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Preface

Against the backdrop of global climate change, the risk of marine disasters
such as storm surges, waves, and coastal erosion are intensifying, thus
posing severe threats to human security and hindering the sustainable
development of marine economy. At the third meeting in 2018 of the Central
Financial and Economic Affairs Commission, General Secretary Xi Jinping
emphasized the need to “implement coastal zone protection and restoration
projects, build ecological seawalls, and enhance the capacity to withstand
marine disasters such as typhoons and storm surges.” In response to the
directives of the CPC Central Committee, the Ministry of Natural Resources
has steadfastly deployed a series of protection and restoration projects in
coastal areas, fully leveraging the natural wave attenuation functions of
mangroves, coastal salt marshes, sandy shores, seagrass beds, and oyster
reefs, in coastal erosion reduction and shoreline stabilization. These efforts
aim to build a more resilient and safer coastal zone. The practices of coastal
protection and restoration not only inherit the traditional Chinese ecological
wisdom of “following the laws of nature,” but also closely align with the
International Union for Conservation of Nature (IUCN)’s globally promoted
concept of Nature-based Solutions (NbS), thereby achieving synergies
between ecological conservation and disaster risk reduction.

In 2023, the Ministry of Natural Resources of China (MNR) and the
International Union for Conservation of Nature (IUCN) jointly released the
first batch of International Applications of Ecosystem-based Disaster Risk
Reduction in Coastal Area (published in both Chinese and English) at the
World Coastal Forum, providing valuable practical references for coastal
regions seeking to balance ecological protection, safety, and economic
development. In 2024 at the East Asian Seas Congress Ministerial Forum,
the Xiamen Declaration adopted the practical experience of Eco-DRR
synergies into regional coordinated action. In the same year, twelve Chinese
cities, including Xiamen, jointly launched an initiative advocating for the in-
depth study and application of Xi Jinping’s thought on Ecological
Civilization through the “Xiamen Practice,” promoting Nature-based



Solutions, adopting context-specific and category-based measures, and
exploring optimal pathways for ecological conservation and restoration.

To deepen international exchange and mutual learning, the MNR and [UCN
once again in 2025 collaborated to select nine exemplary cases of coastal
Eco-DRR and their synergistic benefits. These cases encompass ecosystem
restoration initiatives involving mangroves, coastal salt marshes, and sandy
shores, as well as ecologically enhanced seawalls. They also explore
innovative mechanisms such as mobilization of private capital, fostering
community engagement, and advancing carbon sink accounting and trading.
Collectively, these initiatives have effectively delivered multiple benefits as
well as co-benefits, including the prevention and mitigation of disasters,
enhancement of ecosystem functions, climate change adaptation and
mitigation, and socio-economic development.

By disseminating these cases, we aim to promote global knowledge sharing,
build broad consensus, and contribute practical insights to the implementation of
the UN Sustainable Development Goals (SDGs), the UN Decade on Ecosystem
Restoration, and the Sendai Framework for Disaster Risk Reduction. Together,
we strive to advance the philosophy of “ecological priority and green
development” in coastal regions and work hard to forge a new paradigm of
harmonious coexistence between humanity and the sea.

The compilation of this case study collection has been supported by the
[’Agence Frangaise de Développement (AFD) and the European Union (EU),
to whom we express our heartfelt gratitude. We also extend our highest
respect to all practitioners and scholars dedicated to advancing Eco-DRR in
coastal zones.

Coastal zone Eco-DRR and its synergistic benefits remain in a pivotal phase of
technological innovation and practical exploration. As such, this collection may
inevitably include oversights or shortcomings. We sincerely welcome critique
and suggestions from all sectors to collaborate on advancing the coastal zone
governance on the global stage.

Editorial Committee
September 2025
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This collection presents nine exemplary cases from China, the Republic of Korea,
Indonesia, and Spain. The cases represent practices of restoring critical ecosystems—
including mangroves, coastal salt marshes, and sandy shores—as well as the ecological
enhancement of seawalls. They demonstrate comprehensive benefits across multiple
dimensions, including disaster prevention and mitigation, ecological function
enhancement, climate change mitigation and adaptation, and socio-economic

development, as detailed below.

