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Promoting the restoration of China’s marine 
ecology and the governance of marine disaster 
prevention and reduction
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Abstract 

The oceans are a treasure trove of natural resources and an essential regulator of the global climate. Still, due to eco-
nomic development and human activities in recent years, these ecosystems have suffered varying degrees of degra-
dation, so the restoration of marine ecosystems is essential. At the same time, states should strengthen the synergy 
of marine disaster prevention and mitigation efforts and jointly defend against the impact of maritime disasters 
on human lives, property, and climate change. On June 28–29, 2023, the Forum on Restoration of Marine Ecological 
Environment Protection, Disaster Prevention, and Mitigation was held in Qingdao’s West Coast New Area. The forum 
adopted a combination of “online and offline.” Nearly 150 experts and scholars in marine-related environmental 
protection, disaster prevention, and mitigation from organizations, universities, and research institutes across multiple 
countries attended the event.

Keywords Marine ecosystems, Marine ecological restoration, Marine disaster prevention and mitigation, Global 
shared governance

Introduction
In December 2017, the UN General Assembly established 
the UN Decade of Marine Science for Sustainable Devel-
opment (2021–2030) through its resolution 72/73 [1]. 
The UN General Assembly adopted the implementation 
plan for the decade in its resolution 75/239. The Ocean 
Decade aims to provide scientific solutions for global, 
regional, national, and local marine management by 
revolutionizing marine science [2]. Its goal is to halt the 
deterioration of the oceans and ensure that they continue 
to support sustainable development for mankind. The 
vision is to achieve ‘the science we need for the ocean we 
want’ [3–5].

In response to the initiative of the United Nations, on 
February 15, 2023, the Ministry of Natural Resources of 
China, the People’s Government of Shandong Province, 
and the People’s Government of Qingdao City jointly 
established the “Decade of Oceans” International Coop-
eration Center. On June 28, 2023, the 2023 East Asian 
Ocean Cooperation Platform Qingdao Forum, with the 
theme of “Ten Years of Oceans, Harmony, and Coexist-
ence, opened in the West Coast New Area of Qingdao”. 
More than 400 guests from over 30 countries and regions 
around the world discussed ocean cooperation plans and 
shared a vision for ocean development. Promoting the 
restoration of China’s marine ecology and the governance 
of marine disaster prevention and reduction has become 
the central topic of the 2023 Qingdao Forum of the East 
Asian Ocean Cooperation Platform.

Marine ecological restoration and marine disas-
ter prevention and reduction are complementary. 
The ocean is the natural environment for human sur-
vival, closely related to the fate of mankind as human 

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Environmental Sciences Europe 

†Lansong Huang and Xuezhi Wei contributed equally as the first authors.

*Correspondence:
Quansheng Wang
wangquansheng@sdu.edu.cn
1 Law School, Shandong University, Weihai, China

http://orcid.org/0000-0001-8853-3917
http://orcid.org/0000-0002-8899-6804
http://orcid.org/0000-0002-4676-9478
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12302-024-00899-5&domain=pdf


Page 2 of 10Huang et al. Environmental Sciences Europe           (2024) 36:74 

beings, to survive, develop, and constantly improve 
marine resources. However, the development of marine 
resources has led to a series of environmental prob-
lems, including seawater eutrophication, decreased 
seawater power, reduced water self-purification abil-
ity, frequent marine disasters, declining coastal wetland 
areas, decreased ecosystem function, reduced natural 
shoreline, and significant shoreline damage [6–8].

Marine ecological restoration and marine disaster 
prevention and reduction are important components 
of marine environmental protection. The research on 
international marine ecological restoration began in the 
1990s. During this period, marine ecological restora-
tion mainly took the form of individual projects, focus-
ing on typical marine ecosystems such as salt marshes, 
mangroves, seaweed, and coral reefs [9–11]. In the mid-
to-late 1990s, developed countries began to formulate 
ecological restoration plans at the macro level, such as 
national strategic planning and regional planning. For 
example, the United States developed a national plan for 
coastal and estuarine habitat restoration in 2002, and in 
2003–2004, it systematically compiled information on 
marine ecological restoration, for example, the “National 
Review of Coastal Habitat Restoration,” the “Systematic 
Approach to Coastal Ecological Restoration,” the “Scien-
tific-Based Monitoring of Coastal Habitat Restoration,” 
and so on [12–14].

