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Abstract Abstract 
The Yellow River Delta is located on the west coast of the Bohai Sea. It is one of the regions with the most 
active interaction between land and ocean, and one of the three major estuary deltas in China. This region 
has the most complete, the most extensive, the youngest wetland ecosystem and abundant biological 
resources in China's warm zone. It plays an important role in regulating the climate, reducing exogenous 
pollution, restoring amphibious ecological ecotone, and other functions. In recent years, with the rapid 
development of the Yellow River Delta region, problems such as the continuous reduction of inflow 
seawater and sediment, the serious shrinkage of wetland areas, and the invasion of Spartina alterniflora 
Loisel, have become increasingly prominent. On the basis of summarizing and analyzing the development 
status of this region, we proposed four development concepts:ecological protection priority, adapt to local 
water conditions, deep integration of multiple elements, and reasonable spatial layout, then, suggested 
four development models:ecological farm and ranch, integrated development of fishery and tourism, 
integrated development of fishery and energy industry, and linkage of three kinds of industrial models, 
with a view to achieving green development of blue agriculture in the Yellow River Delta. 
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Abstract: The Yellow River Delta is located on the west coast of the Bohai Sea. It is one of the regions with active 

interaction between land and ocean and one of the three major estuary deltas in China. This region has the most 

complete, the most extensive, the youngest wetland ecosystem and abundant biological resources in China’s warm 

temperate zone. It plays an important role in the regulation of climate, mitigation of exogenous pollution, and resto-

ration of amphibious ecological ecotone. In recent years, with the rapid development of the Yellow River Delta re-

gion, problems such as the continuous reduction of inflow water and sediment, the serious shrinkage of wetland 

areas, and the invasion of Spartina alterniflora Loisel, have become increasingly severe. On the basis of summariz-

ing and analyzing the development status of this region, we proposed four development concepts: ecological protec-

tion priority, adaptation to local water conditions, deep integration of multiple elements, and reasonable spatial 

layout. We then suggested four development models: ecological farm and ranch, integrated development of fishery 

and tourism, integrated development of fishery and energy industry, and linkage of three kinds of industrial models, 

with a view to achieving green development of blue agriculture in the Yellow River Delta.                  
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The Yellow River Delta, an alluvial plain covering an area 

of 5 450 km
2
 on the west coast of the Bohai Sea, is one of the 

three major estuary deltas in China and expands at a rate of 

2–3 km
2
 per year

 [1]
. The Yellow River Delta is located in the 

overlapping area of the Yellow River Delta Efficient Eco-

logical Economic Zone and Blue Economic Zone of Shan-

dong Peninsula. As an important part of the Bohai Granary 

project, the delta has unused land of 3.013 × 10
7
 hm

2
, which 

is the largest reserved land with the greatest development 

potential in the eastern coast of China 
[2]

. In recent years, the 

problems of environment, ecology, natural disasters, and 

resources in the Yellow River Delta have become serious. 

Industrial and agricultural pollution, sea reclamation, species 

invasion, land-based pollution, and ecological disaster have 

led to the sharp declines in wetland area, biodiversity, and 

landscape diversity, depletion of fishery resources, and seri-

ous degradation of ecosystem.  

The development of high-efficiency ecological economy 

has been a national plan and included in the planning outline 

for the Yellow River Delta since the Tenth Five-Year Plan. On 

September 18, 2019, General Secretary Xi Jinping delivered 

an important speech on the ecological protection and 

high-quality development of the Yellow River Basin, em-

phasizing ecological protection. He points out that the Yellow 

River Delta is the most complete wetland ecosystem in the 

warm temperate zone of China and we must strive to protect CNKI
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it, to maintain the health of river ecosystems, and to increase 

biodiversity. Blue agriculture
 [3]①

is an important component 

of agriculture and a part of national economic and social 

development, playing a role in resource utilization, benefit 

enhancement, and sustainable development in the Yellow 

River Delta. In February 2019, the No. 1 Central Document 

made clear to determine the rational scale of aquaculture in 

inland waters, reduce the over-dense cage culture in the off-

shore area, lake, and reservoir, promote the construction of 

marine ranch, and standardize pelagic fishery. Therefore, it is 

urgent to establish a new development model for blue agri-

culture in the Yellow River Delta.  