\| 1. Eco-DRR Case of Tianjiaoshan Coast, Huludao City, Liaoning Province,
China

This case is located at Tianjiaoshan, Huludao City, Liaoning Province, characterized by
a unique cape-bay landform and a natural coastline—coastal, wetland-tidal flat
ecosystem. To address pressing issues such as encroachment on sandy coastlines,
wetland degradation, and weak capacity for coastal disaster prevention and mitigation,
a systematic land-sea coordinated governance was implemented in the region
beginning 2020. Measures included restoring 12.1 hectares of vegetation, rehabilitating
1.8 hectares of beach, modifying 434 meters of ecological revetment, dismantling 564
meters of artificial dykes, and restoring 6.8 hectares of coastal wetlands. In the eastern
section of the site, an “ecological safety barrier” comprising beach-revetment—
shelterbelt was established, protecting the lives and property of 3,000 residents located
behind it. In the central and western sections, multi-layered plant community structures
were established, significantly improving the ecological environment while creating
recreational coastal spaces that boosted cultural tourism revenue in the area. The case
thus achieved synergistic benefits of strengthening ecological barriers, reducing
disaster risks, and promoting green economic development, providing replicable and

practical experience for ecological governance in northern coastal hilly regions.

N 2. Eco-DRR Case of Qilihai Lagoon, Qinhuangdao City, Hebei Province,
China

This case is situated at Qilihai Lagoon, Qinhuangdao City, Hebei Province, the largest
lagoon in North China and a critical node in the East Asian-Australasian Flyway for
migratory birds. Since the 1980s, production activities such as embankment
construction, land reclamation, and aquaculture had reduced the lagoon’s area to just
14% of its historical maximum. Consequently, tidal prism sharply declined, tidal

channels were heavily silted, water quality deteriorated, and biodiversity decreased,
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while risks of waterlogging and storm surges intensified. Since 2017, the region has
implemented measures including the restoration of 818.35 hectares of wetlands through
negotiated aquaculture withdrawal, dredging and clearing 1.59 million cubic meters of
sediment, and restoring 29.33 hectares of tidal channels. These efforts expanded the
lagoon area to three times its pre-restoration size, increased tidal prism by 2.82 times,
and improved water exchange capacity by 30%. In addition, 610.52 hectares of
microtopography were modified, 15.61 kilometers of shoreline rehabilitated, and a
natural shoreline defense system was constructed using an earthwork self-balancing
approach combined with a scientific “tree—shrub—grass” planting model. An integrated
“air—space—land—sea” monitoring and early-warning platform was also developed,
enabling marine disaster forecasting and enhancing intelligent management capacity.
Today, the restored lagoon wetland features “clear waters, blue skies, and flocks of
birds in flight,” significantly strengthening regional comprehensive disaster prevention
and mitigation functions, and serving as a model for Eco-DRR wetland restoration in

lagoon wetlands.

v 3. Eco-DRR Case of Haoyunjiao Coast, Weihai City, Shandong Province,
China

This case is located at Haoyunjiao, Weihai City, Shandong Province, encompassing the
Chaoyang Port Lagoon and sandy coasts. To address challenges including the shrinking
lagoon area, reduced tidal prism on the inner side of Chaoyang Port, erosion of the
outer sandy coast and the progressively weakened capacity to defend against storm
surges and other marine hazards, restoration measures have been implemented since
2021. On the inner side, interventions such as aquaculture-to-sea conversion, dredging
and channel clearance, and salt marsh rehabilitation have been carried out, resulting in
an expansion of the lagoon wetland by 170 hectares and an increase of 33.5% in tidal
prism. The restored salt marsh has continued to expand naturally year by year, with the
number of bird species in the area increasing by 21% compared with pre-restoration
levels. On the outer side, sandy coast restoration, ecological modification of seawalls,
and the establishment of vegetative shelterbelts were undertaken. These actions
naturally restored 6 kilometers of sandy shoreline, with an average beach width of
about 30 meters. A total of 2,354 meters of artificial shoreline were recognized as
ecologically restored coastline, with 16.7 hectares of vegetative shelterbelts planted to
enhance coastal resilience against disasters. The restored high-quality space was further

leveraged to vigorously develop coastal cultural and tourism industries, thereby
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realizing the value of ecological products. Through these measures, the region has
markedly improved its ecological conditions, significantly strengthened disaster
prevention and mitigation capacity, and stimulated sustained economic vitality. It
vividly demonstrates harmony between people and the sea, offering a replicable and

scalable model of ecological—disaster reduction—economic synergistic development.
k 4. Eco-DRR Case of Hua’ao Island, Ningbo City, Zhejiang Province, China

