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Half the population of China live in coastal zones where 70% of large cities are also located.
Intensive human activities pose significant environmental and ecological hazards to these
cities that are already vulnerable to natural hazards and climate change. The sustainable
development of coastal cities is thus both a national and international issue. Rongcheng is
a typical coastal city in east China. It is a national marine ranch demonstration area that is
subjected to multi-stressors from human activities and climate change. The dominant
economic sectors include aquaculture and fisheries, agriculture, shipping and tourism. A
multitude of resulting pressures come mainly from intensified human activities, such as
intensive aquaculture, overfishing, industrial pollutants, agricultural runoff, land reclamation
and port expansion. In addition, Rongcheng is also facing exogenic pressures from
extreme climate events such as intensified storms, storm surges, droughts and sea
ice. A growing awareness of these problems brought together a trans-disciplinary group
from local government, research institutions, local practitioners and coastal
representatives to jointly explore and co-design adaptive coastal management options.
In this transdisciplinary study, a social-ecological analysis based on a combination of the
Systems Approach Framework and the Drivers-Pressures-States-Impacts-Responses
framework was used to analyze and formulate an adaptive management plan for the
sustainability of Rongcheng. More than 40 stakeholders including government,
companies, civil society and institutions participated in the study through
questionnaires and on-site meetings. A statistical analysis of the results identified
urgent issues impeding the sustainable development of Rongcheng. The issues
identified were poorly regulated aquaculture, loss of shoreline, and the decline of
seagrass and cultural heritage. The study identified management options and
measures, some of which were adopted by the local government in a co-designed
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Sustainable Development of Coastal Cities

management plan. The measures included upgrading of aquaculture industry, habitat
conservation and restoration, and the development of cultural tourism. Another outcome
was the increased knowledge exchange between stakeholders to inform management,
policy, and decision making, as well as raised awareness of vulnerability to natural hazards
and climate change. The success of this case study provides a reference for the adaptive
management of other coastal cities and their sustainable development in a changing

climate.

Keywords: coastal city, human activity, DPSIR, climate change, sustainable development, transdisciplinary adaptive
management, social-ecological systems

INTRODUCTION

One-third of the world’s population lives within 100 km of the
coastline, and 62% of cities with a population of more than 8
million are in coastal areas (Stephenson et al., 2010). In China,
more than 70% of large cities and 50% of the population are
concentrated in the eastern and southern coastal areas (Wang
et al,, 2012; You, 2019). Since the industrial revolution when
Greenhouse Gas (GHG) emissions increased dramatically, the
global climate system has been experiencing significant changes
characterized by global warming. An increase in temperature is
posing huge challenges such as sea level rise (SLR), sea surface
temperature (SST) rise, storm surges, sea water intrusion and
coastal erosion to the coastal cities. Moreover, climate change is
compounded by past and present patterns of unsustainable
development that have degraded coastal ecosystems and
increased social vulnerability. Furthermore, climate change
impacts like SLR are increasing the intensity and frequency of
some hydro-meteorological events, such as extreme sea-level-
related events. Recently, the WGI report of IPCC (2021) outlined
the physical scientific basis of climate change, including the latest
projections about SLR. The IPCC SROCC report outlined details
of the challenges faced by coastal cities (Oppenheimer et al.,
2019). In this climate change context, the pressures originating
from high-intensity human activities such as industrialization,
agricultural intensification, coastal land reclamation, and rapid
urbanization are changing the coastal ecosystems, especially in
developing countries (Major et al., 2018), such as China.

The global scientific community recognizes the importance of
the sustainability of the oceans and the United Nations
Educational, Scientific and Cultural Organization (UNESCO)
has launched the initiative “The Decade of Ocean Science for
Sustainable Development (2021-2030)”. There is also global
awareness of threats and risks to coastal cities due to climate
change and human activities. Future Earth Coasts' is undertaking
coastal zone research focusing on trans-disciplinary adaptive
strategies that integrate excellent science, effective governance,
social and cultural adaptations, and raising public awareness of
coastal risks (Future Earth Coasts, 2018a; Future Earth Coasts,

'Formally the Land-Ocean Interactions in the Coastal Zone (LOICZ) project of the
former International Geosphere Biosphere Programme (IGBP) and the
International Human Dimensions Programme (IHDP).

2018b). Future Earth Coasts brings together an international
group of scholars, including the co-authors of this article, who
explore how to translate the above aspirations into practical
reality through a series of case studies.

Coastal city responses to climate change and anthropogenic
stressors have been extensively studied to explore various
approaches to support sustainable development (Newton
et al., 2016; de Alencar et al., 2020). Adaptation strategies to
climate change rely on excellent science, as well as local culture,
social networks, economic and political systems (Mea et al,
2016; Sorensen et al., 2018). A transdisciplinary, co-designed,
adaptive management framework can contribute positively to
the sustainable development of a coastal city, in the context of
climate change and human activities, by addressing stakeholder
issues and perspectives (Semeoshenkova et al., 2017; Berninsone
et al., 2018).

Adaptive-management frameworks can be used to analyze
prominent local issues of coastal social-ecological systems
(Binder et al, 2013). They depend on a co-learning process
that begins with stakeholder engagement and concludes with
the implemention of practical management actions (Frohlich
et al, 2019). Various studies and research approaches have
developed trans-disciplinary adaptive strategies (Chiang et al.,
2014; Mansur et al,, 2018; de Alencar et al., 2020). However,
transdisciplinary, co-designed, adaptive management is a
relatively new approach, with few examples in China.

In this study, Rongcheng, a typical coastal city in East China
was selected as a case study, to explore how transdisciplinary, co-
designed and adaptive management could support sustainable
development, especially the response to coastal hazards in the
context of human activities and climate change. Two adaptive
management frameworks, Systems Approach Framework (SAF)
and Drivers-Pressures-States-Impacts-Responses (DPSIR) were
used in combination to 1) map the stakeholders engaged in the
study; 2) identify and analyze the key issues impeding the
sustainable development of Rongcheng; 3) formulate an
adaptive management plan for Rongcheng City. This provides
a reference case study on the adaptive management and
sustainable development efforts by other coastal cities in a
changing climate.

This study addressed the following research questions:

(1) What are the main hazards for the sustainable development
of Rongcheng from the perspective of scientists?
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FIGURE 1 | Location of Rongcheng city on the coast of China.

(ii) Who are the interested parties with respect to the
sustainable development of Rongcheng?

(iii) What are the main issues for the sustainable development
of Rongcheng from the perspective of the local, interested
parties?

(iv) What is the willingness to engage in participatory processes
as a stakeholder?

(v) Who are relevant stakeholders corresponding to the main
identified issues?

(vi) What are the management options to address these issues?

(vii) Does the transdisciplinary approach contribute knowledge
that is useful to decision-makers?

(viii) Does the approach raise awareness of vulnerability to
natural hazards and climate change?

(ix) Can this approach be useful for future-proofing coastal
cities in China?

MATERIALS AND METHODS
Study Area

Rongcheng City® district is located on the easternmost tip of
Shandong Peninsula, China (see Figure 1), facing the Yellow Sea
on its north, east and south sides with a coastline of 500 km. The
city district has a land area of 1,526 km?, with the jurisdiction over
26 towns, 920 administrative villages, and a total population of
660,000. The terrain slopes from northwest to southeast, with an
average elevation of 25 m. There are 102 rivers in the city, all of
which have intermittent flows, following seasonal rains. The
climate here is warm, humid, and influenced by monsoons.
Surrounded by the sea on three sides, the city climate is
significantly regulated by the ocean, with the characteristics of
maritime climate. There are 10 bays, 10 natural bathing beaches,

*http://www.rongcheng.gov.cn/col/col61812/index.html
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115 islands and 100 km* of tidal flat along the shoreline.
Rongcheng  possesses numerous natural and cultural
landscapes, including the typical coastal habitats of lagoons
and seagrass meadows. Moreover, Rongcheng has rich
biodiversity and fishery resources including swans, prawns,
eagle claw shrimp, yellow croaker, flounder, scallops, kelp and
wakame.

The economic development of Rongcheng is mainly
driven by the marine or “blue” economy, and the value of
the marine fishery and aquaculture dominates the whole
industrial food-system. After decades of aquaculture and
urbanization, Rongcheng has developed as a National
Marine Ranch Demonstration Area where the dominant
economic sectors are aquaculture and fisheries.
Rongcheng includes a breeding area of 388km? 5
national marine ranches and 11 national, leisure-fishery
demonstration areas. The output of aquatic products
(1.25 million metric tons) and the total fishery income
(15.0 billion USD in 2020) have been ranked first, at the
national level, for 39 years. This accounts for a substantial
contribution to the total annual aquaculture production in
China, for example kelp (31%), sea cucumber (14%) and
abalone (5%).” Rongcheng has 2, first-class open ports and
10 first-class open harbors, with the cargo throughput
capacity over 25 million metric tons. Rongcheng
possesses 317 professional, ocean-going fishing vessels,
accounting for 70% of the Shandong Province pelagic
fishing fleet. Rongcheng has more than 260 marine food
companies, with an annual income from sales reaching 20
billion USD, according to the official website of the local
government. Rongcheng is the largest production base for
frozen prepared food, kelp, seafood and canned food in
China. The tourism industry in Rongcheng is also very
developed, with about 12 million domestic and foreign
tourists annually. Other important economic sectors
include agriculture, shipping and urbanization.