In recent years, China’s marine ecological environment 
has become increasingly serious; ecological protection 
and ecological restoration of the state attach great impor-
tance. Chinese marine ecological restoration began with 
mangrove plantations, algal bloom pollution control, 
artificial reef deployment, proliferation, and release. Fol-
lowing the promulgation of the “Outline of the National 
Marine Development Plan,” coastal provinces, munici-
palities, and autonomous regions have also started to 
protect, restore, and restore typical marine habitats 
such as the Binhai wetland. At present, marine ecologi-
cal restoration has also been listed as an important part 
of national ecological conservation and restoration, land 
and sea integrated development, and “Landscape Forest 
Lake Grass Sea” system protection and restoration [9, 
15].

The research content of marine ecological restoration 
has changed from a unilateral study to a systematic study, 
which involves the monitoring and evaluation of ecologi-
cal restoration, the methods and measures of ecological 
restoration, and the management of ecological restora-
tion. Neckles et  al. put forward a monitoring scheme 
suitable for any salt marsh ecological restoration project 
based on a series of main ecosystem structural param-
eters and a monitoring scheme of ecosystem function 
for individual restoration projects [16]. Nienhuis et  al. 

summarized the results of ecological restoration in the 
Netherlands over the past 25 years [17]. Chapman et al. 
introduced the progress of coastal habitat restoration in 
the northern Gulf of Mexico [18]. Boesch introduced the 
scientific principles of ecosystem management in ecolog-
ical restoration in the Chesapeake Bay and coastal Louisi-
ana and put forward some suggestions on the application 
of ecosystem management in ecological restoration [19].

Of course, the research results of marine ecological res-
toration and marine disaster prevention and reduction 
are still few, and the practice is still groping. In recent 
years, faced with the deterioration of marine ecosystems 
and the frequent occurrence of marine disasters, China 
has been actively exploring the issues of promoting 
marine ecological restoration, disaster prevention, and 
mitigation in theory and practice.

Marine ecological restoration and marine disaster 
prevention and reduction are the subjects 
of international attention
The ocean has a remarkable capacity for self-purification. 
After entering the ocean, pollutants are constantly dif-
fused, diluted, oxidized, reduced, and degraded by a com-
bination of physical, chemical, biological, and geological 
processes. However, human consumption and produc-
tion activities in the process of emissions of pollutants, 
by river transport or through atmospheric deposition, 
into the ocean, or as a result of human activities in the 
ocean (such as ship dumping, oil tanker accidents, and 
seabed mining) directly into the ocean, beyond the self-
purification capacity of the ocean, will cause pollution in 
certain areas. Marine pollution has disrupted the balance 
of nature in the ocean, posing a constant threat to human 
health. Marine protection has received more and more 
attention.

International organizations such as the United Nations, 
the International Maritime Organization, and the United 
Nations Educational, Scientific, and Cultural Organiza-
tion are dedicated to protecting the marine ecological 
environment, preventing and controlling marine disas-
ters, and developing international conventions and agree-
ments for marine ecological restoration and disaster 
prevention, see Table 1.

The concept, practice, and technology of marine 
ecological restoration
The marine ecosystem is part of the most valuable human 
resources, and more people depend on it along the coast. 
In particular, mangrove ecosystems, coral reef ecosys-
tems, and seagrass-bed ecosystems are characterized by 
high biodiversity and productivity, provide spawning and 
breeding grounds for marine life, and protect the coasts 
from erosion by waves and hurricanes [33–35].
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The concept of marine ecological restoration
Marine ecological restoration involves utilizing the 
natural self-repair capacity of ecosystems, along with 
appropriate artificial measures, to restore the original or 
similar structure and functional state [36]. The goal is to 
facilitate continuous recovery of the ecosystem’s struc-
ture and function, with the assistance of the damaged 
ecosystem. Marine ecological restoration is the compre-
hensive application of engineering, technical, economic, 
administrative, and legal means to protect and repair 
the structure of damaged marine ecosystems. The goal 
is to enhance the protection capacity of the ecosystem, 
regional ecological patterns, and ecosystem service func-
tions. This will ultimately lead to the sustainability of 
marine ecosystems in the face of long-term or sudden 
natural or anthropogenic disturbances [9, 15].