This case is located on Hua’ao Island, Xiangshan County, Ningbo City, Zhejiang
Province—an area renowned for its majestic natural scenery and rich cultural heritage,
widely known as the “Fairyland on the Sea, Paradise on Earth.” Faced with intensified
coastal erosion, heightened geological disaster risks, fragile ecosystems, and weak
infrastructure, restoration efforts have been carried out since 2016. These measures
included restoring 6.10 hectares of sandy beach and 1.98 hectares of pebble beach,
reinforced 249 meters of seawall, rehabilitated 6.76 kilometers of coastal revetment,
and remediated 2.3 hectares of abandoned mines, thereby establishing an Eco-DRR
framework featuring a multi-tiered system of “beach buffering—shoreline protection—
hillslope stabilization.” In addition, an ecological greenway was constructed, a cultural
park was established, and coastal recreational spaces were expanded to enhance the
island’s ecological vibrancy. The project revitalized distinctive cultural resources and
promoted a diversified economy integrating “tourism—culture—fisheries.” In doing so, it
created pathways for translating ecological advantages into economic value—
embodying the “Two Mountains” transformation principle. Hua’ao Island has thus
explored a distinctive pathway that synergizes high-quality island development with
Eco-DRR.

\ 5. Eco-DRR Case of Sandy Coast in Dongtou District, Wenzhou City,
Zhejiang Province, China

This case is located on Dongtou Island, Wenzhou City, Zhejiang Province, which has a
total coastline of approximately 50 kilometers. The island’s sandy coasts—primarily
distributed along Dong’ao, Dongsha, and the western side of Banping—hold
significant ecological value. However, these sandy coasts have experienced erosion and
degradation caused not only by natural disasters and illegal sand mining, but also by
breakwater construction which led to siltation of nearby fishing port beaches. Since
2017, restoration measures have included dredging 1.57 million cubic meters of

sediment from fishing ports, reusing dredged sediments, and reshaping beach surfaces
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to restore 3.2 kilometers of sandy shoreline. A multi-level long-term management and
protection mechanism was established, incorporating social capital and community
participation in protection and restoration. The rehabilitated Dong’ao Beach has
successfully withstood multiple severe typhoons, maintaining overall equilibrium and
stability, while recovering its natural functions of wave dissipation and current
attenuation for disaster mitigation. The improved ecological environment has expanded
coastal recreational spaces, stimulated growth in the regional tourism industry, and
fostered a virtuous cycle of “ecological restoration — enhanced disaster risk reduction —
industrial revitalization.” This case provides a valuable practical reference for Eco-

DRR on sandy coasts.

5 0. Eco-DRR Case of Coastal Bays of Qinzhou City, Guangxi Zhuang
Autonomous Region, China

This case is located in Qinzhou Bay, Qinzhou City, Guangxi Zhuang Autonomous
Region, within the China—Malaysia Industrial Park, adjacent to Qinzhou Port and at the
heart of the New Western Land—Sea Corridor. Restoration efforts commenced in 2020
to address issues of fragmented mangrove habitats, reduced seawater exchange and
self-purification capacity, damaged coastal defense barriers, and severe beach erosion
in the region. These included restoring 512.99 hectares of mangroves, rehabilitating
33.94 kilometers of shoreline, dredging 2.9664 million cubic meters of tidal channels,
nourishing beaches with 369,300 cubic meters of sand, and restoring 3.25 hectares of
psammophyte vegetation. An integrated bay-wide Eco-DRR system was established,
featuring an outer bay structure of “beach—eco-revetment—shelterbelt” and an inner bay
structure of “mangrove—eco-revetment.” After restoration, the beach width increased
by 15-30 meters, with the maximum average wave height attenuation rate reaching
63.7%. Biodiversity in the restored mangrove areas has significantly improved. In
addition, 2,162.2 meters of artificial shoreline was ecologically remodified and
recognized as restored ecological shoreline. Furthermore, approaches included graded
utilization of dredged materials for beach formation and afforestation, and the use of
discarded oyster shells for constructing ecological revetments, achieving optimal
resource allocation and promoting circular resource utilization. The project monetized
the ecological value of mangroves through Guangxi’s first-ever blue carbon trading.
These ecological dividends have fueled the flourishing development of the coastal
cultural tourism industry, providing a replicable and scalable demonstration for

integrated bay governance.
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. N\ 7. Eco-DRR Case of Coastal Dune Restoration and Disaster Mitigation in
Taeanhaean National Park, South Korea

This case is located in South Chungcheong Province, South Korea, which is renowned
for its unique coastal dune system, forming the most critical natural disaster buffer
along the country's western coast. This system effectively maintains coastline stability,
prevents wind erosion and sand encroachment, mitigates seawater intrusion, and
provides habitats for rare psammophytes and birds. However, since the 1970s, large-
scale coastal development, unregulated sand mining, and artificial structures like
breakwaters have led to systemic degradation.