1    Necessities of green development of blue 

agriculture in the Yellow River Delta 

Water conservancy is the lifeline of agriculture, and the 

shortage of fresh water resources restricts the development of 

traditional agriculture in the Yellow River Delta. Therefore, it 

is imperative to explore a new mode of agricultural devel-

opment. The serious impact of human activities, the aggra-

vated environmental pollution, and the biological resource 

problems have highlighted the necessity of green develop-

ment of blue agriculture. Besides, the invasion of Spartina 

alterniflora Loisel has made it urgent to develop blue agri-

culture in the Yellow River Delta.  

1.1    Shortage of fresh water resources 

The unique ecosystem and location of the Yellow River 

Delta are good conditions for the development of efficient 

ecological economy and green development of blue agricul-

ture. Water resource is an important part of the long-term 

sustainable development of the Yellow River Delta. In recent 

years, the shortage, uneven distribution, and pollution of 

water resources in the Yellow River Delta have been severe. 

The water resource is short in the central area and rich in the 

east and west, and the precipitation in summer accounts for 

70% of the annual precipitation (600 mm). These problems 

have become the major factors slowing down the develop-

ment of the Yellow River Delta 
[4]

. The main water resources 

in the delta include groundwater, precipitation, and guest 

water. At present, the exploitation of groundwater is ap-

proaching the limitation; the annual mean precipitation varies 

greatly and shows a downward trend year by year; Yellow 

River, the main guest water source, faces problems such as 

cutout, pollution, and waste. Meanwhile, the afflux of many rivers 

carrying industrial wastewater, seawater encroachment, and 

exhausted water resources have exacerbated the water re-

source problems in the delta.  

1.2    Severe impact of human activities 

The Yellow River Delta is an important oil development 

area, salt production base, and breeding area, with intense 

human activities. In addition, the coastal wetlands in this 

region have ample resources and a high value of ecological 

service. However, the intensive reclamation activities and the 

escalated impact of human activities have adversely affected 

the landscape and ecology in coastal wetlands 
[5]

. In recent 

years, the intensified human activities such as breeding, port 

and oilfield construction, salt industry, and farmland recla-

mation have aggravated the erosion of coastline, degradation 

of ecosystem, lack of fresh water resources, and natural dis-

asters in the region. The increasingly serious environmental 

problems post direct threats to the soil security and sustain-

able social and economic development in the Yellow River 

Delta
 [6]

.  

1.3    Aggravation of environmental pollution 

The rapid development of economy in recent years has 

drastically deteriorated the air quality and led to frequent fine 

particle pollution incidents in the Yellow River Delta. 

Moreover, due to the development of oil industry in Dongy-

ing City in the Yellow River Delta, the emission of volatile 

organic compounds in the area has increased. Besides, the 

Yellow River Delta is close to the Bohai Sea, with high rela-

tive humidity, which is conducive to formation of soluble 

organic carbon, intensifying the air pollution
 [7]

. In addition, 

the heavy metals with significant biotoxicity, from multiple 

sources, concealed, and accumulated in a long term, also 

posed a potential threat to the animals, plants, humans and the 

environment in the delta. Due to the rapid economic and 

social development in the delta, the pollutants from industry, 

agriculture, animal husbandry, and residents’ living activities 

have entered the sea through rivers, and thus the wetland 

pollution caused by heavy metals is becoming increasingly 

serious
 [8]

.  

1.4    Threat of biological invasion 

The invasion of alien species has become a major issue in 

the research on global change since these species have strong 

competitiveness due to the lack of natural enemies. S. al-

terniflora is originated from the Atlantic coast, with strong 

reproductivity including sexual and asexual reproduction and 

strong adaptabilities to various environments
 [9]

. S. alterni-

flora was introduced into the Yellow River Delta in 1990 and 

then spread rapidly in the salt marshes. Especially in the last 

                      
① Blue agriculture refers to human activities such as planting, breeding, intensive processing, and comprehensive utilization of biological resources in 

water bodies (including inland water and ocean). 
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five years, it continued to expand and exponentially grow, 

forcing Suaeda salsa and reed to migrate towards the land. 

