
Citation: Zhao, Q.; Teng, X.; Zhang,

P.; Kang, W.; Meng, X.; Wang, S.

Research on the Delimitation of

Marine Spatial Pattern Based on the

Goal of “Carbon Peaking and Carbon

Neutrality”. J. Mar. Sci. Eng. 2022, 10,

1566. https://doi.org/10.3390/

jmse10101566

Academic Editor: Erkan Oterkus

Received: 30 September 2022

Accepted: 17 October 2022

Published: 21 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Marine Science 
and Engineering

Communication

Research on the Delimitation of Marine Spatial Pattern Based
on the Goal of “Carbon Peaking and Carbon Neutrality”
Qiwei Zhao, Xin Teng *, Panpan Zhang, Wanchao Kang, Xue Meng and Shuang Wang

National Ocean Technology Center, Tianjin 300112, China
* Correspondence: tengxin@tju.edu.cn

Abstract: In the context of carbon peaking and carbon neutrality (“double carbon”), it is urgent to
clarify the effect of marine spatial planning (MSP) on carbon sink increases and emission reductions,
since such planning acts as a spatial governance tool for the earth’s largest carbon pool. In this paper,
a linkage model between marine spatial functional zones and carbon distribution is established. To
explore the relationship between marine spatial functional zones and carbon, the study analyzed
the carbon increase or reduction role of sea-use activities in each zone and considered the carbon
sequestration function of the marine ecosystem itself. A marine spatial pattern of “Two Spaces and
Four Carbon Areas” is proposed to present the linkage. A carbon distribution pattern in marine
space is delimited using the linkage model and the current MSP in the case study of the city of
Tangshan, Hebei, China. Some measures have been taken or planned to be taken in Tangshan to
improve the carbon sink function of the ecosystem and the marine space. The supporting role of MSP
in achieving the “double carbon” goal is studied, and the paths and suggestions for integrating the
“double carbon” goal into MSP are explored.

Keywords: carbon peaking and carbon neutrality (“double carbon”); carbon emission reduction;
carbon sink increase; marine spatial planning (MSP); marine spatial pattern

1. Introduction

Since the Industrial Revolution in the 18th century, the environment has been seriously
polluted and damaged by mankind continuously improving its ability to develop and
utilize natural resources. A large number of greenhouse gases emitted from fossil fuels,
such as coal and oil, pose a serious threat to the survival of mankind, as well as to the
animals and plants on the earth [1]. Carbon dioxide and other greenhouse gases are
increasing, and this has become the main human-caused factor, leading to global warming.
In the State of the Global Climate 2020 released by the World Meteorological Organization
(WMO) [2], it is pointed out that global mean temperature is about 1.2 ◦C warmer than
the pre-industrial baseline. Meanwhile, the decade from 2011 to 2020 was the warmest on
record. Global temperature rise is causing and will continue to cause unpredictable losses
and irreversible changes to human society.

Countries all over the world are aware of the importance of reducing carbon emissions
and controlling rising temperatures. Therefore, the adaptation to climate change has been
incorporated into policies and plans by an increasing number of countries. By 2021, about
79% of countries had adopted at least one national-level adaptation planning instrument [3].
However, it has been predicted that even under the full implementation of national climate
commitments, the best warming estimate by the end of this century is 1.8 ◦C, a level higher
than the target of curbing global warming to below 1.5 ◦C in this century, as outlined in
the Paris Agreement [4]. Additionally, during the middle of the 21st century, the world is
predicted to see median-expected peak temperatures of around 1.9 ◦C, which could lead
to disastrous changes in the global climate [5]. Climate change crisis, one of the greatest
challenges faced by mankind, should be dealt with through global cooperation [6,7].
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At the 75th Session of the United Nations General Assembly on 22 September 2020,
President Xi Jinping solemnly proposed to the world that China would scale up its Intended
Nationally Determined Contributions by adopting more vigorous policies and measures.
China aims to have had their carbon dioxide emissions peak before 2030 and to achieve
carbon neutrality before 2060. To achieve this “double carbon” goal is an inevitable pathway
to solving the problems of resource and environmental constraints, as well as a solemn
commitment to building a human community with a shared future. At the ninth meeting
of the Central Committee for Financial and Economic Affairs in March 2021, it was further
emphasized that this “double carbon” goal should be integrated into the construction of
an ecological civilization. The ecological civilization represents a social status based on
the coexistence, sustainability, common development, and long-term prosperity between
humans, nature, and society. To enhance the capacity of ecological carbon sinks, territorial
spatial planning and use regulation should be strengthened and should effectively play the
role of marine carbon sequestration. In the 2021 Government Work Report [8], the continuous
improvement of the environment, the promotion of green and low-carbon development,
handling the relationship between development and emission reductions, and ensuring
harmony between humanity and nature were proposed.