In response, the Korea National Park Service (KNPS) initiated a disaster prevention-
oriented dune restoration project in 2001. This project not only reduced storm surge
damage but also reconstructed disaster-resilient dune plant communities while
enhancing coastal carbon sequestration. The practice successfully restored the
coastline's natural disaster buffer function and innovatively integrated ecological
restoration with disaster risk reduction, offering a replicable Nature-based Solution

(NbS) model for global coastal areas facing climate hazards.

5 8. Eco-DRR Case of Coastal Mangrove Restoration in Demak District,
Indonesia

The case is located in Demak, Indonesia, a coastal district in Central Java province that
has been plagued by erosion, flooding and devastating land loss that in some places
extends for several kilometres inland. When “hard” infrastructure such as seawalls and
mangrove planting failed to stop land loss, Wetlands International and Ecoshape, in
collaboration with the Indonesian government, initiated an ecological restoration
project centered on the Building with Nature approach. Through integrated mangrove
restoration efforts, the construction of permeable structures, and the promotion of
sustainable land use, the project successfully restored 20 kilometres of coastline,
rehabilitated 119 hectares of mangroves, and improved the protection of an additional
60 hectares, promoting natural sedimentation and mangrove regeneration while
improving the livelihoods of local communities, and was recognised through
international awards. Its outcomes have been incorporated into both local and national
development plans, fully demonstrating the potential of multi-stakeholder collaboration

in building coastal resilience.
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v 9. Eco-DRR Case of Beach-Dune-Lagoon Restoration and Disaster
Mitigation in La Pletera, Spain

The case is located on the Costa Brava in Catalonia, Spain, is part of the Montgri
Natural Park and the European Natura 2000 protected area network, possessing high
biodiversity value. To address issues such as habitat fragmentation, hydrological
disruption, and increased flood risk, the site implemented ecosystem-based measures.
These included demolishing unfinished urban infrastructure, restoring the original salt
marsh hydrological system, and rebuilding coastal dunes. These actions not only
effectively restored ecosystem functions but also provided solutions for adapting to
climate change, protecting biodiversity, and promoting local socio-economic
sustainable development. These ecological restoration measures were rated as "Best
Practice for NbS in the Mediterranean Region" by IUCN, offering an implementation
pathway of "Ecological Engineering - Policy Integration - Community Participation"

for Nature-based Solutions (NbS) in similar areas.






PART ()

" CASE
STUDIES




E International Applications of Ecosystem-based
<2_~ Disaster Risk Reduction in Coastal Areas

Eco-DRR Case of Tianjiaoshan Coast, Huludao City, Liaoning
Province, China

0 =

Tianjiaoshan is located in the eastern part of Longgang District, Huludao City, adjacent
to the urban built-up area, and is surrounded by Zhaolitou Fishing Port, Hulu Ancient
Town, the coastal highway, and the bay. On the eastern side lies a semi-enclosed
shallow bay, which once contained the scarce resources of sandy coasts, bedrock
shores, and gravel beaches within the built-up area of Huludao City. The central part of
Tianjiaoshan is a bedrock headland protruding into the sea, hosting the rare bedrock
coastlines of western Liaoning. Relatively gentle sandy coasts are distributed along its
eastern and western sides. The total coastline within the area is about 6 km, with a
permanent population of around 3,000 people. Its distinctive coastal erosion landforms,
where mountains and sea intertwine, make it a treasured coastal resource of Huludao
City and an important asset for the development of the city’s coastal cultural tourism
industry.

Figure 1. Schematic map of the Tianjiaoshan coast case arca

Since 2020, targeted restoration measures have been implemented to address issues

such as the encroachment and degradation of sandy beaches on the eastern and western
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sides of Tianjiaoshan due to human activities, the functional decline of wetlands and
shoreline ecosystems in the central part, and the weakening of disaster prevention and
mitigation capacity. Measures included vegetation and beach restoration on the eastern
side, wetland restoration and slope protection in the central part, and vegetation
restoration and beach remediation on the western side. In total, 12.1 hectares of
vegetation have been restored, 1.8 hectares of beaches rehabilitated, 434 meters of
revetment ecologically remodeled, 564 meters of artificial embankments removed, and

6.8 hectares of coastal wetlands restored [!].