A multitude of resulting pressures come mainly from
human  activities including intensive  aquaculture,
overfishing, industry pollutant discharge, agriculture runoff,
coastal land reclamation and port construction (Ni et al., 2017;
Shao et al.,, 2019). These have led to changes in the state of the
environment and ecology, such as pollution by heavy metals
and persistent organic pollutants (POPs), marine debris and
microplastics, eutrophication, seagrass meadow degradation,
and shoreline recession (Wang F. et al., 2017; Sui et al., 2020).
This environmental degradation has resulted in a reduction in
the delivery of valuable ecosystem services, such as the
provision of quality seafood, cultural heritage, which also
impacts on human welfare, human health and the
sustainable development of the local economy. In addition,
Rongcheng is also facing exogenic pressures from the extreme
climate events, such as intensified coastal storms, storm surges,
beach erosion, droughts and sea ice. These have resulted into
the erosion of the natural shoreline, the decline of coastal

*http://tjj.weihai.gov.cn/col/col12005/index.html
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TABLE 1 | Stakeholders related to the Rongcheng City coastal development.

Sector Governance

North China Sea Branch of State Oceanic
Administration

China Fisheries Law Enforcement (in Yellow Sea
and Bohai Sea)

Rongcheng Municipal Ocean and Fishery Affairs
Bureau

Shandong Ocean Bureau

Shandong Hydrobios Resources Conservation
and Management Center

Rongcheng Station for Popularizing Fishery
Technique

Aquaculture/fishery

Agriculture Rongcheng Municipal Agriculture Bureau

Rongcheng Food and drug Administration

Maritime Navigation and
Transport

Weihai Maritime Safety Administration

Weihai Port and Shipping Administration Bureau
Rongcheng Transport Administration Bureau
(Port and Shipping Administration Bureau)

Industry (mining,
Petrochemical, salt ... )

Weihai Municipal Bureau of Land and Resources
Weihai Bureau of Salt Industry

Leisure (Tourism) Rongcheng Station for Popularizing Fishery

Technique

Sewage treatment Weihai Municipal Environmental Protection
Bureau
Weihai Municipal Ocean and Fishery Affairs

Bureau

Coastal engineering Weihai Municipal Bureau of Land and Resources
Shandong Provincial Cultural Relics Bureau

The National Cultural Relics Bureau

Private company

Xunshan Group Co., Ltd.

Shandong Homey Aquatic Development
Co., Ltd.

Chudao Fishery Co., Ltd. of Rongcheng
Yantai Sanhang Radar Service
Technology Research Institute Co., Ltd.

Xunshan Group Co., Ltd. (Lijiang Harbor)
Chudao Shipyard

Yantai Sanhang Radar Service
Technology Research Institute Co., Ltd.

Weihai China Travel Service Co., Ltd.
The Base for Recreational Fishing

The Museum of Traditional Culture and
Seagrass House

Rongcheng Sewage Treatment Plants

Yantai Sanhang Radar Service
Technology Research Institute Co., Ltd.

Sustainable Development of Coastal Cities

Civil society/community and
research institutions

Rongcheng fishery Association

Yellow Sea Fisheries Research Institute
(YSFRI), Chinese Academy of Fishery Sciences
Ocean University of China (OUC)

Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences (YICCAS)
Marine Biology Institute of Shandong Province
Ludong University

Institute of Oceanology, Chinese Academy of
Sciences (IOCAS)

Ludong University

Shandong Tourism Trade Association

Ocean University of China (OUC)
Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences (YICCAS)

Yellow Sea Fisheries Research Institute
(YSFRI), Chinese Academy of Fishery Sciences
Ocean University of China (OUC)

Yantai Institute of Coastal Zone Research,
Chinese Academy of Sciences (YICCAS)
Ludong University

habitat and an increased vulnerability of the population to
natural hazards.

Data Sources
The information and data used were obtained from the following
resources:

(1) Bibliographical survey: The sources include published
reviews and research articles, books and book chapters,
master/doctoral degree theses, government reports.

(2) Field and monitoring data: Field investigation and sampling
to determine state variables, such as rates of erosion,
condition of seagrass meadows;

(3) Multi-temporal remote sensing images: Mapping and
assessing areas devoted to aquaculture and the extent of
seagrass meadows;

(4) Outcomes of participatory processes: These included minutes
of face-to-face interviews, meetings with stakeholders, oral
presentation slides from the local representatives during the
stakeholders’ meeting, project deliverables. The participatory

process is summarized in Tables 1 and 2 and in Participatory
Process.

Participatory Process

The transdisciplinary approach had not been used previously for
studies in coastal sustainability in China. The Yantai Institute of
Coastal Zone Research, Chinese Academy of Sciences (YIC-
CAS), initiated the work was supported by the CAS
President’s International Fellowship Initiative (PIFI), to
involve international experts to help with the initiation of the
process. A variety of stakeholder engagement tools was used in
the work including questionnaires, meetings and presentations.

Step 1 Identification of stakeholders: The researchers from
YIC-CAS carried out a mapping exercise that identified 40
potential stakeholders. These were categorized by sectors (e.g.,
fisheries/aquaculture/shipping) and then allocated to the
following four groups: government, private companies, civil
society/community and research institutions (Table 1), to
ensure balance and cross-sectoral representation.
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TABLE 2 | Stakeholder participation and the level of engagement.

Sustainable Development of Coastal Cities

Stakeholder identification Issue 1 Issue 2 Issue 3 Online Responses Meetings
Poorly Loss of Decline questionaires (measures) and
regulated shoreline seagrass on-going
aquaculture bed and forum
seagrass
house
Set Shandong Ocean Bureau yes yes yes yes yes yes
One Shandong Hydrobios Resources Conservation yes yes yes yes yes yes
and Management Center
Chudao Fishery Co., Ltd. of Rongcheng yes yes yes yes yes yes
Yantai Institute of Coastal Zone Research, Chinese yes yes yes no yes yes
Academy of Sciences
Rongcheng Station for Popularizing Fishery yes yes yes yes yes yes
Technique
Rongcheng Fishery Association yes no yes yes no yes
Chudao Shipyard yes yes yes yes no no
Set The People’s Government of Rongcheng yes yes yes no yes yes
Two Municipality
Shandong Homey Aquatic Development Co., Ltd. yes no no no yes no
Rongcheng Municipal Ocean and Fishery Affairs yes no no no yes yes
Bureau
Weihai Municipal Ocean and Fishery Affairs Bureau yes no no no yes yes
Ludong University no yes no no yes yes
Yantai Sanhang Radar Service Technology no yes no no yes yes
Research Institute Co., Ltd.
Institute of Oceanology, Chinese Academy of no no yes no yes yes
Sciences (IOCAS)
Mashan Group Co., Ltd. no no yes no yes no
Yellow Sea Fisheries Research Institute (YSFRI) no no yes no yes yes
Chinese Academy of Fishery Sciences
Ocean University of China (OUC) no no yes no yes yes
China Foundation For Cultural Heritage no no yes no yes no
Conservation
Shandong Provincial Cultural Relics Bureau no no yes no yes no

Step 2 Invitation to participate: All the potential
stakeholders were then contacted and invited to
participate by YICCAS and the local government.
Contacts were made through various means, including
meetings, emails, and phone calls. The initial contacts
were followed up to confirm if they were interested in
participating in the study and to encourage them to do so.
Step 3 Issues questionnaire: The stakeholders who engaged
then participated in a questionnaire survey to identify their
perception of the main issues for coastal sustainability under
climate change, as explained in detail in Issue Identification.
Step 4 Introduction to transdisciplinary adaptive management:
The stakeholders were invited to attend presentations about
the purpose of adaptive management frameworks and
transdisciplinary co-design. The subsequent process and
their involvement were explained to encourage continued
participation.

Step 5 Issue identification: The stakeholders who were brought
together in a meeting to interact and deliberate reached a
consensus on the main issues related to sustainable
development in Rongcheng City based on the results of the
questionnaire (step 3).

Step 6 Engagement of additional stakeholders: Further
stakeholders were invited and encouraged to participate as

interested parties, based on the identified issues. The adaptive
management framework, the subsequent process and their
involvement were explained.

Step 7 Parallel stakeholder sessions: The stakeholder process
continued in parallel between stakeholders grouped according
to the different issues. The stakeholders used the adaptive
framework to analyze each of the main issues and arrive at
management options.

Step 8 Joint stakeholder meeting: A series of meetings was held
to analyze the possible responses and measures identified for
each issue in Step 7.

Step 9 Management plan: The stakeholders co-designed an
adaptive management plan.