No native plant could survive in the intertidal zone at the 

north side of the Yellow River estuary where S. alterniflora 

grow intensively, which seriously threatens the ecosystem 

safety of native coastal wetlands
 [10]

. The prevention and 

control of S. alterniflora is of great significance for restoring 

the ecology of coastal wetlands and protecting the biodiver-

sity on the mud flat. 

2    Conception and strategies of green devel-

opment of blue agriculture in the Yellow River 

Delta 

2.1    Ecological protection priority 

During the development of the Yellow River Delta, we 

must follow ecological principles, bear in mind that protect-

ing ecology is protecting productivity, and emphasize natural 

restoration and the concept of building with nature. Based on 

the environmental capacity and the needs of ecological pro-

tection, a compound model involving functional group con-

struction and farming of important species should be 

established to achieve beneficial and sustainable develop-

ment. (1) Land–ocean ecosystem restoration and coast 

ecology protection should be carried out. The restoration of 

coastal wetlands, shoreline remediation, and coastline mon-

itoring should be conducted first to provide a good envi-

ronmental foundation for the development. (2) On the basis 

of environmental capacity, measures should be taken to 

identify the mechanism and regulatory ways of land–ocean 

connection and determine the bottom line of environmental 

security, the upper limit of resources utilization, and the 

baseline of securing ecological functions in the Yellow River 

Delta. (3) Complementary industrial models should be im-

plemented to reduce the impact on the stability of ecosystem, 

regulate production activities in strict accordance with the 

main functional area, and optimize the spatial layout.  

2.2    Adaptation to local water conditions 

In order to ensure the health of the river and wetland 

ecosystems in the Yellow River Delta, it is necessary to set a 

warning line within the water capacity for the development 

and utilization of water resources. Abiding the rule of 

well-coordinated environmental conservation and avoiding 

excessive development, we should make clear the resources, 

environment, and ecological functions, and distinguish liv-

ing, production, and ecological water use, so as to realize 

rational development, efficient use, effective protection, and 

scientific management of the water. (1) Prevention and con-

trol of water pollution: The prevention and control of water 

pollution in wetlands and offshore areas should be strength-

ened. The total pollutants into the sea should be strictly  

controlled, and a list of sewage outlets should be established. 

The management should follow a case-by-case manner. For 

the outlets with problems, the main body of responsibility 

should be determined for the application of different 

measures. (2) Water environment protection: the connection 

of rivers, wetlands, and sea should be built, and modern water 

network with unblocked circulation, balanced abundancy and 

dryness, planned storage and drainage, and complementary 

multi-sources should be constructed. (3) Water ecological 

restoration: The restoration schemes of freshwater, brackish 

water, seawater, and wastewater should be explored. The 

wetland water use and freshwater supplementation in off-

shore ecosystems should be controlled to ensure the ecolog-

ical water use of the Yellow River watercourse and estuary. 

Attention should be particularly paid to the ecological fragile 

area to make green vitality reappear in the region.  

2.3    Deep integration of multiple elements 

The Yellow River Delta is an area where land, ocean, and 

atmosphere meet and interact. Giving full play of the land 

potential and extending the function of estuary wetland can 

help to realize the simultaneous development of modern 

agriculture and animal husbandry in the Yellow River Delta 

and the land–sea co-development. Insisting on land–sea 

co-development, coordination, and complementation can 

help to achieve efficient modern agriculture. (1) The main 

ecological functions and environmental stress factors should 

be clarified for the coordination of farming activities and 

further deep integration of multiple elements. Since different 

habitats have different ecological functions and stress factors, 

it is necessary to make full use of different habitats according 

to their unique characteristics. (2) Data, a new production 

element, is becoming a new source of power for economic 

and social development. We should vigorously promote the 

application of big data in the determination of environmental 

capacity, environmental prediction, and disease control and 

prevention, to promote and realize intelligent agriculture, 

real-time monitoring, precise management, remote control, 

and intelligent decision-making. Besides, big data can be 

used to link the production, processing, and transportation to 

form a traceable, queryable, and accountable closed infor-

mation loop for blue agriculture in the Yellow River Delta.  