Following restoration, Tianjiaoshan’s coastal “protective shield” has become more
robust, with disaster prevention and mitigation capacity significantly enhanced. The
regional ecological environment has continued to improve, with vegetation cover
reaching nearly 90%. Flocks of seagulls skim over the beaches, complementing the
azure sea and sky. Newly built coastal promenades and high-quality beaches meet
residents’ needs for seaside leisure and recreation, while also promoting the vigorous

development of the coastal cultural tourism industry.
Q

oEn

In the 1980s, influenced by coastal development activities such as “reclaiming land
from the sea,” the natural shoreline of the Tianjiaoshan area in Huludao City was
encroached upon and degraded. Illegal excavation and unregulated mining caused
surface fragmentation and frequent geological hazards, posing a serious threat to the
integrity and stability of the regional ecosystem. This, in turn, disrupted the balance of

the integrated “land-sea—beach” ecosystem [?1. The main problems can be summarized

as follows:

First, the eastern sandy coastline has long been subjected to encroachment and
degradation (Figure 2), resulting in insufficient disaster prevention and mitigation
capacity. Severe loss of sand sources and morphological changes to the beach have
greatly reduced its ability to storm surge defense and wave energy, thereby exposing
the lives and property of approximately 3,000 permanent residents in the immediate
hinterland to marine hazards. In 2021, the “210918” extratropical storm surge caused
severe damage across Liaoning Province, with Huludao City suffering losses of 672

million yuan Bl; seawalls within the area were heavily damaged.
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Beach Abandoned Fishing Boat House Seawall

Seawall

Figure 2. Encroachment and degradation of the eastern sandy coastline
(Longgang District People’s Government, 2020)

Second, in the central coastal section, mountain excavation and indiscriminate mining
led to extensive deforestation, surface fragmentation (Figure 3), and heightened risks of
geological hazards such as landslides. The construction of artificial embankments
disrupted hydrological connectivity, resulting in weakened regional hydrodynamics

and degradation of wetland ecosystem functions.

Figure 3. Surface fragmentation in the central area caused by illegal excavation and mining
(Longgang District People’s Government, 2020)

Third, the western beach has been occupied by abandoned fishing vessels, while surface
fragmentation and severe damage to the shelterbelts behind the beach (Figure 4) have

undermined the ecological integrity of the area, accelerating ecosystem degradation.
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Figure 4. Encroachment and erosion of the western sandy coastline
(Longgang District People’s Government, 2020)

@ Approaches

(1)Scientifically Building an Ecological Safety Barrier of “Beach-
Revetment—Shelterbelt”

Studies have shown that beach width, slope, and sediment characteristics significantly
influence the capacity to resist storm surges and wave impacts. Wider beaches with
gentler slopes are more effective in dissipating wave energy 4. Based on underwater
topographic survey results of the restoration area and adjacent waters, a scientifically
designed restoration plan was formulated. Sand with particle sizes ranging from 0.48
mm to 0.81 mm (mean particle size: 0.71 mm) was selected for beach nourishment,
extending the average beach width from 20 m to 50 m and reducing the slope, thereby
enhancing its buffering capacity. Three damaged wave-resistant seawalls were
dismantled, and the original vertical concrete revetments were replaced with
ecologically engineered sloping revetments along a 434 m stretch of coastline. Rock
blocks and gravel were used for reinforcement to improve permeability and reduce
hydraulic impacts. A layer of coir fiber mat was applied for soil stabilization, followed
by the planting of salt-tolerant herbaceous species to increase stability and durability.
Behind the revetments, more than 1,000 trees and shrubs, including Amorpha fruticosa
and Pinus thunbergii, were planted, thereby forming an integrated “beach—revetment—
shelterbelt” ecological safety barrier (Figure 5) and comprehensively strengthening

disaster prevention and mitigation capacity.

‘9
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Revetment

Figure 5. Post-restoration establishment of an ecological safety barrier on the eastern beach
(Longgang District People’s Government, 2022)

(2)Habitat Reconstruction to Restore Coastal Ecosystem Functions

A total of 564 meters of artificial dykes were dismantled in the central area to restore the original
hydrodynamic environment (Figure 6). In the central and western regions, surface gravel was
removed, sites were leveled, and 38,000 m? of soil was backfilled. Twelve salt- and alkali-tolerant as
well as drought-resistant plant species—including Ulmus pumila (white elm), Pinus thunbergii (black
pine), Prunus sibirica (Siberian apricot), Acer negundo ‘Aureomarginatum’ (golden-leaf boxelder),
Sabina chinensis (Chinese juniper), Ulmus pumila ‘Aurea’ (golden-leaf elm), Prunus cerasifera
(myrobalan plum), Populus alba var. pyramidalis (white poplar), Sophora japonica (Chinese scholar
tree), Forsythia suspensa (forsythia), Sorbaria sorbifolia (false spiraea), and Amorpha fruticosa (false
indigo)—were interplanted to establish a multi-layered plant community structure (Figure 7). For
potentially unstable mountain slopes within the area, protective reinforcement measures were
implemented, followed by hydroseeding with an eco-substrate slurry composed of organic fertilizer
and local herbaceous seeds. Vegetation-based slope protection reduced soil erosion, maintained slope
stability, and effectively mitigated geological hazards such as landslides (Figure 8). Through these
measures, coastal ecosystem functions were restored and the natural ecological barrier was

reconstructed.
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Figure 6. Dismantling of embankments in the central area (left: before restoration; right: after
restoration) (Longgang District People’s Government, 2022, 2025)