Adaptive Management Frameworks

Binder et al. (2013) compared the advantages of 10 different
frameworks finding that some frameworks are more suitable in a
coastal, social-ecological analysis. For example, the Systems
Approach Framework (SAF) is a methodological framework
for the transition to sustainable development in coastal zones
(Newton, 2012). The SAF was developed for providing
multidisciplinary ~ and  trans-disciplinary =~ advice  to
environmental managers and policy-makers concerning
environmental problems in the coastal zone (Baltranait et al,
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2020). The key parts of the SAF approach - System Definition,
Stakeholder Mapping, and Issue Identification are fundamental
steps of the adaptive management framework.

The Drivers-Pressures-States-Impacts-Responses (DPSIR) is
another framework initially developed by the Organization of
Economic Cooperation and Development (OECD, 1993) and
then adopted by the European Environment Agency (EEA, 1995).
It has been widely used to analyze issues of sustainable
development and in Integrated Environmental Assessment,
especially in coastal zones (Gari et al., 2015) and the recent
UN World Ocean Assessment.* This framework has evolved
(Elliott et al., 2017) to eliminate confusion in terminology
(Patricio et al., 2016).

Adaptive management frameworks also need to be adapted to
the local situation. Different frameworks offer different
approaches and some omit aspects that others include.
Contributions from the frameworks were combined and used
in the Rongcheng case study. The SAF approach was applied in
this study to ensure full participation of appropriate stakeholders
from government, scientists and communities. Based on the SAF,
three main issues impeding the sustainable development of
Rongcheng City under the co-influences of climate change and
human activities were identified. Once the issues, corresponding
system and stakeholders were defined, an adapted DPSIR
framework (Elliott et al.,, 2017) was used to analyse each issue
and identify suitable measures as a response. Combining features
of the different frameworks, adapting them to the local issues and
situation has been successful in several different settings and for
different issues (Semeoshenkova et al., 2017; Berninsone et al.,
2018; Tseng et al., 2018; EI Mahrad et al., 2020; Abalansa et al.,
2020).

RESULTS
System Definition and Stakeholder Mapping

The social-ecological system defined in this study is the land area
of Rongcheng City and its adjacent sea area. Rongcheng City is
the most prominent county-level city of traditional aquaculture
and fisheries in China, which has a long history of integrated
multi-trophic aquaculture. With the development of marine
fishery and urbanization, coupled with extreme weather, such
as storm surges, the problems and contradictions of the
aquaculture environment, offshore ecosystem and folk culture
are most prominent in this social-ecological system.

For the stakeholder mapping, according to their chronological
order of participation in the research, the stakeholder candidates
were classified into two sets, Set One and Set Two (Table 2). Most
of the stakeholders in Set One have been involved in the entire
work from 2014 to 2019. The second set of stakeholders were
further chosen by the government to engage and implement
responses and measures, according the management plans of
different issues already identified. The result of the stakeholder
mapping is summarised in Table 2.

*https://www.worldoceanobservatory.org/content/un-world-ocean-assessment

Sustainable Development of Coastal Cities

Chudao Fishery Co., Ltd. of Rongcheng is a typical
representative of fishery companies and one of the main
stakeholders from the commercial sector. It is a
comprehensive company integrating seafood breeding, nursery,
freezing, processing, as well as tourism and sightseeing. The
company has cooperated with the Chinese Academy of
Sciences, the Chinese Academy of Fishery Sciences and
Universities. They are established as a science and education
experimental base for Ecological Farming and Marine Science.
The company is organized on the basis of a local administrative
village and also represents the local residents. With the dual
identity of local administrator and fishery company, as well as one
of the initiators of the research, the company played an important
role in the transdisciplinary, co-designed process throughout
this study.

Shandong Ocean Bureau (former Shandong Provincial
Department of Ocean and Fisheries) is a typical stakeholder
from provincial authority. It is responsible for formulating
plans for the development of marine industry, industrial
layout and efficient use of marine resources, drawing up and
organizing the implementation of plans for marine technology
development, the allocation and use of marine areas, island
protection and utilization management. It provided research
funding and promoted the implementation of several response
measures of this study.

The Peoples’ Government of Rongcheng Municipality is the
local government, responsible for organizing and managing
various administrative affairs in the administrative area of
Rongcheng. It adopts the consulting suggestions from
scientists on the sustainable development of Rongcheng, and
formulates and promulgates the corresponding planning and
management regulations. This science-policy link guaranteed
the implementation of the adaptive management plan.

Another stakeholder representing local authority is the
Rongcheng Station for Popularizing Fishery Technique, which
is a unit directly under the Rongcheng Ocean and Fishery Bureau.
It is responsible for promoting fishery technology and
development. In this study, it participated in scientific
research, especially in the fisheries planning and habitat
restoration.

Several important stakeholders representing the scientific
community come from Chinese Academy of Sciences, the
Ministry of Agriculture and Rural Affairs, universities and
provincial research institutions. In addition, Rongcheng
Fishery Association and China Foundation for Cultural
Heritage Conservation were identified as the NGOs in this
study, who provided important advice and response measures
in the transdisciplinary participatory process.

Issue Identification

A list of five locally contextualized issues, including (A)
Aquaculture pressures; (B) Loss of seagrass meadows; (C)
Shoreline erosion; (D) Reduction of fish stock; (E) Lack of job
opportunities were identified through the analysis of literature.
Based on the above, a questionnaire on the main issues of
Rongcheng’s sustainable development was designed. All the
stakeholders were engaged to rank the importance of the main
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TABLE 3 | Ranking and integrating of issues.

No. Issue

Aquaculture pressures
Loss of seagrass meadows
Shoreline erosion
Reduction of fish stock
Lack of job opportunities

m Mmoo w>

Poor governance and management of aquaculture
licenses and activities

G Degradation of cultural heritage and especially the traditional of
the seagrass thatched houses
H Unsustainable fishery practices

Results of Stakeholder analysis of issues

Rank Issue
1 Poorly regulated aquaculture
2 Loss of shoreline
3 The decline of seagrass and

decline of cultural heritage

issues listed in this questionnaire, add further issues and give their
feedback through emails, telephone and on-site meetings.

The statistical analysis of the responses to the questionnaires,
together with face-to-face interviews and meetings, ranked the
issues in order of importance, and the result was A-D-C-B-E.
Three other issues were raised by the stakeholders besides the five
initially identified. These were (F) poor governance and
management of aquaculture licenses and activities; (G)
degradation of cultural heritage and especially the traditional
of the seagrass thatched houses; (H) unsustainable fishery
practices. In view of the connection between the eight issues
and their prominence, these issues were integrated, summarized
and analyzed by the first sets of stakeholders. A, D, F and H were
combined as the most prominent aquaculture issue, C as the most
urgent shoreline issue, then B and G combined as the most
concerning issue about seagrass and seagrass houses. E was
considered as a negative effect resulting from some of these
issues. Finally, three issues urgently related to the sustainable
development of Rongcheng were focused on. They were 1) poorly
regulated aquaculture; 2) loss of shoreline; and 3) the decline of
seagrass and decline of cultural heritage (Table 3).

DPSIR Analysis for Sustainability of
Roncheng City

In this section, three main issues and their DPSIR analysis are
explained in detail and are summarized in Table 4. Some issues
share the same drivers and pressures, and the others require
similar responses. Moreover, the response to one issue can
produce a pressure on another issue or even introduce a new
issue (Berninsone et al., 2018). The response discussed below
indicates the possible measures based on the analysis of DPSI of
each issue.

DPSIR Analysis of Unregulated Aquaculture
Rongcheng was a traditional seaweed farming village. Due to its
unique geographical location, the coastal area of Rongcheng is

Sustainable Development of Coastal Cities

Means of identification Ranking Inter-related issues
Literature survey 1 1

4 3

3 2

2 1

5 3
Open answers from 1
Questionnaire

3

A+D+F+H
C
B+E+G

one of the best places to farm kelp (Saccharina japonica). More
than 80% of China’s total kelp production came from
Rongcheng in 2016, earning it the title of “home of kelp”. At
present, there are 260 kelp nursery and breeding enterprises,
with a breeding area of 40,000 hectare, an annual output of more
than 500,000 metric tons of kelp, and an output value of more
than 300 million USD (Rongcheng Fishery Technology
Extension Station, 2017). The other main cultured species are
the oyster Crassostrea gigas, the scallops Chlamys farreri and
Patinopecten yessoensis, and sea cucumber Apostichopus
japonicus. The production of oyster and scallop was 66,200
and 13,500 tyr ', respectively, in 2016 (Rongcheng Fishery
Technology Extension Station, 2017). All the species are
grown in suspended culture, by placing the kelp seedlings or
oyster seed on a rope or scallop in suspended cages (Gao et al,,
2020). In 2017, the area of sea cucumber cultivation exceeded
1,000 ha and the production accounted for 16% of the national
total production.’

