominant function, designate compatible layers, 
and classify areas by development potential. High-potential zones have suitable conditions and strong 
demand; medium-potential zones contain linear infrastructure or limited combinations; restricted zones 
are unsuitable for stratified development.  Not every layer requires a use,  and compatible functions 
should be designated only when real need and feasibility exist.



Fig. 5  Schematic three-dimensional spatial layout and zoning

3.2.4 Formulating Use-control Rules

Rules should regulate functional compatibility, construction timing and method, spatial rights, and 
environmental  effects.  They  should  protect  cables,  bridges,  wind  foundations,  and  other  facilities;  
specify  seasons  and  operational  windows;  control  construction  intensity  and  disturbance;  prevent 
impacts on water quality, hydrodynamics, sediment, and landscape; and define compensation where 
one activity imposes costs on another.

3.3 Implementation Pathways
Two  pathways  are  feasible  within  the  current  territorial  spatial  planning  system.  First,  three-

dimensional content can be incorporated into coastal-zone special plans, including survey, suitability 
evaluation,  zoning,  layout,  and  control  rules.  This  approach  connects  two-  and  three-dimensional  
planning and reduces conflicts between systems. Second, it can be incorporated into detailed marine 
plans now being piloted in Shenzhen, Sanya, Qingdao, and other cities. Detailed planning is well suited  
to precise local layout and the project-level requirements of three-dimensional use.

 4 Conclusions and Discussion
Three-dimensional  marine  spatial  planning  is  a  new  form  of  marine  planning  and  a  special 

mechanism for allocating marine resources. It should coordinate vertical functions, development timing,  
stakeholder rights, and the relationship between planar and three-dimensional functions. Its principal 
technical stages are the survey of existing stratified use, suitability evaluation, functional zoning and 
spatial  layout,  and  use-control  formulation.  The  proposed  assessment  method,  distinction between 
dominant and compatible layers, and classification of development-potential zones have direct practical  
value.



The transition from stratified projects to planning moves management from micro to macro scale 
and from a vertical dimension to fully three-dimensional organization. Because China's marine planning 
system  and  relevant  legislation  are  still  evolving,  theory  and  methods  require  further  testing. 
Conditional coastal  regions should pilot the approach through coastal-zone special  plans or detailed 
marine plans and use implementation feedback to refine the system.
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