2.4    Rational layout 

In the development and construction of the Yellow River 

Delta, the social economic and ecological benefits should be 

combined to integrate ecology and industry and realize the 

integrated development of economy, living, and ecology. For 

the spatial layout, multiple plans should be adopted, includ-

ing the main functional area plan, the coastal economic belt 

plan, the overall plan for land utilization, and overall urban 

plan 
[11]

. Furthermore, the warning line for ecological pro-

tection, the bottom line for environmental quality and   
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ecological risk management, and the upper line for resource 

usages should be set. The standards for industry entry and 

exit should be suggested in the Yellow River Delta 
[12]

. The 

basic spatial pattern of production, living, and ecology in the 

Yellow River Delta should be determined for the land–sea 

coordination and orderly development of the Yellow River 

Delta. In land areas, priority should be given to the devel-

opment of accurate breeding and high-efficiency protected 

agriculture. Mud flats should be used for the breeding of 

precious aquatic products and modern marine ecological 

farms should be constructed in offshore areas. Meanwhile, 

modern logistics, aquatic product processing, and ocean 

tourism should be developed.  

3    A new mode of green development of blue 

agriculture in the Yellow River Delta 

The development of blue agriculture in the Yellow River 

Delta should be based on the following principles. The in-

dustrial structure of the region should be improved based on 

ecological theories. Industrial transformation and upgrading 

should be driven by innovation for the building of a new 

accurate agricultural system with international competitive-

ness. The developmental space and layout should be ex-

panded to achieve engineering, mechanization, 

intelligentization, and informatization. Specifically, we 

should focus on ecological farm and ranch in coastal area, the 

integration of fishery and tourism in wetland, and the inte-

gration of fishery and energy industry in the areas with rich 

renewable energy. The industrial models should be linked to 

form an intact industrial system and finally realize the green 

and sustainable development of the Yellow River Delta. 

3.1    Ecological farm and ranch  

The ecological farm in the saline-alkali land, farm and 

ranch in mud flat, and marine ranch in shallow sea area in the 

Yellow River Delta should be constructed using modern 

engineering technology based on ecological theories. In this 

way, a healthy ecosystem model for coastal protection and 

sustainable utilization can be established, with the integration 

of planting, fishery, and breeding
 [13]

. (1) In the saline-alkali 

farm and ranch, the forest–grass mode can significantly im-

prove soil physical and chemical properties, soil porosity, 

water conservation, available nutrients, and the number of 

microorganisms. For example, the planting mode of Fraxinus 

chinensis + Tamarix chinensis + Medicago sativa well re-

mediates the coastal saline soil in the Yellow River Delta
 [14]

. 

In addition, Helianthus tuberosus and Sesbania can be cul-

tivated for animal husbandry. The cycling mode of 

rice–fish–crab can be adopted. Furthermore, intensive pro-

cessing of biological products and cultivation of Chinese 

herbal medicine can be carried out. (2) In the ecological farm 

and ranch in mud flat, the control of S. alterniflora and hab-

itat reconstruction should be realized for the cultivation of 

Tamarix chinensis–Cistanche deserticola, animal breeding, 

fry rearing, farming of vegetable–rare sea products, conser-

vation and clean production of shellfish resources, devel-

opment of health products, and animal food intensive 

processing. (3) In the marine ranch in shallow sea area, oyster 

reef, seagrass bed, and fishery resources should be protected 

and restored, and the development of functional fertilizer and 

intensive processing of marine products should be promoted.  

3.2     Integrated development of fishery and   

tourism 

The following measures can be taken to extend the indus-

trial chain for the development of blue agriculture in the 

Yellow River Delta. (1) Areas with good infrastructure con-

ditions can be chosen to develop recreational fisheries and 

breed and release fish with high economic value. Land- or 

ship-based tourism units can be built for the reasonable de-

velopment of fishing and underwater diving. (2) The con-

servation of seagrass bed and oyster reef, construction of 

fish-attracting artificial reef, and arrangement of landscape 

artificial reefs should be conducted to restore fish resources. 