The pressures from the development of aquaculture and
fisheries are the disordered structure and layout of
aquaculture, overstocking and the increasing wastewater
discharge. As a result, the state change of the ecosystem is
loss of biodiversity and bio-resources, and environmental
degradation. The dissolved nitrogen concentrations increased
significantly and the average nitrogen/phosphorus ratio
increased after 2010 approximately three to four times more
than the 2006 value due to rapid expansion of mariculture (Li
et al,, 2017). Consequently, the proportion of dinoflagellates in
phytoplankton increased from 4 to 9% between 2011 and 2014
and the pH also presented a potential declining trend since 2011
(Lietal., 2017). Both kelp and bivalve farming induced significant
spatiotemporal variations in the carbonate system within the
Sanggou bay (Li et al, 2021). Moreover, the abundance of
microplastics in the surface sediments was at high level with

*http://www.shuichan.cc/news_view-343617.html
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TABLE 4 | Results of DPSIR analysis: Issues-Drivers-Pressures-States-Impacts-Responses.

Issues Drivers Pressure States Impacts Responses
Unregulated ® Fisheries activities e Aquaculture layout ® |ncreased poliution by antibiotics, toxic @ Health risk to e Scientific research on
aquaculture metals, microplastics and others inhabitants pollutants
e Overfishing e Changes in nutrient conditions ® Lossofincomeand e Reasonable breeding
and decline in the quality of jobs layout
aquaculture and seafood ® Breeding standards and
norms
e Employment Guidance
e Healthy aquaculture
pattern
Loss of shoreline e Urbanization e Scientific research
® Fisheries Activities e Pollutant discharge e Shoreline change ® Production e Conservation measures
e Nature processes ® Shoreline change e Shoreline erosion reduction in ® Restoration projects
(storm surge, etc) aquaculture

e Urbanization
o Fisheries Activities

Decline of seagrass
and cultural heritage

® Space encroachment

e Lifestyle changes e Subjective wilingness
to protect folk culture

1,674 + 526 items/kg dry weight, of which approximately 57.7%
of the microplastics originated from the plastic mariculture
facilities (Sui et al., 2020).

The direct impact on human welfare is the loss of income due
to unregulated behavior by individual aquaculture farmers and
the subsequent decline of market price. Another impact is the
increasing risk to food safety due to environmental pollution
caused by the wastewater from aquaculture. The latter not only
poses a threat to the human health, but also results in a decrease
in the income for farmers because of cheaper price from decline in
quality. Therefore, it is necessary for all the stakeholders to co-
design an adaptive management plan.

The first urgent response to this issue is aquacultural planning,
which can strictly delimit non-aquaculture areas such as
ecological protection areas and aquaculture areas. It is
beneficial to protect coastal habitats and facilitate the
subsequent management and research of aquaculture.
Secondly, scientific monitoring and impact assessment of the
aquacultural environment are crucial to the better understanding
of the environmental and ecological quality of Rongcheng. Thus,
a sound management regulation system is vital to regulate the
random behaviors by individual aquaculture farmers. Finally, the
stakeholders will jointly probe healthy aquaculture patterns and
technologies, such as “Integrated Multi-Trophic Aquaculture
(IMTA)’and “Modern Marine Ranching,” explore its
characteristic industry chain, such as “Recreational fishery”
and “Aquatic products processing industry,” and ultimately
realize the sustainable development of aquaculture in
Rongcheng. The formulation and implementing of the
transdisciplinary, co-designed and adaptive management plan
will be explained in Transdisciplinary, Co-Designed and Adaptive
Management Plan.

Loss of seagrass meadows
Pollutant discharge e Damaged and abandoned

Loss of income

Loss of Ecosystem Scientific research

services e Conservation measures
traditional, thatched houses ® Loss of income, ® Restoration projects
jobs .

Planning, conservation and
marketing of cultural
value tourism

Loss of culture

DPSIR Analysis of Loss of Shoreline

Rongcheng city has a long, sandy, coastline with a total length of
62.6 km and mean beach width of 37.2 m (Li et al., 2013). Natural
hazards such as storm surge, large storm waves and sea level rise
are important natural drivers of loss of shoreline. The main
activities along the shoreline are thousands of aquaculture
ponds of different sizes, as well as the beach tourism that
attracts 11.5 million every year, supporting the City’s GDP by
8.6 billion RMB (Yearbook Compilation Committee of
Rongcheng, 2017).

The habitats are facing significant pressures due to shoreline
modification. Since 1988, artificial or modified shoreline by
dams or aquaculture activities now account for 39.44% of the
total shoreline in Weihai City, including Lidao Bay and Shidao
Bay of Rongcheng City (Sun et al., 2019). The change of state of
the coastline is its dramatic degradation by both natural hazards
and human activities resulting in sediment deficit. Coastal
erosion, caused by natural hazards and human activities,
such as sand excavation and coastal engineering, significantly
threatens the sandy beaches in Dongchudao Village of
Rongcheng City (e.g., Figure 2A). Beaches in Jingzi Bay and
Yulong Bay have disappeared completely, while the sand dunes
of Daxizhuang have retreated tens of meters in the last decades,
resulting from large area of pine forests collapsed into the sea (Li
et al., 2013).

This degraded coastline has impacts on human welfare.
Coastline erosion and suspended particles in the water column
increase turbidity, affecting primary production (such as kelp)
and other seafood resources in offshore breeding pond. This leads
to the loss of the income for local fishers with lower catch and
lower value of the catches. Moreover, conversion to artificial
shorelines decreases beach tourism in Rongcheng, decreasing
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FIGURE 2 | Shoreline recession before (A) and after (B) ecological restoration was undertaken in Dongchudao village, Rongcheng.

both the number of tourists and the income of the tourism
industry.

Thus, the main response to the loss of shoreline is to clarify the
reasons and mechanisms of shoreline loss, and to design and
conduct corresponding shoreline restoration projects. The
formulation and implementing of the transdisciplinary, co-
designed and adaptive management plan will be explained in
Transdisciplinary, Co-Designed and Adaptive Management Plan.

DPSIR Analysis for Decline of Seagrass and Cultural
Heritage

Another kind of well-known habitat in Rongcheng is seagrass
meadows, mainly of Zostera marina and Zostera japonica,
covering 553.84ha mostly in Swan Lagoon, Sanggou Bay,
Lidao Bay and Moye Bay of the City (Zheng et al, 2013; Li
et al., 2019). However, decades of aquaculture and urbanization
activities have encroached on seagrass meadows. The pressure on
seagrass meadows comes from the space encroachment caused by
expanding aquaculture and urbanization, and the environmental
pollution releasing from the aquaculture farms and onshore areas.
From 2000 to 2018, the marine aquaculture area in Rongcheng
expanded from 153 to 381 km?, an increase of 150%, and the
annual output of marine fisheries (including marine fishing)
increased by 31%; in the context of urbanization, the
proportion of agricultural population in Rongcheng City
dropped from 70% of 2000 to less than 44% of 2018.° These
pressures are changing the state and causing a decline of seagrass
and 90% of the seagrass habitats in Rongcheng have been lost in
the last 30 years (Zheng et al., 2013; Fu et al,, 2021). These blue
carbon habitats, with carbon burial rates of 121-976 gCm ™ yr~*
and sediment accretion rates of 11.6-40 mm, are acting as
efficient regional carbon sinks, as well as buffers of the rising
sea level (Fu et al., 2021). Following disturbance or conversion of
the seagrass meadows, a portion of the organic carbon preserved
in the top meter soils becomes exposed to oxic conditions, which
discharge approximately 0.72 Tg CO, into the atmosphere,
resulting in negative effects on climate change mitigation. The
seagrass habitats also provide significant additional ecosystem
services and benefits such as juvenile fish nurseries and pollution

°http://tjj.weihai.gov.cn/col/col12005/index.html

filtering. Moreover, the seagrass harvested in Rongcheng is a
culturally important heritage as a traditional thatching material of
the distinctive seagrass roof houses that are characteristic of
the city.

The decline of seagrass ecosystem services resulted in impacts
on human welfare. The limited supply of roof seagrass material
also affects the maintenance of traditional seagrass houses
threatening the distinct culture heritage of the city and the
tourism linked to it. Seagrass-thatched houses have great value
in historical, cultural and architectural aesthetics and research on
traditional lifestyles and crafts (Wang, 2011; Li et al., 2020). They
are crafted by skilled fishermen on the Jiaodong Peninsula and a
model of harmony between natural and artificial. However, the
decrease in the supply of seagrass has led to the decline of the
traditional seagrass market and the seagrass house construction
industry and the loss of seagrass house craftsmen. There has been
an increase in market prices of seagrass from a few cents to a few
USD per kilogram. The price of seagrass thatched roofs is almost
10 times more expensive than brick-tile, so the villagers cannot
afford to build or repair their seagrass houses (Ma et al., 2019).
More than 58% of the traditional villages of seagrass houses are
currently in a state a poor state and most of the existing seagrass
houses have shown varying degrees of damage and even their
gradual disappearance. This has led to a decline in the number of
seagrass houses (Wang S. G. et al,, 2017). In the 2006 census
survey, there were 95,000 seagrass houses in Rongcheng, but in
2016, there were less than 10,000 seagrass houses, a loss of 10,000
seagrass houses per year (Jin and Wang, 2016; Li et al., 2020). Of
course, the decline of traditional seagrass houses is not only
caused by the loss of seagrass habitat, but has also resulted from
changing concepts about housing and the processes of coastal
urbanization. Nevertheless, the decline of this kind of cultural
heritage is an unfortunate consequence.