As a key measure in planning the spatial development and protection pattern as
a whole and promoting the construction of ecological civilization, spatial planning is
widely considered to be able to effectively regulate greenhouse gas emissions, and thereby
helps to achieve the “double carbon” goal, which is also one of the systematic policy
tools to coordinate carbon emission reductions and carbon sink increases [6,9–12]. In
order to establish a territorial spatial planning system in the new era and implement
the “double carbon” goal, the guiding requirements for implementing the task of carbon
emission reduction and building a low-carbon city were put forward in the Guidelines
for the Formulation of Municipal Territorial Spatial Total Planning (Trial) [13] issued by the
Chinese Ministry of Natural Resources. The Action Plan for Carbon Dioxide Peaking Before
2030 [14] advocates for green and low-carbon planning and design, as well as the building
of a territorial spatial development and protection pattern conducive to achieving the
“double carbon” goal by combining the formulation and implementation of territorial
spatial planning.

Oceans are the most important carbon sinks on the earth, 23% carbon dioxide emitted
from human activities was taken up by the ocean over the past decade (2010–2019) [15].
Oceans play the role as carbon sinks through sequestering carbon dioxide and storing
it in their interiors by physical, chemical, and biological processes. There are four main
mechanisms that have been known for ocean carbon sequestering, transferring, and storage:
solubility pump, biological pump, carbonate pump (carbonate counter pump), and micro-
bial carbon pump [16,17]. The principle of solubility pump is the chemical equilibrium
and physical transport of carbon dioxide in seawater. The atmospheric carbon dioxide
was dissolved into the surface waters and then is followed by the deep mixing of the
carbon dioxide-rich water [16]. The biological pump refers to the photosynthetic uptake of
inorganic carbon and synthesis of organic carbon by phytoplankton, and the transformation
of this carbon from the surface to the deep sea or the bottom through a series of complex
processes, including lysis, grazing, aggregation, respiration, mineralization, and sedimenta-
tion [16–19]. The mechanism of the biological pump was used to explain why algae culture
have the function of carbon sink, especially the macroalgae culture. The carbonate pump
refers to the CaCO3 generation, precipitation, and sedimentation. However, it is also called
carbonate counter pump because the process of CaCO3 precipitation will release carbon
dioxide. Microbial carbon pump refers to the marine microbial processes of converting
active dissolved organic carbon into longer-lived dissolved organic carbon, which is the
overall effect of a series of microbial activities.

China has vast offshore waters, rich ecosystems, and huge potential in carbon seques-
tration and storage [20]. The marine spatial planning (MSP) system allocates marine space
as a whole, reasonably distributing industrial development and environmental protection,
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providing scientific support and a policy basis for marine space use regulation, improving
ocean carbon sink capacity from the top-level design level, optimizing the layout and
structure of marine industry, and promoting the low-carbon development of the marine
industry [21,22]. In the context of “double carbon,” it is crucial to focus on the largest
carbon pool of the earth [23], i.e., marine space, to study the relationship between MSP and
carbon, and to explore the integration of the “double carbon” goal into the MSP system.