(3) Wetland museums, bird museums, etc. should be estab-

lished to spread the knowledge on the status of wetlands in 

the Yellow River Delta, as well as on birds such as 

red-crowned crane, white-head crane, white stork, and golden 

eagle, thus popularizing local culture. (4) A tourist center 

should be set up to provide personalized tourism services 

such as theme tours and team tours.  

3.3    Integrated development of fishery and energy 

industry 

General Secretary Xi Jinping has pointed out that it is 

necessary to protect the marine environment and strive to 

promote the transformation of marine development toward 

recycling mode. The Opinions on Sea Management of Off-

shore Wind Power released by State Oceanic Administration 

stated that intensive and economical use of the sea should be 

kept to improve the use efficiency of sea resources. The in-

tegrated development of offshore wind power, solar power, 

and wave power in the Yellow River Delta is a development 

mode sustainable for the intensive and economical use of the 

sea, with both ecological and efficiency benefits
 [15–18]

. At 

present, the offshore renewable energy is still in infancy and 

tangled with problems such as regulation complexity and 

imperfect development technology. However, the conversion 

of wind energy, solar energy, wave energy, and tide energy 

can satisfy the increasing energy demand of fishery
 [19]

. We 

put forward the following suggestions to realize the efficient 

and reasonable use of wind energy, solar energy, wave ener-

gy, and other renewable energy. (1) A renewable energy 

monitoring system should be established. The monitoring 

CNKI
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results can be taken as reference for the location selection and 

spatial layout. The construction of wind farms can be inte-

grated with aquaculture farms, ecological ranches, and sport 

fishing and fishery. (2) A wind-powered water pumping sys-

tem should be built to improve water use for fishery devel-

opment and mitigate land salinization. (3) Equipment and 

technology should be upgraded to resolve the randomness, 

eruptiveness, and instability of renewable energy. A power 

system with the complementation of wind energy, light en-

ergy, and tide energy can be built to achieve integrated de-

velopment of fishery and energy industry.  

3.4    Linkage of three kinds of industrial models 

The traditional farm and ranch in the Yellow River Delta, 

conducting only coastal planting and mud flat breeding, are 

characterized simple structure and low efficiency. The space 

needs to be expanded for the future development of blue 

agriculture in the Yellow River Delta. The primary industry 

(agriculture, animal husbandry, and fishery), the secondary 

industry (intensive processing), and the tertiary industry 

(culture and tourism) should be integrated, which can not 

only increase the value of ecological services but also help 

maintain and improve the environment. (1) The development 

of agriculture, animal husbandry, and fishery should be 

promoted according to local conditions to optimize the re-

gional planting structure. For example, the saline-alkali 

low-yield fields in Dongying City could be used to develop 

coarse cereals with both food and medicine use or grain and 

feed functions. (2) Intensive processing should be developed 

to reduce the transportation cost and increase the added value 

of agricultural products. For instance, irradiation, together 

with ultra-high pressure treatment, low-temperature treat-

ment, and preservative treatment for Lateolabrax japonicus, 

a native species in the Yellow River Delta, can realize the 

high-quality preservation with low energy consumption. (3) 

Ecological restoration can be combined with ecological 

tourism and recreational fishery to support the running of 

farms and marine ranches. For example, in the Yellow River 

Estuary Eco-tourism Area, Hongtan Wetland Coastal Park, 

Dongying Haihonggang Tourist Area, animal and plant mu-

seums can be built for science education and ecological pro-

tection purposes.  

4    Principles and measures for green devel-

opment of blue agriculture 

4.1    Mechanisms of land–sea connection 

The land–sea ecological connection plays an important 

role in the protection of biological resources, the maintenance 

of biodiversity, and the restoration of endangered species in 

the Yellow River Delta. Land–sea connection refers to the 

connection of shallow sea, intertidal zone, and land through 

biological, hydrological, geological, and geochemical pro-

cesses
 [13]

. Recently, the current model of saline-alkali agri-

culture and fishery can no longer meet the requirements of 

developing modern agriculture. It is urgent to investigate the 

regulatory mechanism and control methods of land–sea 

connection, and new facilities and measures should be 

adopted to establish an ecological farm and ranch model 

based on ecosystem management theory. Blue agriculture in 

the Yellow River Delta requires efficient use of mud flat and 

restoration of ecological functions. The development plan 

should be made in accordance with land–sea coordination. 