The decline of seagrass meadows directly leads to the lack of
raw materials for seagrass houses. Therefore, the primary
response is to implement the restoration of seagrass meadows.
Meanwhile, strict management regulations are also needed to
prohibit the encroachment from aquaculture and urbanization.
Regarding the decline of traditional seagrass houses, responses
need to be initiated by the governors to develop and implement
conservative remediation plans, to seek remediation funds, and to
explore  sustainable cultural industry together  with
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FIGURE 3 | Transdisciplinary, co-designed, adaptive management plan.
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representatives from institutes or universities, industries,
associations, NGOs and local residents. The formulation and
implementing of the transdisciplinary, co-designed and adaptive
management plan will be explained in Transdisciplinary, Co-
Designed and Adaptive Management Plan.

Transdisciplinary, Co-Designed and
Adaptive Management Plan

Based on the DPSIR analysis of three main issues, a
transdisciplinary, co-designed and adaptive management plan
was proposed and submitted to the two levels of government,
both Rongcheng City and Dongchudao Village. Some of the
suggestions proposed by this study have been adopted and
implemented by the government.

Content of Management Plan

The first set of stakeholders discussed the three main issues about
the sustainable development in Rongcheng to reach a consensus
about potential responses to Table 4. They ranked the
management options, in terms of urgency, as follows: 1)
Reasonable breeding layout and standards; 2) Measures of
conservation and restoration for vulnerable habitats; 3)
Healthy aquaculture pattern; 4) Cultural conservation and
marketing; with 5) Scientific research necessary throughout.
They subsequently drafted a co-designed, adaptive
management plan (Figure 3) based on the analysis.

Three aspects were considered in the plan, Science, Policy and
Industry/Action. Research institutions and universities together
led the implementation of scientific research with inputs from the
community. They carried out literature reviews, field
investigation and sampling, to monitor and assess the

ecological and environmental state. They advised the policy
makers on how to implement specific measures, such as
upgrading the aquaculture industry upgrading and shoreline
resource restoration. The role of the government and
administration is spatial planning, regulation, management
and supervising the implementation of the response measures.
The spatial planning includes land and coastal zoning, breeding
areas and protected areas. Regulations include industry
regulations, regulations for the protection of the coastline and
seagrass meadows. They also include management and
restoration, for example of seagrass houses. Representative
enterprises/companies, research institutes/universities and
community cooperate and are responsible for actions to
implement the measures that are approved by the policy makers.

Implementation Progress

Aquaculture Planning: At present, based on but not limited to this
study, the “Tidal Flat Planning for Aquaculture Waters in Weihai
City (2018-2030) has been implemented, delimiting the tidal flat
space for the aquaculture area (http://www.weihai.gov.cn/art/
2020/2/25/art_51907_2277601.html)”. The traditional
aquaculture is shifting to green and sustainable aquaculture by
successively enacted policies on Green Development, reflecting
the great importance attached by the government at all levels to
the construction of national modern marine ranches and the
integrated multi-trophic aquaculture (IMTA) as the main
management response. In Sanggou Bay, the ecosystem
production was much more than the circulation of matter and
flow of energy and the social benefits are higher than the private
benefits after the application of IMTA, which is a promising way
to minimize the disturbance of aquaculture to protect the
ecosystem and improve economic benefits for stakeholders (Yu
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etal,, 2017; Sun et al,, 2020). The aquaculture is going through an
evolution from an extensive, traditional aquaculture to the
intensive, 3D farming method. Authorities
Rongcheng have been touting “China’s first 5G fish farm,”
equipped with real-time camera technology provided by
Huawei helping assist with feed management (Godfrey,
2019). Research institutions such as the Institute of
Oceanology, Chinese Academy of Sciences, universities such
as the Ocean University of China and aquaculture associations
have provided scientific guidance to aquaculture producers and
enterprises in areas such as stocking density, choice of which
species to raise, and the most economic breeding method to
follow (Wang et al,, 2020). Aquaculture enterprises such as
Shandong Homey Aquatic Development Co. Ltd. have
promoted new aquaculture technology and trained local
farmers in Rongcheng for sea cucumber breeding. As a
result, the company has become one of the 10 biggest
aquaculture companies in China, and Rongcheng has become
the “National Sea Cucumber Breeding Standardization
Demonstration Zone”.

Shoreline Restoration: The local and provincial governments
have set up a series of stipulations and projects to protect and
restore coastal habitats. In 2017, the city issued the local coastal
ecological protection regulations, prohibiting coastal land
reclamation and sand extraction in the coastal zone (http://
www.rongcheng.gov.cn/art/2017/7/31/art_40961_1107178.
html). Collaboration between research institutions, local
governments and relevant enterprises has been initiated, and
some engineering and ecological restoration projects have been
conducted to protect the shoreline from further retreating
(Figure 2B). The height of the revetment in the project was
designed based on the maximum wave runup under the extreme
climate conditions such as typhoons and storm surges. In 2019,
the completed revetment successfully withstood the damage of
Typhoon Lekima and prevented the erosion of the shoreline.

Seagrass Meadows and Seagrass Houses Conservation: Research
institutions, local governments and relevant enterprises have
jointly launched the ecosystem reconstruction project to
implement the restoration and conservation measures, such as
the seagrass seeds and seedling cultivation, and adult seedling
transplantation in Swan Lake and Sanggou Bay of Rongcheng
(Http://www.ysfri.ac.cn/info/1756/35894.htm). While restoring
the seagrass bed habitat, it also improved the aquaculture
ecological environment and developed an ecological farming
pattern’ (Yang, et al, 2016; CAS STPDP, 2018). For the
seagrass houses, the local government promoted the “Trial
Measures for the Protection of Seagrass Houses in Rongcheng
City” as early as 2006 (Ma, 2018) and set up tourist resorts and the
village memory museums themed as seagrass houses. The
Provincial Cultural Relics Bureau and the National Cultural
Relics Bureau have successively funded and implemented two

current in

"The ecological farming pattern is a new model to achieve the goal of protection
and sustainable utilization. In the text here it refers to the coastal ecological farms
and ranches, which are designed and constructed based on ecological principles
and modern engineering technologies (Yang, 2017).
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phases of seagrass house restoration projects in the Dongchudao
Village. These measures will contribute to the restoration of
seagrass habitats and the protection of cultural heritage. Further
research and practice of adaptive policies are vitally necessary to
maintain the habitats and ecosystem services of seagrass meadows.

DISCUSSION
Stakeholder Engagement

In this study, transdisciplinary, stakeholder engagement ensured
effective communications between administration, enterprise and
scientists. The first set of stakeholders were invited or recruited by
the initiator of this project, YIC-CAS, together with the Chudao
Fishery Co., Ltd. of Rongcheng, and subsequently enlarged to
include other relevant enterprises, scientific research institutes,
local governments and industrial administrators. These
stakeholders participated in the co-design of the adaptive
management plan. The categories of stakeholders in this study
were devised prior according to the typology of inputters,
extractor, beneficiaries, affectees, influencers, and regulators
(Newton and Elliott, 2016). Nevertheless, in retrospect, all
these types are included. However, there is always a room for
improvement, for the better engagement in transdisciplinary,
participatory processes. For example, more face-to-face
meetings and online forums should be consciously organized,
and further stakeholders should be identified to ensure a
balanced, equitable outcome.

As a result of the active stakeholder engagement, many
successful measures or actions have been implemented as an
outcome of this study. These include the restoration of the
shoreline, the conservation of seagrass meadows and seagrass
houses. This may be ascribed to the nested governance at all levels
in China, from local to National and the strategic consulting role
of scientists. This helps to advise decisions makers and informs
industry. There is a deep trust of science that fosters strong links
and cooperation among science, policy-makers and industry.

DPSIR Analysis for the Three Issues

The three issues were analyzed separately using the DPSIR
framework (Table 4). However, they are not separate, as there
are multiple interactions that became apparent in the issue
definition process. The main driver of one issue may
exacerbate the emergence of other issues, which in turn may
produce the same pressure and impact. In this study, the
development of aquaculture as the pillar industry of
Rongcheng City is the dominant driving force for unregulated
aquaculture. At the same time, the natural shoreline could be
destroyed by the development of aquaculture ponds, and coastal
seagrass habitats and traditional village are occupied, resulting in
the other two issues. Furthermore, these issues share the same
pressure and impact, such as waste water discharge and loss of
income.

Some responses are appropriate for several issues, yet sometimes
the response to one issue may have pressure or impact on another
issue. Usually, scientific research is required for all issues. Strict
aquaculture planning is also positive for aquaculture health and the
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protection of natural shoreline and seagrass meadows. However,
shoreline or seagrass restoration projects will affect the aquaculture
environment and fishery production.