Figure 7. Establishment of a multi-layered plant community structure in the central area
(Longgang District People’s Government, 2025)
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Figure 8. Ecological slope protection on mountain slopes (red-circled area)
(Longgang District People’s Government, 2025)

(3)Positioning the Area as a Recreational and Leisure-Oriented Coastal
Space

A public fitness park was established in the central and western restoration zones (Figure 9),
equipped with sports and leisure facilities such as a football field, tennis courts, and a coastal
wooden boardwalk. In the western area, 0.87 hectares of beach was remediated by removing
abandoned fishing vessels and beach debris, thereby enhancing the coastal environment.
These improvements attracted private investment for the construction of facilities include
pavilions, leisure huts, swings, and photo hotspots (Figure 10). Following the environmental
enhancement, rare bird species—including ruddy shelducks (Tadorna ferruginea), common
cranes (Grus grus), whooper swans (Cygnus cygnus), and tundra swans (Cygnus
columbianus)—returned to the area for roosting, foraging, and breeding, transforming it into a
new hidden gem for coastal exploration and birdwatching (Figure 11). Today, Tianjiaoshan
has evolved into a recreational coastal space that integrates eco-tourism, sports and fitness,
and seaside leisure, becoming one of Huludao’s newly emerging “social media-famous”

destinations.
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Figure 9 Public fitness park (Longgang District People’s Government, 2025)

Figure 10. Newly emerging “social media-famous” attraction (Longgang District People’s
Government, 2025)
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Figure 11. Hidden gem for coastal exploration (Longgang District People’s Government, 2025)

a Accomplishment

(1)Enhancing Regional Disaster Defense Capacity to Safeguard Residents’
Lives and Property

This case follows a people-oriented principle by establishing an ecological safety
barrier consisting of “beach—-revetment—shelterbelt” through measures such as beach
restoration, ecological revetment modification, and vegetation rehabilitation (Figure
12). These interventions safeguard the lives and property of approximately 3,000
residents in the hinterland. Since 2022, the Tianjiaoshan area has successfully
withstood multiple storm surges and other marine disasters. In October 2024, abnormal
tide levels triggered storm-surge-induced seawater intrusion in many regions of China.
At Huludao Station, the maximum tide level reached 486 cm, exceeding the red-alert
threshold by 42 cm and setting a new historical record. Nevertheless, no casualties or

major economic losses occurred in the Tianjiaoshan area [°],

<
N i
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Figure 12. Restored eastern section (Source: Longgang District People’s Government, 2022)
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(2) Continuous Improvement of the Ecological Environment and Significant
Enhancement of Ecosystem Functions

The project has completed ecological restructuring of 18 hectares of coastal zone in the
Tianjiaoshan area, including the restoration of 6.8 hectares of coastal wetland and 12.1
hectares of vegetation, resulting in nearly 90% vegetation cover across the region
(Figure 13). The marine ecological environment continues to improve, with the
stability and resilience of the ecosystem steadily enhanced. Its functions in windbreak,
sand fixation, and water conservation have been significantly reinforced. With
sustained ecological improvement, the area has attracted a growing number of bird
species for roosting and breeding. In 2024, over 30 rare bird species—including ruddy
shelduck (Tadorna ferruginea), common crane (Grus grus), tundra swan (Cygnus
columbianus) , and whooper swan (Cygnus cygnus)—were observed in the region, with

populations continuing to increase annually.

Figure 13. Vegetation cover after restoration in the central section (Source: Longgang District
People’s Government, 2025)

(3) Continuous Improvement of the Living Environment with Remarkable
Social and Economic Benefits

The restored Tianjiaoshan now integrates ecological sightseeing, sports and fitness, and
coastal leisure, while also recovering two high-quality beaches and creating a new
hidden gem for coastal exploration and birdwatching (Figure 14). A 6,000-meter
coastal wooden boardwalk and a public fitness park have been constructed,
transforming the area into a newly emerging “social media-trending” attraction. The

project has stimulated tourism development in surrounding scenic areas: in 2024, the
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nearby Hulu Ancient Town received more than 750,000 visitors, generating tourism
revenue exceeding 70 million yuan—representing a substantial increase compared with
pre-restoration levels—thus achieving a win—win outcome of ecological restoration and
economic growth. At the same time, the improved ecological environment has attracted
greater investment. Between 2022 and 2024, Longgang District introduced 15

investment projects with a total value of 1.885 billion yuan, injecting new vitality into

the region’s sustainable economic development [71.