Fry and fingerling breeding, control of S. alterniflora, habitat 

reconstruction, animal breeding, intensive processing, and 

eco-tourism should be carried out to achieve green and effi-

cient development.  

4.2    Capacity evaluation  

The capacity of blue agriculture in the Yellow River Delta 

should be assessed to promote the green development. Spe-

cifically, ecological capacity, environmental capacity, and 

biological capacity are the overall requirement, foundation, 

and acting point, respectively. Through scientific and precise 

control, the capacity, quality, and efficiency of economic 

development in this region can be improved. Regulating the 

capacity of key environmental indicator species and repairing 

species in the farm area will effectively protect and restore 

the environment. Environmental protection should be com-

bined with resource conservation, high-efficiency produc-

tion, and recreational fishery to achieve ecological priority, 

land–sea coordination, and linkage of three kinds of indus-

trial models. The modernization and sustainable development 

of the Yellow River Delta can be realized through scientific 

planning and precise management. In the coastal city 

Dongying, the recent capacity and developmental trend can 

be clarified through water quality monitoring, wetland re-

mote sensing, and socio-economic statistics. Ecological 

tourism should be developed and port advantages should be 

taken to promote green development in the region while 

maintaining ecological and environmental superiority.  

4.3    Monitoring and restoration 

Ecosystem monitoring in the Yellow River Delta provides 

the reference for evaluating and predicting the impact of 

human activities on the ecosystem and serves as a basis for 

policy-making such as the rational use of natural resources 

and the environmental improvement in the region 
[20–22]

. The 

Yellow River Delta is an alluvial plain formed by the accu-

mulation of sediments in the Yellow River, which is the 

transition zone from ocean to land. Natural evolution pro-

cesses such as river swing, coastal erosion, estuary sedi-

mentation, vegetation succession, and soil development are 

typical and unique in this region, making it an ideal area for 

the monitoring and research of environment
 [23]

. Currently, 
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the multi-source data fusion, assimilation and data mining, 

and standardized modeling of the Yellow River Delta should 

be studied, which, combined with artificial intelligence and 

knowledge engineering, could monitor the water environ-

ment, industrial wastewater, carbon emissions, land re-

sources, wetlands ecosystem, species and number of animals 

and plants, natural disasters, biological invasion, etc. in the 

delta. Modern scientific methods and intelligent management 

systems can be established to explore habitat changes, warn 

for environmental security, and repair contaminated areas and 

damaged vegetation, providing data support for the devel-

opment of blue agriculture in the Yellow River Delta.  

4.4    Blue agricultural germplasm industry  

Blue agricultural germplasm industry involves the taxo-

nomic research on the genetic resources of aquatic products, 

the establishment of libraries for conservation, and the for-

mation of an integrated system for the research and man-

agement of marine genetic resources. The future germplasm 

industry in the Yellow River Delta should put emphasize on 

the basic research of protection and utilization of important 

germplasm resources such as Eriocheir sinensis, Stichopus 

japonicus, L. japonicus, and Meretrix meretrix. The biologi-

cal basis of economic traits such as growth and disease and 

stress resistance should be studied. The problems in the pro-

tection and utilization of local germplasm resources, the 

assessment of germplasm, and the production of breeding 

materials should be solved. A molecular breeding platform 

suitable for the Yellow River Delta rich in biological re-

sources and genetic polymorphism should be constructed to 

form an integrated system of breeding, reproduction, and 

commercialization.  

4.5    Green breeding  

It is necessary to develop green breeding technologies 

suitable for the Yellow River Delta. Attention should be at-

tached to the nutritional requirements of important aquacul-

ture species such as E. sinensis, S. japonicus, L. japonicus, 

and M. meretrix, and to improve the feed processing tech-

nology, safety, and efficiency. The breeding management, 

basic research of emerging diseases, development of bio-

control technologies and new vaccines should be enhanced. 