According to the degree of artificial disturbance, 
marine ecological restoration can be divided into three 
categories: natural ecological restoration, artificial eco-
logical restoration, and ecological reconstruction. Eco-
logical restoration can be achieved through natural or 
artificial means. Natural restoration involves eliminating 
pressure and reducing the speed of ecosystem degrada-
tion to allow for recovery [37, 38]. Artificial restoration 
involves combining the ecosystem self-repair with human 
intervention, such as physical, chemical, and biologi-
cal measures, to promote recovery [39–41]. Ecological 
reconstruction is the process of rebuilding a completely 
degraded or lost ecosystem, including the creation of new 
ecosystems in areas where they are not present. Ecologi-
cal restoration is the process of ecosystem self-recovery, 
development, and improvement. In ecological restora-
tion, ecosystem structure and its community go from 
simple to complex, from single-function to multi-func-
tion. Ecological restoration is not a simple restoration of 
a species but a comprehensive and effective restoration of 
the structure, function, biodiversity, and sustainability of 
the ecosystem [42–44].

The fundamental principles of marine ecological res-
toration are as follows: first, the nature of marine eco-
logical conservation and restoration is the adjustment of 
the ‘human–sea’ relationship. The aim is to maintain the 
integrity and resilience of the marine ecosystem, ensure 
its health, improve the comprehensive efficiency and 
benefits of marine protection and utilization, and ulti-
mately achieve harmony between humans and the sea 
[45]. Second, marine ecological protection and restora-
tion should not only focus on ecological space but also 
production and living space. Marine ecological problems 
mainly arise from the unreasonable exploitation and uti-
lization of the marine and its adjacent land resources 
and space. Therefore, if the pattern and mode of produc-
tion and living space use do not change, the protection 

and restoration of the affected ecological space will not 
achieve the expected results [46, 47]. Third, the means of 
marine ecological protection and restoration are com-
prehensive. To achieve the goal of protection and resto-
ration, not only the implementation of specific technical 
measures but also strict management measures and the 
establishment of a reasonable system and operation 
mechanism are necessary [48].

China’s practice in marine ecological restoration
Marine ecosystems can be divided into coastal zone eco-
systems (supra-tidal zone, intertidal zone, and subtidal 
zone), island ecosystems, shallow sea ecosystems, open 
sea and ocean ecosystems, and polar marine ecosystems. 
At present, the international protection of marine eco-
systems has covered all types, including coastal zones, 
islands, and shallow seas. Many international conven-
tions and protected areas have also been established for 
the protection of marine and polar biodiversity and its 
biological resources. As a sovereign state, marine ecolog-
ical protection and restoration are mainly carried out in 
coastal zones and islands, two types of ecological restora-
tion [49–51].

Comprehensive improvement of the coastal environment
The integrated environmental rehabilitation of the coastal 
zone of the sea area includes the comprehensive rehabili-
tation and rehabilitation of key bays and estuaries, a list 
of national parks in China, adjacent sea areas of impor-
tant tourist areas, and adjacent sea areas of large and 
medium-sized cities. From the practical effect, through 
the demolition of abandoned docks, waste removal, 
sea areas, and measures such as dredging, reclaiming 
beaches, retreating dike to sea, natural shoreline restora-
tion, artificial shoreline renovation, offshore submerged 
dike construction, tidal dike construction, coastal prom-
enade construction, beach renovation, geological relic 
landscape restoration, etc. China’s coastal environment 
has improved [52, 53].

Island rehabilitation
Island rehabilitation includes island ecological environ-
ment rehabilitation, island infrastructure construction, 
and island protection for special purposes. From the 
practical results, through island restoration, vegetation 
planting, shoreline remediation, beach restoration, the 
surrounding sea area dredging, as well as the removal of 
aquaculture ponds, abandoned facilities, and other meas-
ures, a large number of ecologically and landscape-dam-
aged islands have been repaired, improving the island’s 
ecological environment. By the end of 2022, nearly 90 
islands had been rehabilitated nationwide, playing a 
major role in building an ecological civilization on the 
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islands, developing their economy and society, and safe-
guarding state maritime rights and interests [54, 55].

Conservation and restoration of typical ecosystems
Typical ecosystem protection and restoration includes 
the protection and restoration of important coastal wet-
lands, coral reefs, mangroves, and seagrass beds. The 
restoration and reconstruction of Suaeda salsa, Phrag-
mites Australis, and Manchurian willows can effectively 
improve the ecological environment of coastal wetlands 
[56–58].

Capacity building for ecological conservation and restoration
Capacity building for ecological conservation and resto-
ration includes marine protected area capacity enhance-
ment, capacity building for dynamic marine surveillance, 
construction of an island video monitoring system, 
and upgrading of the marine early warning system. By 
purchasing patrol and law enforcement equipment, 
ecological monitoring equipment, and constructing man-
agement and protection facilities, as well as marine biol-
ogy species protection facilities, the management level of 
national nature reserves (marine parks) such as Longkou, 
Shandong Province, has been effectively raised. Addi-
tionally, the dynamic monitoring capability in grassroots 
marine areas has been strengthened through measures 
such as the construction of dynamic management facili-
ties at the county level. It is possible to monitor the base 
point of the territorial sea and its surrounding sea area 
all year through the construction of a video monitoring 
system and other measures. Through the upgrading of 
the marine early warning system and other measures to 
enhance marine prediction and disaster reduction capac-
ity in some areas [59, 60].