Given the complexity above, the similarities and differences of
DPSIR for the three issues were analyzed in detail by all the
stakeholders involved in this study, opinions and suggestions
from each group of the stakeholders were fully considered, and
the priority of potential response (measures) were discussed
together. These were vital to the formulation of the co-
designed adaptive management plan.

The Adaptive Management Plan

As a model and epitome of coastal cities in China, Rongcheng city
is being significantly affected by global climate change and human
activities. An adaptive management plan is urgent to reduce the
vulnerability and to support the sustainable development of
Rongcheng city.

The transdisciplinary and adaptive management plan based
on the integrative responses obtained from the DPSIR analysis
has been co-designed by the scientists, representatives from the
industrial association, and decision makers from the local
government. The proposed responses are supposed to address
the issues arising from human, natural and cultural factors on the
whole. The delineation of aquaculture and protection zones could
not only protect many habitats such as natural shorelines and
seagrass meadows, but also regulate aquaculture behavior. The
upgrading of the aquaculture industry and the development of
cultural tourism could improve the breeding environment,
increase the income of residents, as well as protect folk
culture. The plan aims to address the local issues concerning
sustainable development, providing an appropriate approach for
the management of social-ecological systems of Rongcheng. The
plan resulted from a two-phase learning process: 1) local
managers and other stakeholders were engaged; 2) the
practical ~actions were implemented, the management
effectiveness were monitored, and the feedback knowledge
were achieved. The plan framework is trans-disciplinary and
co-designed. In an academic sense, it integrates the
professional guidance of scientists from multiple disciplines
such as biology, physics, and geology. Above all, it is
transdisciplinary, with actors from research, government, local
communities and industry entities. All the results of the analysis
are not directly translatable into the plan but do make a
contribution that is used by the local regulators in their plans
and regulations, for example, Tidal Flat Planning for Aquaculture
Waters in Weihai City (2018-2030), Coastal Zone Ecological
Protection Regulations in Rongcheng City.

As the main management response, the construction of modern
marine ranches is one of the most important measures for the
upgrading of aquaculture and fishery industries in Rongcheng City.
The adaptive management plan should have an effect through the
“full chain design” at three different levels: Stakeholder
cooperation; capacity building and appropriate governance. It is
fundamental that the stakeholders were engaged to overcome the
challenges in coastal environmental monitoring, remediation, and
seagrass habitat restoration. The first priority is to agree on and co-
develop the theoretical and engineering technology frameworks of

Sustainable Development of Coastal Cities

coastal protection and sustainable utilization. Capacity building is
the next priority. Biologists working together with experienced
workers from fisheries and aquacultures are urgently needed to co-
develop selective breeding, resource conservation and processing of
high output, value-added products. Finally, the science-policy-
industry nexus should inform policy makers from national,
provincial and local government. Together they will provide the
knowledge basis to draft and enact policies and regulations that
provide ecological environmental protection and remediation.
These joint responses and measures will prevent shoreline
erosion and coastal degradation, support seafood provision,
revitalize traditional cultural heritage and stimulate the tourism
economy. The integration of government, industry, scientific
community and the public citizens will implement the
transdisciplinary, co-designed and adaptive management plan
for the sustainable development of Rongcheng city, in the
context of climate change and human activities.

CONCLUSION AND FUTURE PROSPECTS

In this study, clear scientific questions were proposed, which were
the three main issues regarding the sustainable development of
Rongcheng city from the SAF analysis. Moreover, scientific
methods and models were used, namely SAF procedure,
DPSIR framework, and trans-disciplinary participation models
from community, researchers, government and other
stakeholders. Above all, detailed findings led to practical
actions. The adaptive management plan was developed and
some of the recommendations were adopted and enacted by
the local government.

The frameworks of SAF and DPSIR complement each other
and if used together can provide a better understanding of the
social-ecological systems especially in coastal zone. This case
study is a significant experiment to analyze the typical social-
ecological systems in China, including stakeholder mapping
(two groups), stakeholder participation, issues identification,
DSPIR analysis, the formulating of the management plan, and
the implementation of some responses (measures). Prior to
the study, knowledge was fragmented by economic sector,
sub-regions of Rongcheng, administrative departments and
scientific expertise (environmental/social). The
transdisciplinary approach resulted in more integrated
knowledge of the issues and their interrelations. This
knowledge synthesis contributed to a plan to solve these
problems. The United Nations is currently initiating “The
Decade of Ocean Science for Sustainable Development
(2021-2030),” which aims at providing a common
framework to ensure that ocean science can fully support
marine nations to sustainably manage their Oceans.
Stakeholders engaged in the study focused on the United
Nations Sustainable Development Goals (SDG), especially in
SDG 89, SDG 12.8, SDGI3 and SDGI4, for sustainable
economic growth, full employment opportunities, and conserve
and sustainably use of the coastal resources. In this context, the
“Our Coastal Futures” strategy of Future Earth Coasts (FEC)
promotes action towards the sustainable development of coasts
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and is initiating a “Global Coastal Assessment” project. Chinese
coastal cities are vulnerable in the context of climate change and
intensified high-intensity human activities. The case study of
Rongcheng is an ideal demonstration study site and a
comprehensive paradigm for the global coastal assessment, which
may contribute to the achievement of the 2030 UN Sustainable
Development Goals at a local level. If successful, it can be scaled up to
the provincial level (Shandong) and national level (PR China).

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the
article further inquiries can be directed to the corresponding author.

AUTHOR CONTRIBUTIONS

CT, HM, Z-JY, AN, and YoL designed the case study and
analyzed the data. CT, HM, YuL, CF, and YoL wrote the
manuscript. Z-JY, AN, and YoL provided invaluable scientific

REFERENCES

Abalansa, S., El Mahrad, B., Vondolia, G. K., Icely, J., and Newton, A. (2020). The
Marine Plastic Litter Issue: A Social-Economic Analysis. Sustainability 12 (20),
8677. doi:10.3390/su12208677

Baltranaité, E., Povilanskas, R., Ducinskas, K., Ernsteins, R, and Tonisson, H.
(2020). Systems Approach to Eastern Baltic Coastal Zone Management. Water
12 (11), 3102. doi:10.3390/w12113102

Berninsone, L. G., Newton, A, and Icely, J. (2018). A Co-designed,
Transdisciplinary Adaptive Management Framework for Artisanal Fisheries
of Pehuen Co and Monte Hermoso (Argentina). Ocean Coast. Manage. 152,
37-47. doi:10.1016/j.0ocecoaman.2017.11.002

Binder, C. R, Hinkel, J., Bots, P. W. G., and Pahl-Wostl, C. (2013). Comparison of
Frameworks for Analyzing Social-Ecological Systems. Ecol. Soc. 18 (04), 26.
doi:10.5751/es-05551-180426

CAS Science and Technology Promotion and Development Prize (CAS STPDP)
(2018). Innovation and Integration of Modern Marine Ranching Construction
Technology. Bull. Chin. Acad. Sci. 33 (06), 112-113.

Chiang, Y.-C,, Tsai, F.-F,, Chang, H.-P., Chen, C.-F., and Huang, Y.-C. (2014).
Adaptive Society in a Changing Environment: Insight into the Social Resilience
of a Rural Region of Taiwan. Land Use Policy 36, 510-521. doi:10.1016/j.
landusepol.2013.09.026

de Alencar, N. M. P., Le Tissier, M., Paterson, S. K., and Newton, A. (2020). Circles
of Coastal Sustainability: A Framework for Coastal Management. Sustainability
12 (12), 4886. doi:10.3390/sul2124886

EEA. (1995). Europe’s Environment: The Dobris Assessment. Copenhagen:
European Environmental Agency, 8.

El Mahrad, B., Abalansa, S., Newton, A., Icely, J. D., Snoussi, M., and Kacimi, I.
(2020). Social-Environmental Analysis for the Management of Coastal
Lagoons in North Africa. Front. Environ. Sci. 8. doi:10.3389/fenvs.2020.
00037

Elliott, M., Burdon, D., Atkins, J. P., Borja, A., Cormier, R., de Jonge, V. N., et al.
(2017). "And DPSIR Begat DAPSI(W)R(M)!" - A Unifying Framework for
marine Environmental Management. Mar. Pollut. Bull. 118 (1-2), 27-40. doi:10.
1016/j.marpolbul.2017.03.049

Frohlich, M. F., Smith, T. F., Jacobson, C., Fidelman, P., Carter, R. W., and Baldwin,
C. (2019). Towards Adaptive Coastal Management: Lessons from a "Legal
Storm" in Byron Shire, Australia. Ocean Coast. Manage. 179, 104909. doi:10.
1016/j.0cecoaman.2019.104909

Sustainable Development of Coastal Cities

comments and language editing. All authors read and approved
the final version of the manuscript.

FUNDING

The study was supported by the funds from the Key Research
Program of Frontier Sciences, CAS, China (No. QYZDJ-SSW-
DQCO015), Shandong Ocean Bureau, and the CAS President’s
International Fellowship Initiative (PIFI).