The technologies of intensive breeding should be enhanced to 

realize the mechanization, automation, and intelligentization 

of breeding. The principles of green development should be 

followed, which emphasizes the integrity, coordination, and 

multi-participation in ecosystem management. The biological 

capacity of ecosystem should be assessed scientifically for 

the promotion of the integrated ecological breeding.  

4.6    Intensive processing of products 

It is the primary way to improve the resource utilization in 

the Yellow River Delta by establishing a complete industrial 

chain of primary, moderate, and intensive processing 
[24]

. 

However, intensive processing in the Yellow River Delta has 

poor automation and high energy and material consump-

tion
 [25]

. With the development of blue agriculture, the use 

efficiency of resources should be enhanced
 [26]

. For example, 

the equipment and technologies for processing aquatic 

products should be developed based on enzyme engineering, 

fermentation engineering, and bioreactor engineering. The 

extraction and modification of proteins and sugars in aquatic 

products, green processing and allergen control of animal 

lipids, and intensive processing of chitosan should be de-

veloped to build an intact intensive processing system with 

high efficiency.  

References 

1 Liu F. Preliminary Study of Pollution, Degradation and Remediation in 

Aquatic Ecosystem of Yellow River Delta Wetland. Qingdao: China 

Ocean University Press, 2015 (in Chinese). 

2 Liu L J, Li Y T, Liu Z X, et al. Construction and demonstration of ecocycle 

symbiosis model based on saline-alkali land improvement—setting the 

Yellow River Delta Area as an example [J]. Shandong Land and Re-

sources, 2019, 35 (8): 59-63 (in Chinese). 

3 Yang H S. Second leap in “Blue Agriculture” devlopment. World Sci-Tech 

R & D, 1999, 21 (4): 77–80 (in Chinese). 

4 Gao Z B, Wan P, Gao J, et al. 黄河三角洲水资源利用问题及对策研究. 

Water Resources Planning and Design, 2017, (11): 100–101 (in Chinese). 

5 Yu S T. Human Activity Intensity and Ecological Effect of Coastal Wet-

lands in the Yellow River Delta. Qingdao: Qingdao Technological Uni-

versity, 2018 (in Chinese).  

6 Xiao Y. Human Activities and Their Effects on Soil Salinization and 

Degradation in the Yellow River Delta. Tai’an: Shandong Agricultural 

University, 2018 (in Chinese). 

7 Luo Y Y. Characteristics of Water-soluble Organic Carbon in Atmospheric 

Particulate Matter in the Yellow River Delta. Jinan: Shandong University, 

2019 (in Chinese). 

8 Song Y, Li H D, Shi W B, et al. Ecological risk assessment of heavy metals 

in the wetland of the Yellow River Delta. Environmental Protection Sci-

ence, 2018, 44 (5): 118–122 (in Chinese). 

9 Liu M Y. Remote Sensing Analysis of Spartina alterniflora in the Coastal 

Areas of China during 1990 to 2015. Changchun: University of Chinese 

Academy of Sciences (Northeast Institute of Geography and Agroecology, 

Chinese Academy of Sciences), 2018 (in Chinese).  

10 Qiao P Y. Study on Mechanical and Chemical Control of Invasive Plant 

Spartina alterniflora in Yellow River Delta. Hohhot: Inner Mongolia 

University, 2019 (in Chinese). 

11 Huang J C, Lin H X, Qi X X. A literature review on optimization of spatial 

development pattern based on ecological-production-living space. Pro-

gress in Geography, 2017, 36 (3): 378–391 (in Chinese). 

12 Shi H J, Xu N Z, Zhang Y H, et al. Regional environmental management 

and control system based on “Three Lines”—Taking the Pearl River Delta 

as an Example. Environmental Impact Assessment, 2018, 40 (5): 23–29 

(in Chinese). 

13 Yang H S. Conception and approach on new model of ecological farm and 

ranch constructions in coastal zone—A case of the Yellow River Delta, 

China. Bulletin of Chinese Academy of Sciences, 2017, 32 (10): 

1111–1117 (in Chinese). 