Through analyzing the current MSP functional zone system, this paper studies the po-
tential role of MSP on increasing carbon sinks and reducing carbon emissions and analyzes
the correlation of MSP and carbon. The main method is to analyze the carbon increase
or reduction role of sea use activities in each functional zone and consider the carbon
sequestration function of marine ecosystem itself in related functional zones. According to
the main roles on carbon increase or reduction in different MSP functional zones, a direct
relationship between MSP functional zones and carbon distribution was established as a
linkage model to match the MSP functional zones to “Four Carbon Areas” and “Two Spaces”
(as shown in Figure 1). The model found that every MSP functional zones could make roles
in carbon sink increase and carbon emission reduction. However, it is undeniable that this
requires corresponding policies are required to play or enhance the functions on carbon
sink increase and carbon emission reduction. Using the linkage model, a marine spatial
pattern based on the “double carbon” goal was produced in the example of Tangshan city,
Hebei, China. The case study found that high-carbon intensive area occupied the largest
area. The corresponding measures and policies could encourage intensive and economical
industrial development in these areas to reduce the carbon emissions.
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Figure 1. Marine spatial pattern for “Two Spaces and Four Carbon Areas” based on the “double
carbon” goal.

According to different marine spatial patterns in different regions, different counter-
measures and suggestions could be proposed to increase carbon sinks and reduce carbon
emissions, so as to contribute to the “double carbon” goal. Therefore, the paper explored
the paths and suggestions for integrating the “double carbon” goal into MSP in terms of the
formulation, approval, implementation, and supervision processes. The purposes of the
research are to strengthen the integration between MSP and the “double carbon” goal to
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clear a path for giving increased attention to the function of ocean carbon sinks, to promote
carbon emission reduction in the marine industry, and to provide a reference for improving
territorial spatial planning systems.

2. Materials and Methods

At present, in the trial guidelines for the Formulation of Municipal Territorial Spa-
tial Total Planning and Guidelines for the Formulation of Provincial Integrated Coastal
Zone Protection and Utilization Planning, suggestions on the functional zoning of marine
space are put forward. Marine space is recommended to be delimited into three types of
zones: an ecological protection zone, an ecological control zone, and a marine develop-
ment zone. Among these, there are no specific suggestions for subzones of the ecological
protection zone and ecological control zone; the marine development zone is suggested
to be sub-delimited into a marine fishery zone, a marine transportation zone, a marine
industry mining and communication zone, a marine tourism and recreation zone, a marine
special purpose zone, and a marine reservation zone. In addition, it is proposed that local
governments can supplement types of the subzones according to their actual situation.
By optimizing the planning sub-zoning and delimiting the marine spatial pattern based
on the “double carbon” goal, a linkage model between marine spatial functional zones
and carbon distribution is established; the role of carbon emission reductions and sink
increases of MSP is explored, and the differentiated regulations/management suggestions
for different carbon areas are proposed in order to promote the low-carbon development of
marine space.

2.1. Adding a Marine Renewable Energy Zone

At present, China’s energy structure is dominated by coal, and the use of fossil energy
is the main source of carbon emissions. Therefore, an important way to realize green
and low-carbon development is to adjust the existing energy structure in a low-carbon
way; develop low-emission or non-emission technologies; strengthen the development
and utilization of offshore wind power, wave energy, tidal energy, and thermal energy;
and gradually increase their proportions in the energy supply structure [24]. Owing to its
abundant offshore resources, China’s wind power industry has developed rapidly, and the
installed capacity has increased continuously in recent years, making it one of the focuses of
new energy development for the future. Characterized by wide sea use area and large-scale
development, the present study suggests adding a marine renewable energy zone as a
subzone of the marine development zone to reserve space for the layout and development
of offshore wind power and marine energy.

2.2. Delimiting the Marine Pattern into “Two Spaces and Four Carbon Areas” Based on the
“Double Carbon” Goal

MSP can help achieve the “double carbon” goal largely through carbon emission
reductions and carbon sink increases. The former takes “carbon source” as the starting point,
and it is necessary to reduce the carbon emissions generated by human activities through
structural reform and technological upgrading in energy and industry; the latter takes
“carbon sink” as the starting point, and it is necessary to enhance the carbon sequestration
capacity of the ecosystem through a series of effective means, such as protection and
restoration [25]. Based on the above considerations, the roles of carbon emission reduction
and carbon sink increases in marine spatial functional zones are analyzed; the linkage
model between marine spatial functional zones and carbon distribution is established;
and marine space is partitioned into “Two Spaces and Four Carbon Areas” (as shown
in Figure 1). The two spaces include carbon sink increase space and carbon emission
reduction space, and the four carbon areas include a carbon sink conservation area, a
carbon sink supplemental area, a green low-carbon area, and a high-carbon intensive area.
According to the dominant functions, each marine spatial functional zone is classified into
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the corresponding carbon area, forming a marine spatial pattern of protection, restoration,
development, and utilization based on the “double carbon” goal.