Figure 14. Post-restoration Tianjiaoshan with clear waters, clean beaches, and flocks of seagulls
wheeling over the waves (Source: Longgang District People’s Government, 2025)

a Alignment with IUCN Nature-based Solution Global Standard
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Figure 15. Radar chart of NbS self-assessment for this case
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The Tianjiaoshan Coastal Zone Project in Huludao City effectively identified and
addressed challenges related to disaster prevention and mitigation, economic and social
development, environmental degradation, and biodiversity loss. The project perfectly
assessed the living and production needs of local communities, aligning closely with
established social challenge criteria. Stakeholders—including government departments,
nearby residents, and research institutions—were clearly identified. Through
consultations, public disclosures, and collection of public opinions, residents’
production and livelihood needs were fully incorporated. In terms of improving well-
being, the project not only enhanced the living environment and surrounding ecology
but also created higher-quality waterfront spaces for residents and visitors, thereby

significantly increasing their sense of happiness (Criterion 1).

The project fully integrated the interactions among the regional economy, society, and
ecosystems. Holistic design measures included the planting of native vegetation,
restoration of natural sandy beaches, and rehabilitation of bedrock shorelines, closely
aligning with the requirements of Criterion 2. Furthermore, the project proactively
assessed external risks common to coastal zones—such as extreme weather events and
marine hydrodynamic forces—and strengthened shoreline resistance to erosion. A
cross-departmental collaboration mechanism was also established, with research
institutions providing technical support and consulting agencies optimizing the

restoration plan (Criterion 2).

The project evaluated ecological degradation mechanisms caused by human
disturbances and land reclamation in adjacent areas. While considering the habitat
requirements of fish, birds, and terrestrial wildlife, it optimized ecological safety
barriers, established ecological corridors, and developed a biodiversity conservation
network. These measures provided high-quality ecological spaces and habitats for
biodiversity, in close alignment with Criterion 3. Baseline surveys of ecosystems and
species—including fisheries, birds, and terrestrial fauna—were conducted in the early
stages. Long-term monitoring during and after restoration, compared against the
baseline data, demonstrated significant ecological recovery, with several indicators
showing net increases. Potential negative impacts—such as vegetation disturbance and
wastewater pollution during construction—were anticipated and mitigated through
restricted work zones, timely vegetation restoration, and the installation of wastewater

treatment facilities. In addition, illegal barriers were dismantled, intertidal wetlands
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were restored to reconnect fragmented habitats, and native plants were established in
the land—sea transition zone to form continuous vegetation belts, thereby strengthening

ecosystem integrity and connectivity (Criterion 3).

Although the project was relatively modest in investment scale and funded entirely by
government finance—thus generating no immediate economic return—it produced
significant ecological benefits, fully meeting the core requirements of Criterion 4.
Furthermore, the project is expected to yield future economic returns through the
development of eco-tourism, supporting sustainable development and providing a

practical pathway for benefit transformation, as required by Criterion 4.

During implementation, the project actively sought input from local residents,
government departments, and business stakeholders, including operators of the nearby
Hulu Ancient Town, involving them in planning and post-restoration management.
This participatory approach was highly consistent with Criterion 5. A cost-benefit
analysis was carried out, and by optimizing construction methods and integrating
resources, the limited budget was used with maximum efficiency, further satisfying

Criterion 5.

In project design, the docking needs of local fishing boats were respected through the
retention of the old pier. Citizens’ waterfront recreational demands were also
incorporated with the construction of an open-access bathing beach. This reflected a
careful balance between social needs and ecological protection. Potential benefits were
identified, and assurance measures were periodically reviewed to maintain ecosystem
stability in accordance with the principle of benefit trade-offs. From a cost—benefit
perspective, retaining the old pier avoided the dual costs of demolition and
reconstruction while meeting residents’ production needs and reducing potential hidden
social costs linked to restricted livelihoods. Although the creation of an open-access
bathing beach increased both initial construction and long-term maintenance costs, it
enhanced the public value of the coastal space, delivering long-term social and
ecological benefits and thereby achieving a balance between investment and multiple
benefits (Criterion 6).
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Throughout its entire implementation cycle, the project developed and executed a
robust monitoring and evaluation program, fully aligning with the requirements of
adaptive management (Criterion 7).

Overall, the project contributes to global goals of enhancing human well-being,
addressing climate change, and conserving biodiversity, while also meeting

mainstream regional standards for sustainable development (Criterion 8).