Integration of biotechnology and marine ecosystem 
restoration
One notable characteristic of bioremediation technol-
ogy is the analysis of the structure and function of the 
aquaculture ecosystem from an ecological perspective. 
To establish a new model of the mariculture ecosystem, 
marriage, fish, shrimp, and shellfish are selected and opti-
mized. To reduce the impact of aquaculture wastewa-
ter on the environment, improve economic output, and 
decrease disease incidence in the aquaculture system, it is 
necessary to effectively absorb and utilize excess nitrogen, 
phosphorus, and other nutrients present in the environ-
ment. At the same time, large-scale algae, shellfish, and 
other organisms can fix carbon, produce oxygen, regulate 
the pH value of the water body, and achieve the biologi-
cal repair of the aquaculture environment and ecological 
regulation to achieve the unity of economic and environ-
mental benefits. In practice, some of these technologies 

have been widely used in marine ecosystem restoration. 
These include the proliferation and release of impor-
tant fishery resources, the bioremediation of aquacul-
ture environments in shallow water, the bioremediation 
of biological resources in typical marine areas, and the 
restoration of marine ecosystems. They have also been 
utilized for protecting and restoring fishery resources in 
island waters, remediating marriage in eutrophication 
environments in shallow seas, and bioremediation typi-
cally constructed wetlands in tidal flats [61–63].

Jin Ling, a professor at Hong Kong Polytechnic Uni-
versity, has explored the use of species-specific cell lines 
to identify major toxic pollutants in marine habitats, 
expanding the thinking for habitat protection [64]. Chen 
Bin, the Deputy Director of the Third Institute of Ocean-
ography of the Ministry of Natural Resources, aims to 
protect and restore the ecology of the coastal zone. This 
is achieved through marine ecological assessment and 
degradation diagnosis, priority area selection for protec-
tion and restoration, identification of marine ecological 
corridors, and the construction of a protected area net-
work. This paper explains the key technologies and appli-
cations of coastal ecological protection and restoration 
planning [65].

Early warning and risk prevention for marine 
disaster prevention and reduction
Capacity building for marine disaster prevention 
and mitigation
Marine disasters are those that occur in marine or coastal 
areas as a result of the intensity of a particular marine 
process exceeding a certain limit or as a result of local 
anomalies in the marine natural environment, includ-
ing storm surge disasters, wave disasters, sea ice disas-
ters, tsunami disasters, red tide disasters, sea level rise, 
coastal erosion, and so on [66–68]. Large Chinese cities 
and densely populated areas are concentrated in coastal 
areas that are most vulnerable to marine disasters, so 
marine disasters account for a larger proportion of total 
Natural disasters in China and marine disasters seri-
ously threaten the safety of people’s lives and property 
in coastal areas and the development of social and eco-
nomic construction.

The development of big data, cloud computing, and 
other technologies is of huge significance to the early-
warning capacity building of marine disaster prevention 
and reduction. Cloud computing ocean big data analysis 
technology can provide an accurate and reliable scientific 
basis for storm surge warnings, red tide prediction, aux-
iliary decision-making, disaster prevention and reduc-
tion, and disaster inversion. In-memory cloud computing 
technology is an effective means of big data analysis. The 
Stanford University research team built the Memory 
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Cloud” E as the main platform for big data computing 
through large-scale common server memory clusters. 
In the face of the high-efficiency computing demand of 
ocean big data processing, memory clouds provide a new 
research direction for fast and real-time analysis of ocean 
big data [68–70].

Wang Juncheng, a Chinese Academy of Engineering 
academician and director of the National Marine Moni-
toring Equipment Engineering and Technology Research 
Center, said the development of marine environment 
observation and detection equipment in China plays an 
important role in marine environment prediction, dis-
aster prevention and reduction, and marine safety. After 
nearly 20 years of development, China’s marine environ-
ment observation and detection technology has met the 
country’s basic observation and detection needs. China 
has established several major ocean observation net-
works, such as the National Ocean Data Buoy Network, 
the Marine Automatic Observation Station network, and 
the Marine Resources Survey network, which have pre-
liminarily realized operational observation in China’s 
offshore waters. In the future, stability and reliability will 
need to be continuously enhanced to achieve industrial 
applications [71].