According to its source, carbon sink increases can be classified into two approaches:
a natural sink increase and an artificial sink increase. In the marine ecological protection
zone, marine ecological control zone, and marine reservation zone, the ecosystem can
be better restored due to the limitation of human development and utilization activities.
Since the carbon sink function of the ecosystem is protected in these zones, the function
could fix carbon via natural sink increases. Meanwhile, in the marine ecological control
zone, ecological restoration and other projects are also important means to enhance the
carbon sink potential and restore the carbon sink function of the ecosystem via artificial
intervention. Fishery carbon sinks (such as algae culture, shellfish culture, capture fisheries,
and artificial reefs) can give full play to the function of carbon sinks, directly or indirectly
absorbing and storing carbon dioxide from water, and thereby reducing the concentration
of carbon dioxide in the atmosphere [26]. Therefore, in the delimited marine spatial
pattern, the marine fishery zone is classified as a carbon sink supplemental area that can
increase carbon sinks through artificial means. In the marine fishery zone, it is necessary
to encourage the development of carbon sink fisheries and to develop marine ranching
that integrates mariculture, marine resource protection, fishery resource proliferation, sea
farming, marine leisure fishing, and other functions [27,28].

Carbon emission reduction can be classified into two types: active emission reduction
and passive emission reduction. According to industrial types in the marine development
zone, while marine renewable energy belongs to the active emission reduction type, other
development modes of marine space belong to the passive emission reduction type and are
largely driven by external factors, such as policy regulations, approval restrictions, and en-
vironmental assessment constraints. The marine functional zones dominated by renewable
energy development, tourism, and recreation are classified into green low-carbon areas due
to their relatively low carbon emissions per unit, while the transportation, industry, mining,
communication, and special activities, such as sewage discharge and dumping, can give
rise to high energy consumption, high levels of pollution, and high carbon emissions. The
marine functional zones dominated by such industries are considered to be high-carbon
intensive areas. In high-carbon intensive areas, the industrial spatial layout should follow
the principles of intensification and conservation. At the government level, adding carbon
emission prediction and standard setting to the sea use approval procedure, determining
the upper limit of carbon emission for different industries, strengthening the recycling of
resources, intensifying the public concept of reducing emissions from the source [6] and
standardizing carbon emission rights trading and carbon compensation system. By virtue
of increasing the cost of carbon emissions, enterprises with high carbon emissions will be
encouraged to upgrade their technologies and to develop and use production modes with
low-carbon emissions.

Taking Tangshan, Hebei Province, China as an example, we analyzed the marine
development and protection pattern of “Two Spaces and Four Carbon Areas.” The data
were obtained from the current Tangshan City Marine Functional Zoning. Since the new
territorial spatial planning system is under construction, this paper uses the categorization
analysis method and the comprehensive analysis method to merge the subzones of Tang-
shan City Marine Functional Zoning into the established marine spatial Four Carbon Areas
to form a marine spatial distribution of carbon. As shown in Figure 2, the distribution of
carbon sink increases space and carbon emission reduction space in Tangshan is mostly
balanced. With fifty-one percent of its area being high-carbon intensive area, it is indicated
that Tangshan needs to encourage intensive and economical industrial development in
these areas. The carbon sink supplemental area has the second largest size with a longi-
tudinal zonal distribution; most of this area consists of marine fisheries. The carbon sink
conservation areas and green low-carbon areas were primarily distributed in the eastern
coastal waters; these comprised a small proportion of the total area of the city, accounting
for 2.2% and 3.4% of it, respectively.
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3. Results and Discussion
3.1. The Outcomes from Case Study of Tangshan City