14 Sun J, Xia J B, Su L, et al. Soil amelioration of different vegetation types 

in saline-alkali land of the Yellow River Delta, China. Chinese Journal of 

Applied Ecology, 2020, DOI: 10.13287/j.1001-9332.202004.032 (in 

Chinese). 

15 Van Kuik G, Joachim P. Long-term research challenges in wind ener-

gy—A research agenda by the European Academy of Wind Energy. Berlin: 

Springer, 2016. 

16 Kumar V, Shrivastava R L, Untawale S P. Solar energy: Review of  

CNKI



 

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd. 7 

potential green & clean energy for coastal and offshore applications. 

Aquatic Procedia, 2015, 4: 473–480. 

17 O’Hagan A, Huertas C, O’Callaghan J, et al. Wave energy in Europe: 

Views on experiences and progress to date. International Journal of Ma-

rine Energy, 2016, 14: 180–197. 

18 Yates K L, Bradshaw C J. Offshore Energy and Marine Spatial Planning. 

London: Routledge, 2018. 

19 Young M. Building the blue economy: The role of marine spatial planning 

in facilitating offshore renewable energy development. The International 

Journal of Marine and Coastal Law, 2015, 30 (1): 148–174. 

20 Li Y Y, Yu X L, Shi J W. 生态监测及其发展趋势. Journal of Hydroe-

cology, 2005, 25 (4): 62–64 (in Chinese). 

21 Jiang B L. Ecological Monitoring. Fujian Environment, 2003, 20 (1): 4–6 

(in Chinese). 

22 Xie Q J, Yang Z Y, Li M Y. 生态监测及其在我国的发展. Light Industry 

Science and Technology, 2008, 24 (8): 77–79 (in Chinese). 

23 Zhang G S, Wang R Q. Research on dynamic monitoring of ecological 

environment in modern Yellow River Delta. China Environmental Sci-

ence, 2008, 28 (4): 380–384 (in Chinese). 

24 Mao H Y, Zhao Q J, Gao Q. New thought and pattern under the 

eco-environmental restriction in the Yellow River Delta. Journal of Nat-

ural Resources, 2003, 18 (4): 459–466 (in Chinese). 

25 Ju Z J, Qin L X. Research on the present situation and the development 

trend of the aquatic product processing industry in China. World Agri-

culture, 2013, (5): 138–142 (in Chinese). 

26 Yang H S, Xing L L, Zhang L B. Promoting systematic design and in-

novation-driven development for modern fishery. Bulletin of Chinese 

Academy of Sciences, 2016, 31 (12): 1339–1346 (in Chinese). 

(Translated by XU XY) 

 YANG Hongsheng, corresponding author, Received BSc degree of aquaculture from Huazhong Agri-

cultural University, Wuhan, Hubei, MSc degree of hydrobiology from Huazhong Agricultural University, 

and PhD degree of aquaculture from Ocean University of China, Qingdao, China in 1996. He is currently 

the Professor, Doctoral Supervisor, and Executive Deputy Director of Institute of Oceanology and Yantai 

Institute of Coastal Zone Research, Chinese Academy of Sciences (CAS), and the vice president and 

secretary general of Chinese Society of Oceanology and Limnology, and the vice president of China 

Society of Natural Resources. He was awarded “New Century Millions of Talents Project” National 

Candidate in 2010, “Outstanding Contribution Expert of Shandong” in 2010, and “Distinguished Expert of 

Taishan Scholar” in 2015. He has been focusing on the research in aquacultural ecology and facility, 

habitat restoration and resource conservation, biology and selective breeding of sea cucumber, etc. E-mail: 

hshyang@yic.ac.cn; hshyang@qdio.ac.cn 

CNKI


	Study on Green Development Model and Approach of Blue Agriculture in the Yellow River Delta
	Recommended Citation

	Study on Green Development Model and Approach of Blue Agriculture in the Yellow River Delta
	Abstract
	Keywords
	Authors

	Microsoft Word - 2010CG00012.docx