Risk prevention for marine disaster prevention 
and mitigation
To prevent and reduce the loss of human life and prop-
erty caused by marine disasters, the construction of 
three major projects should be strengthened in prac-
tice. Firstly, the strengthening and reinforcement of sea 
embankments should be carried out, and a combination 
of biological and engineering methods should be adopted 
to control coastal erosion and improve coastal moisture 
engineering [72, 73]. Secondly, the construction project 
of the ocean observation, forecasting, and early warning 
network system. To enhance our capabilities in marine 
disaster prevention and reduction, we will strengthen the 
construction of basic infrastructure and increase moni-
toring stations in key areas. We aim to achieve routine 
monitoring of various marine disasters. Additionally, 
we will utilize the ‘Digital Ocean’ platform to acceler-
ate the development of a basic geographic information 
system for marine space. This will help us establish and 
improve a warning and defense decision-making system 
for marine meteorology, storm surges, strong winds, 
floods, and other marine disasters. We will also acceler-
ate the construction of a three-dimensional monitoring 
and forecasting network system for the ocean to improve 
our ability to prevent and reduce disasters and respond 
to sudden maritime accidents [74, 75]. Thirdly, the con-
struction project of the coastal protective forest system. 
To enhance the ability of the coastal front to resist natural 

disasters such as typhoons and storm surges, it is recom-
mended to increase the construction of national special 
protected forest belts. These belts should be constructed 
within the range of 200 m on rocky slopes and mud banks 
and 500 m on sandy banks in coastal areas. Additionally, 
existing protective forest trunk belts should be supple-
mented and updated. It is also suggested to construct 
forest belts within the range of 200  m along the coast, 
especially the windward section, as protective forest belts 
[76–78].

In addition, the emergency management mechanism 
for marine disasters needs to be further improved. Corre-
sponding coastal cities and marine management depart-
ments should establish and improve disaster emergency 
plans. Since the release of the National Emergency 
Response Plan for Public Emergencies in 2003, China has 
successively formulated and introduced a large number of 
emergency plans under its requirements. In 2005, the for-
mer State Oceanic Administration issued the “Emergency 
Plan for Storm Tide, Tsunami, and Sea Ice Disasters” and 
“Emergency Plan for Red Tide Disasters,” specifically 
targeting specific marine disasters; the National Mari-
time Search and Rescue Emergency Plan issued in 2006; 
and in 2018, the National Emergency Response Plan for 
Major Offshore Oil Spills was issued. To further improve 
the scientific and operability of marine disaster response 
work, the Ministry of Natural Resources revised and 
formed the Marine Disaster Emergency Plan based on 
the Emergency Plan for Storm Tides, Waves, Tsuna-
mis, and Sea Ice Disasters, which was promulgated and 
implemented on December 31, 2019. After the release of 
a series of national overall emergency plans for different 
types of marine disasters, coastal areas have developed 
emergency plans for marine disasters at the provincial, 
municipal, and county levels under the guidance of these 
plans. These plans include both local overall disaster 
emergency plans and emergency plans for marine disas-
ters with local characteristics, such as the Qingdao Storm 
Tide and Tsunami Emergency Plan. The introduction 
of these plans has formed a complete system of marine 
disaster emergency plans, which has effectively guided 
local marine disaster prevention and reduction work and 
played a positive role in practice [79, 80].

Conclusion
The ocean is a treasure trove of natural resources, an 
essential regulator of global climate, and a strategic high-
land for high-quality development. The convening of the 
Subforum on Marine Ecological Environment Protection, 
Restoration, and Disaster Prevention and Reduction will 
provide technological support for building a different 
pattern of coordinated development, protecting marine 
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ecological resources, and promoting the development of 
the marine economy.

As one of the important sections of the 2023 East Asian 
Ocean Cooperation Platform Qingdao Forum, the Forum 
on Marine Ecological Environment Protection, Restora-
tion, and Disaster Prevention and Reduction showcases 
the latest research achievements in China’s marine eco-
logical environment protection, restoration, and dis-
aster prevention and reduction in recent years. It also 
explores the ecological system degradation and frequent 
occurrence of ecological disasters faced by the ocean 
under the pressure of human activities, climate change, 
and other factors. There are numerous issues, such as 
decreased biodiversity, as well as future development 
directions. This forum has established a professional aca-
demic exchange platform for marine scientists around 
the world, which will further deepen and expand interna-
tional ocean research exchanges and cooperation.
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