The delimitation of Tangshan’s “Two Spaces and Four Carbon Areas” marine spatial
pattern shows that the current Marine Functional Zoning of Tangshan has the basic spatial
layout for carbon sink increase and carbon emission reduction, and the distribution of
carbon sink increase space and carbon emission reduction space is mostly balanced. How-
ever, the distribution of the four carbon areas is unbalanced, and the high-carbon intensive
area is large. Therefore, it is necessary to take corresponding measures to optimize and
promote the carbon emission reduction function of the marine space. The marine industry
development in Tangshan city is largely based on industry and fisheries, and the scale
of recreational tourism and ecotourism is relatively small. The “double carbon” goal in
marine space can be achieved through passive emission reductions in the transportation
industry and fishery carbon sinks.

The authorities of Tangshan city have recognized the importance of ocean carbon
sink on low carbon development and prepared the work program on promoting the
development of ocean carbon sink. The work program plans to delimit the development
planning zone, research the basic theory, establish the database and improve the monitoring
system for ocean carbon sink. Presently, Tangshan city has carried out the evaluation of
the carbon sink function of seagrass bed and salt marsh, investigating the ecosystem
carbon sink distribution and carbon storage. According to the status of ecosystem carbon
sink, the different marine carbon functional zones could be delimited with complementary
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measures. The complementary measures emphasis on the increase in carbon sink, including
the expansion of marine ranching development, the enhancement of ecosystem protection
and restoration, the improvement of carbon sink monitoring, the establishment of local
carbon trading system, and the strengthening of publicity and education.

3.2. Proposed Paths and Policies to Integrate “Double Carbon” Goal into MSP

From the level of MSP, based on the city’s current situation of “Two Spaces and Four
Carbon Areas,” the “double carbon” goal can be better integrated into the new territorial
spatial planning system, and different optimization paths and policy measures can be
proposed for different regions.

From the perspectives of planning operation and the planning process, the territorial
spatial planning system can be divided into four subsystems, namely the legal and policy
system, the technical standard system, the formulation and approval system, and the
implementation and supervision system [29]. Under the background of “double carbon,”
studying and implementing strategies for reducing carbon emissions and increasing carbon
sinks starting from these four subsystems is suggested in order to optimize the path of MSP.

With respect to laws and policies, a national adaptation strategy toward climate
change and the carbon constraints of laws and regulations should be proposed, and we
should study and put forward relevant policy suggestions concerning the integration of the
“double carbon” goal into MSP to support national and local policymaking. It is necessary
to build a policy framework for MSP to combat climate change and to help achieve the
“double carbon” goal from the top down.

As for technical standards, we suggest integrating carbon assessment into the evalua-
tion of resource and environment carrying capacity, evaluating the suitability for territorial
spatial development and environmental impact assessment and adding qualitative indica-
tors that can determine the carbon sources or carbon sinks, as well as quantitative indicators
that can reflect the intensity of carbon emission and the degree of carbon sink increase.
It is indispensable to formulate and issue technical guidelines for carbon information in-
vestigation, carbon emission evaluation, carbon measurement, and carbon monitoring. In
addition, it is important to improve the standards and regulations of carbon compensation
and carbon trading to develop carbon emission measurement tools and to improve carbon
emission monitoring tools to develop multi-scenario model prediction technology and to
improve the scientific basis of integrating the “double carbon” goal into MSP in order to
guide the cycle of carbon monitoring and evaluation in the planning formulation, approval,
implementation, and supervision processes [30].