ACKNOWLEDGMENTS

The authors would appreciate the contributions from Mr.
Yongqing Li from Ludong University, as well as Mr. Junwei
Wang and Mr. Yitao Zhang from the Dongchudao village,
Rongcheng city during this study. Further acknowledgements
are made to Future Earth Coasts, IMBeR and the Future Earth
Ocean KAN. AN gratefully acknowledges the professorship from
the CAS.

Fu, C, Li, Y., Zeng, L., Zhang, H., Tu, C., Zhou, Q,, et al. (2021). Stocks and Losses
of Soil Organic Carbon from Chinese Vegetated Coastal Habitats. Glob. Change
Biol. 27, 202-214. doi:10.1111/gcb.15348

Future Earth Coasts (2018a). A Strategy for the Sustainable Development of the
World’s Coasts. Our Coastal Futures Series No. 1. MaREI, Cork, 1-8. Available
at: https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/
uploads/2018/10/15154725/Coastal-Futures-Pub_F4.pdf.

Future Earth Coasts (2018b). Strategy for Research, Future Earth Coasts (2018-2028).
Our Coastal Futures Series No. 2. MaREI, Cork, 1-16. Available at: https://s3-eu-
west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/07/23112042/
FEC-Research-Strategy.pdf.

Gao, Y., Fang, ], Lin, F., Li, F,, Li, W., Wang, X,, et al. (2020). Simulation of Oyster
Ecological Carrying Capacity in Sanggou Bay in the Ecosystem Context.
Aquacult. Int. 28, 2059-2079. doi:10.1007/s10499-020-00576-3

Gari, S. R, Newton, A, and Icely, J. D. (2015). A Review of the Application and
Evolution of the DPSIR Framework with an Emphasis on Coastal Social-Ecological
Systems. Ocean Coast. Manage. 103, 63-77. doi:10.1016/j.ocecoaman.2014.11.013

Godfrey, M. (2019). Huawei Bringing 5G Network to China’s Offshore Aquaculture
Sector. Available at: https://www.seafoodsource.com/news/aquaculture/huawei-
bringing-5g-network-to-china-s-offshore-aquaculture-sector.

IPCC (2021). “Summary for Policymakers,” in Climate Change 2021: The Physical
Science Basis. Editors V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors,
C. Péan, S. Berger, et al. (Cambridge, United Kingdom: Cambridge University
Press). Available at: https://www.ipcc.ch/report/ar6/wgl/downloads/report/
IPCC_AR6_WGI_Full_Report.pdf.

Jin, J. B, and Wang, X. H. (2016). The Reasearch on the Characteristics Local - Style
Dwelling Houses in Coastal Areas of Jiaodong. Fujian Architecture &
Construction 212 (02), 16-20. in Chinese

Li, G. X,, Gong, L. X, Yang, J. C, Ding, D., Li, B,, Cao, L. H., et al. (2013). Beach
Erosion along the Coast of Shandong Province and Protection
Countermeasures. Mar. Geology. Quat. Geology. 233 (5), 35-46. doi:10.3724/
sp.j.1140.2013.05035 in Chinese

Li, H. C,, Zhang, P. D, Li, W. T,, Yang, X. L., Hu, C. Y., and Li, C. J. (2019).
Quantitative Distribution and Ecological Characteristics of Seagrass Beds
in the Coastal Area of Moye Island, Yellow Sea. Mar. Sci. 43, 46-51. in
Chinese

Li, H,, Li, X,, Li, Q., Liu, Y., Song, J., and Zhang, Y. (2017). Environmental
Response to Long-Term Mariculture Activities in the Weihai Coastal Area,
China. Sci. Total Environ. 601-602, 22-31. doi:10.1016/j.scitotenv.2017.
05.167

Frontiers in Environmental Science | www.frontiersin.org

April 2022 | Volume 10 | Article 670397


https://doi.org/10.3390/su12208677
https://doi.org/10.3390/w12113102
https://doi.org/10.1016/j.ocecoaman.2017.11.002
https://doi.org/10.5751/es-05551-180426
https://doi.org/10.1016/j.landusepol.2013.09.026
https://doi.org/10.1016/j.landusepol.2013.09.026
https://doi.org/10.3390/su12124886
https://doi.org/10.3389/fenvs.2020.00037
https://doi.org/10.3389/fenvs.2020.00037
https://doi.org/10.1016/j.marpolbul.2017.03.049
https://doi.org/10.1016/j.marpolbul.2017.03.049
https://doi.org/10.1016/j.ocecoaman.2019.104909
https://doi.org/10.1016/j.ocecoaman.2019.104909
https://doi.org/10.1111/gcb.15348
https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/10/15154725/Coastal-Futures-Pub_F4.pdf
https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/10/15154725/Coastal-Futures-Pub_F4.pdf
https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/07/23112042/FEC-Research-Strategy.pdf
https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/07/23112042/FEC-Research-Strategy.pdf
https://s3-eu-west-2.amazonaws.com/futureearthcoasts/wp-content/uploads/2018/07/23112042/FEC-Research-Strategy.pdf
https://doi.org/10.1007/s10499-020-00576-3
https://doi.org/10.1016/j.ocecoaman.2014.11.013
https://www.seafoodsource.com/news/aquaculture/huawei-bringing-5g-network-to-china-s-offshore-aquaculture-sector
https://www.seafoodsource.com/news/aquaculture/huawei-bringing-5g-network-to-china-s-offshore-aquaculture-sector
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Full_Report.pdf
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Full_Report.pdf
https://doi.org/10.3724/sp.j.1140.2013.05035
https://doi.org/10.3724/sp.j.1140.2013.05035
https://doi.org/10.1016/j.scitotenv.2017.05.167
https://doi.org/10.1016/j.scitotenv.2017.05.167
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Tu et al.

Li, J., Zhang, W., Ding, J., Xue, S., Huo, E., Ma, Z,, et al. (2021). Effect of Large-Scale
Kelp and Bivalve Farming on Seawater Carbonate System Variations in the
Semi-enclosed Sanggou Bay. Sci. Total Environ. 753, 142065. doi:10.1016/j.
scitotenv.2020.142065

Li, T., Wu, J., Teng, D., and Li, P. (2020). Ecological Characteristics, Protection and
Renewal of Seaweed Houses as Special Residences in Jiaodong Peninsula. J.
Tianjin Chengjian Univ. 26 (1), 1-6. in Chinese

Ma, D. (2018). Research on Spatial Reconstruction of Traditional Villages in
Rongcheng City from the Perspective of Social Space. Master’s thesis. Jinan
(China): Shandong Jianzhu University. in Chinese

Ma, J. J., Gao, Y. S, and Lv, X. T. (2019). Protection and Utilization Strategy of
Traditional Villages in Seaweed Houses in Jiaodong Coastal Area. J. Shandong
Jianzhu Univ. 34 (3), 29-37. in Chinese

Major, D. C,, Lehmann, M., and Fitton, J. (2018). Linking the Management of
Climate Change Adaptation in Small Coastal Towns and Cities to the
Sustainable Development Goals. Ocean Coast. Manage. 163, 205-208.
doi:10.1016/j.0cecoaman.2018.06.010

Mansur, A. V., Brondizio, E. S., Roy, S., de Miranda Aratjo Soares, P. P., and
Newton, A. (2018). Adapting to Urban Challenges in the Amazon: Flood Risk
and Infrastructure Deficiencies in Belém, Brazil. Reg. Environ. Change 18 (5),
1411-1426. doi:10.1007/s10113-017-1269-3

Mea, M., Newton, A., Uyarra, M. C,, Alonso, C., and Borja, A. (2016). From Science
to Policy and Society: Enhancing the Effectiveness of Communication. Front.
Mar. Sci. 3. doi:10.3389/fmars.2016.00168

Newton, A. (2012). A Systems Approach for Sustainable Development in Coastal
Zones. Ecol. Soc. 17 (3), 41. doi:10.5751/ES-04711-170341

Newton, A., and Elliott, M. (2016). A Typology of Stakeholders and Guidelines for
Engagement in Transdisciplinary, Participatory Processes. Front. Mar. Sci. 3.
doi:10.3389/fmars.2016.00230

Newton, A., Harff, J., You, Z.-]., Zhang, H., and Wolanski, E. (2016). Sustainability
of Future Coasts and Estuaries: A Synthesis. Estuarine, Coastal Shelf Sci. 183,
271-274. doi:10.1016/j.ecss.2016.11.017

Ni, G. J., Wen, Y., Yan, J. L, and Zhai, L. (2017). The Path of Coastal County
Marine Fisheries Development in China: Empirical Study Based on Rongcheng.
Chin. Fish. Econ. 35 (3), 72-77. in Chinese

OECD. (1993). OECD Core Set of Indicators for Environmental Performance
Reviews. Paris: Organization for Economic Cooperation and Development.