It is necessary to incorporate the “double carbon” goal into marine development
objectives, integrate the concept of carbon emission reductions and sink increases into
the planning, and add hard constraints on carbon emission indicators during planning
approval. Planning should follow the green low-carbon principle, clarify the indicators
of carbon emission reduction and sink increases [31], optimize the allocation of marine
spatial functional zones based on the marine spatial pattern of “Two Spaces and Four
Carbon Areas,” increase the scope of marine protected areas, give priority to nature-based
solutions, implement integrated marine and coastal zone management, pay attention to the
integrity of the ecosystem, and improve the carbon sink capacity of a blue-green ecosystem.
At present, in some coastal provinces and cities the “double carbon” goal and the related
contents of carbon emission reduction and sink increases have begun to be integrated into
the territorial spatial planning. For example, guided by the “double carbon” goal, the
Fourteenth Five-Year Plan for the Protection and Development of Natural Resources in Guangdong
proposes to establish a green and low-carbon spatial pattern by improving exploration and
research on ocean carbon sinks and building a standard system. According to the Territorial
Spatial Total Planning of Tianjin (2021–2035), Tianjin will coordinate land and oceans and
make efforts in carbon emission reductions and carbon sink increases. The marine element
is specifically included in this planning to promote the concept of a blue carbon sink.
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With regard to planning implementation and supervision, we suggest optimizing
the MSP path in the following aspects: (1) Improving the use regulation system and im-
plementing inflexible–flexible combined policies to restrict carbon emission intensity. In
terms of inflexible constrains, carbon emission intensity standards for various sea-use
activities should be set, and carbon emission assessment should be carried out for marine
industries with high carbon emissions when they apply for the certificates of the right
to use sea areas. In terms of flexible constraints, the carbon emission intensity standards
for the same marine functional zone in different regions could be set independently ac-
cording to local conditions within a certain range. (2) Investigating carbon information.
Based on the natural resources investigation and monitoring systems for carbon emission
elements and carbon sink elements, it is imperative to comprehensively determine the
carbon source and carbon emission space, as well as the carbon sequestration and carbon
sink space, and to collect the information concerning “carbon” activities as the benchmark
data for planning formulation, approval, implementation, supervision, and performance
evaluation. (3) Full-cycle monitoring of carbon sources and sinks is necessary during the
planning and implementing periods. Relying on the present national sea area use dynamic
surveillance and monitoring management system, an efficient MSP information supervi-
sion system should be established to realize sea area use pre-review of carbon source and
sink information, the filing of local sea use activities, the dedicated monitoring of sea use
activities, and in assisting decision-making in order to improve the efficiency of carbon
emission management.

4. Conclusions

In the context of the “double carbon” goal, the ocean, as the largest carbon reservoir on
earth, plays a crucial role in promoting carbon sink increases through the marine ecosystem,
and different sea use activities are or can be optimized to serve carbon emission reductions
and carbon sink increases. This paper has conducted a preliminary theoretical exploration
and practical research concerning how marine functional areas can realize the role of carbon
emission reductions and sink increases. More research focusing on this topic is planned to
be performed to emphasize and further study the details on MSP’s function of promoting
the “double carbon” goal. The carbon increase or reduction functions of different sea
use activities and marine ecosystems in each MSP functional zones needs to be mined
deeply using more scientific methods. The linkage model and the marine spatial pattern
of “Two Spaces and Four Carbon Areas” will be promoted and updated along with the
social development and policy changes. The purpose of future research is to strengthen the
integration of MSP and the “double carbon” goal and provide a decision-making reference
for marine-related management departments to formulate MSP and to scientifically regulate
sea-use activities and optimize the layout of marine industries.

The main findings are as follows:

1. A linkage model between marine functional zones and carbon distribution was es-
tablished; a marine spatial pattern of “Two Spaces and Four Carbon Areas” was
proposed. By analyzing the functions of marine space in terms of carbon sink in-
creases and emission reductions, we matched each MSP functional zones to “Two
Spaces and Four Carbon Areas”. The two spaces include carbon sink increase space
and carbon emission reduction space, and the four carbon areas include a carbon sink
conservation area, a carbon sink supplemental area, a green low-carbon area, and a
high-carbon intensive area.

2. It is advisable to add the marine renewable energy zone as subzone of the marine
development zone in territorial spatial planning system. The paper analyzes the
current MSP functional zone system and proposes adding a marine renewable energy
zone in the marine development zone based on the “double carbon” goal in order to
provide reserve space for the layout and the development of offshore wind power
and marine energy in the future.
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3. The paths and suggestions for integrating the “double carbon” goal into MSP was
explored. In terms of the law and policy, the technical standard, the formulation and
approval, and the implementation and supervision, strategies for reducing carbon
emissions and increasing carbon sinks are suggested in order to optimize the path
of MSP.
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