Oppenheimer, M., Glavovic, B. C., Hinkel, J., van de Wal, R., Magnan, A. K., Abd-
Elgawad, A., et al. (2019). “Sea Level Rise and Implications for Low Lying
Islands, Coasts and Communities,” in IPCC Special Report on the Ocean and
Cryosphere in a Changing Climate. Editors H.-O. Portner, D. C. Roberts,
V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, et al. in press

Patricio, J.,, Elliott, M., Mazik, K, Papadopoulou, K.-N., Smith, C. J., and Smith, C. J.
(2016). DPSIR-Two Decades of Trying to Develop a Unifying Framework for Marine
Environmental Management? Front. Mar. Sci. 3, 177. doi:10.3389/fmars.2016.00177

Rongcheng Fishery Technology Extension Station (2017). Marine Fishery Statistics
Data. in Chinese

Semeoshenkova, V., Newton, A., Rojas, M., Piccolo, M. C., Bustos, M. L.,
Huamantinco Cisneros, M. A, et al. (2017). A Combined DPSIR and SAF
Approach for the Adaptive Management of beach Erosion in Monte Hermoso
and Pehuen Co (Argentina). Ocean Coast. Manage. 143, 63-73. doi:10.1016/j.
ocecoaman.2016.04.015

Shao, Y. P., Guo, Z. Y., and Bai, S.J. (2019). Evaluation of Resources and Environment
Carrying Capacity and Optimization of Spatial Layout Based on GIS—Setting
Rongcheng City as an Example. Shandong Land Resour. 35 (1), 57-61. in Chinese

Sorensen, C., Knudsen, P., Sorensen, P., Damgaard, T., Molgaard, M. R,, and Jensen, J.
(2018). Rethinking Coastal Community Approaches to Climate Change Impacts
and Adaptation. J. Coastal Res. 85, 1521-1525. doi:10.2112/si85-305.1

Stephenson, J., Newman, K., and Mayhew, S. (2010). Population Dynamics and
Climate Change: What Are the Links? J. Public Health 32, 150-156. doi:10.
1093/pubmed/fdq038

Sui, Q., Zhang, L., Xia, B., Chen, B., Sun, X, Zhu, L, et al. (2020). Spatiotemporal
Distribution, Source Identification and Inventory of Microplastics in Surface
Sediments from Sanggou Bay, China. Sci. Total Environ. 723, 138064. doi:10.
1016/j.scitotenv.2020.138064

Sustainable Development of Coastal Cities

Sun, L-Q, Liu, H, Gao, Y.-P,, Jiang, Z.-J,, Lin, F,, Chang, L.-R,, et al. (2020). Food Web
Structure and Ecosystem Attributes of Integrated Multi-Trophic Aquaculture Waters
in Sanggou Bay. Aquaculture Rep. 16, 100279. doi:10.1016/j.aqrep.2020.100279

Sun, X. L, Wu, M. Q,, Tian, J. H,, Lu, J. Q., Yu, H,, Song, F. L., et al. (2019). Driving
Forces and Spatio-Temporal Variation of Weihai Coastline in Recent 30 Years.
J. Appl. Oceanography 38 (2), 206-213. in Chinese

Tseng, H.-C., Newton, A., Arthur Chen, C.-T., Borges, A. V., and DelValls, T. A.
(2018). Social-Environmental Analysis of Methane in the South China Sea and
Bordering Countries. Anthropocene Coasts 1, 62-88. doi:10.1139/anc-2017-0007

Wang, F,, Xu, S., Zhou, Y., Wang, P., and Zhang, X. (2017). Trace Element Exposure of
Whooper Swans (Cygnus cygnus) Wintering in a Marine Lagoon (Swan Lake),
Northern China. Mar. Pollut. Bull. 119, 60-67. doi:10.1016/j.marpolbul.2017.03.063

Wang, M. (2011). Survey Report of Landscape Form of Seaweed House in Shandong.
in Chinese: Hubei University of Technology.

Wang, N,, Zhang, L. Q., Yuan, L., and Cao, H. B. (2012). Research into Vulnerability
Assessment for Coastal Zones in the Context of Climate Change. Acta Ecol. Sin. 32
(7), 2248-2258. in Chinese. doi:10.5846/stxb201109291437

Wang, P., Ji, J., and Zhang, Y. (2020). Aquaculture Extension System in China:
Development, Challenges, and Prospects. Aquaculture Rep. 17, 100339. doi:10.
1016/j.aqrep.2020.100339

Wang, S. G, Song, F., Gao, Y. S., and Xu, X. L. (2017). Study on Vitality of the Sea
Straw House Traditional Villages Based on Delphi Method: A Case Study of the
Sea Straw House Traditional Villages in Lidao Town. J. Shandong Jianzhu Univ.
32 (06), 551-559. in Chinese

Yang, C.-J., Liu, Y.-S, Liu, J., Xu, Q., Li, W.-T., and Zhang, P.-D. (2016).
Assessment of the Establishment Success of Zostera marina (Eelgrass) from
Seeds in Natural Waters: Implications for Large-Scale Restoration. Ecol. Eng. 92,
1-9. doi:10.1016/j.ecoleng.2016.03.039

Yang, H. S. (2017). Conception and Approach on New Model of Ecological Farm
and Ranch Constructions in Coastal Zone—A Case of the Yellow River Delta,
China. Bull. Chin. Acad. Sci. 32 (10), 1111-1117. in Chinese

Yearbook Compilation Committee of Rongcheng (2017). Rongcheng Yearbook.
Beijing, China: China Local Records Press. in Chinese

You, Z.-J. (2019). Tropical Cyclone-Induced Hazards Caused by Storm Surges and
Large Waves on the Coast of China. Geosciences 9 (3), 131. doi:10.3390/
geosciences9030131

Yu, L. Q.J., My, Y., Zhao, Z., Lam, V. W. Y., and Sumaila, U. R. (2017). Economic
Challenges to the Generalization of Integrated Multi-Trophic Aquaculture: An
Empirical Comparative Study on Kelp Monoculture and Kelp-Mollusk
Polyculture in Weihai, China. Aquaculture 471, 130-139. doi:10.1016/j.
aquaculture.2017.01.015

Zheng, F. Y., Qiu, G. L,, Fan, H. Q., and Zhang, W. (2013). Diversity, Distribution
and Conservation of Chinese Seagrass Species. Biodiversity Sci. 21, 517-526. in
Chinese

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor declared a shared membership of a scientific network with
several of the authors CT, AN, and YL at time of review. The reviewer SP declared a
past co-authorship with one of the authors AN to the handling Editor.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tu, Ma, Li, Fu, You, Newton and Luo. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Environmental Science | www.frontiersin.org

April 2022 | Volume 10 | Article 670397


https://doi.org/10.1016/j.scitotenv.2020.142065
https://doi.org/10.1016/j.scitotenv.2020.142065
https://doi.org/10.1016/j.ocecoaman.2018.06.010
https://doi.org/10.1007/s10113-017-1269-3
https://doi.org/10.3389/fmars.2016.00168
https://doi.org/10.5751/ES-04711-170341
https://doi.org/10.3389/fmars.2016.00230
https://doi.org/10.1016/j.ecss.2016.11.017
https://doi.org/10.3389/fmars.2016.00177
https://doi.org/10.1016/j.ocecoaman.2016.04.015
https://doi.org/10.1016/j.ocecoaman.2016.04.015
https://doi.org/10.2112/si85-305.1
https://doi.org/10.1093/pubmed/fdq038
https://doi.org/10.1093/pubmed/fdq038
https://doi.org/10.1016/j.scitotenv.2020.138064
https://doi.org/10.1016/j.scitotenv.2020.138064
https://doi.org/10.1016/j.aqrep.2020.100279
https://doi.org/10.1139/anc-2017-0007
https://doi.org/10.1016/j.marpolbul.2017.03.063
https://doi.org/10.5846/stxb201109291437
https://doi.org/10.1016/j.aqrep.2020.100339
https://doi.org/10.1016/j.aqrep.2020.100339
https://doi.org/10.1016/j.ecoleng.2016.03.039
https://doi.org/10.3390/geosciences9030131
https://doi.org/10.3390/geosciences9030131
https://doi.org/10.1016/j.aquaculture.2017.01.015
https://doi.org/10.1016/j.aquaculture.2017.01.015
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

	Transdisciplinary, Co-Designed and Adaptive Management for the Sustainable Development of Rongcheng, a Coastal City in Chin ...
	Introduction
	Materials and Methods
	Study Area
	Data Sources
	Participatory Process
	Adaptive Management Frameworks

	Results
	System Definition and Stakeholder Mapping
	Issue Identification
	DPSIR Analysis for Sustainability of Roncheng City
	DPSIR Analysis of Unregulated Aquaculture
	DPSIR Analysis of Loss of Shoreline
	DPSIR Analysis for Decline of Seagrass and Cultural Heritage

	Transdisciplinary, Co-Designed and Adaptive Management Plan
	Content of Management Plan
	Implementation Progress


	Discussion
	Stakeholder Engagement
	DPSIR Analysis for the Three Issues
	The Adaptive Management Plan

	Conclusion and Future Prospects
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