Recommending Institution: Department of Natural Resources of Liaoning Province
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Eco-DRR Case of Qilihai Lagoon, Qinhuangdao City,
Hebei Province, China

L bormaon

Qilihai Lagoon is located in Beidaihe New District, Qinhuangdao City, Hebei Province.
As the largest lagoon in northern China, it serves as a critical node along the East
Asian—Australasian Flyway for migratory birds. The regional coastline extends
approximately 82 kilometers and contains high-quality tourism resources, including the
ocean, beaches, forests, hot springs, and wetlands. Qilihai Lagoon plays an important
role in disaster prevention and mitigation as well as water conservation, while also
serving triple ecological functions as the ‘green lung’ of the city, a stopover site for
migratory birds, and a habitat for lancelets (Branchiostoma lanceolatum). However,
with the continued expansion of aquaculture, rice-field development, and other
agricultural and fishery activities, the lagoon area rapidly shrank to just 286 hectares.
As a result, water exchange capacity declined, biodiversity decreased, and disaster

prevention capacity was gradually weakened.

To enhance regional ecosystem services and coastal disaster prevention capacity,
Qinhuangdao City launched two phases of Eco-DRR and restoration of the Qilihai
Lagoon Wetland (Figure 1) beginning in 2016. Measures included the negotiated
withdrawal of aquaculture and wetland restoration across 818.35 hectares, micro-
topographic remodeling of 610.52 hectares, and 15.61 kilometers of shoreline
restoration [, These actions expanded the lagoon wetland to three times its original
size. By adopting self-balancing earthwork techniques and a scientific “tree—shrub—
grass” planting model, ecological functions were enhanced and a natural shoreline
protection system was established. In addition, an integrated “air—space—land—ocean”
marine disaster monitoring and early-warning system was developed, based on real-
time data from oceans, wetlands, and meteorological observations. This system
employed satellite remote sensing, unmanned aerial vehicle (UAV) inspections, land-
based monitoring stations, offshore buoys, numerical modeling, and artificial
intelligence to improve forecasting and management. Following restoration, ecosystem
functionality was significantly enhanced, and disaster prevention and mitigation

capacity was strengthened. The Qilihai Lagoon Wetland Eco-DRR project has since
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been selected as both a “Exemplary Case of Marine Ecological Conservation and

Restoration in 2023” and a “Practical Case of Building a Beautiful China”

Legend

Shoreline
Restoration
Micro-topographic
remedeling

Returning Aquaculture
Ponds toWetlands

Tidal Inlet
Modification

Figure 1. Schematic diagram of the overall case layout
(Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

Since the 1980s, human activities such as dyke construction, land reclamation, and

aquaculture in the Qilihai Lagoon wetland have drastically reduced the lagoon’s area to
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only 286 hectares—just 14% of its historical maximum. As a result, tidal prism
declined from 48.6 million cubic meters to 10.85 million cubic meters by 2015 ). The
loss of wetland ecological space weakened the lagoon’s climate regulation and flood
storage functions, heightening the risk of regional waterlogging and posing serious

threats to surrounding farmland and local property security.

Domestic wastewater from surrounding residents and wastewater from aquaculture
effluent, were discharged directly into Qilihai lagoon, leading to water quality. Siltation
of tidal channels further obstructed water exchange, aggravating eutrophication and
degrading aquatic habitats. Intensive human activities encroached upon ecological
space, causing habitat fragmentation, sharp declines in biodiversity, and a diminished

capacity for natural ecosystem self-recovery.

@ Approaches

(1)Aquaculture withdrawal and wetland restoration to recover lagoon space
To address shrinking lagoon area, poor water exchange, and reduced tidal prism,
818.35 hectares of aquaculture ponds were withdrawn through negotiated agreements
and restored as wetlands. Aquaculture infrastructure—including farmhouses and

dykes—was dismantled, expanding the lagoon area to 853.47 hectares (Figure 2).

By dredging 1.59 million cubic meters of silt and modifying 29.33 hectares of tidal
channels M, the channel depth was increased, and after restoration, the average

residence time of every 10,000 cubic meters of water was reduced by more than 30%.

g X - e




Figure 2. Comparison before and after aquaculture withdrawal and wetland restoration
(left: before; right: after; Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

(2)Balanced earthwork and layered planting for ecological restoration

A total of 2.817 million cubic meters of earth, originating from dismantled aquaculture
pond embankments, was reused in situ for land leveling and micro-topographic shaping,
creating naturally undulating terrain. This approach both reduced transportation costs
substantially and achieved a win—win outcome of ecological restoration and resource
utilization (Figure 3). On the basis of micro-topographic remodeling, soil physical and
chemical properties were adjusted to support plant survival and growth. Measures
included backfilling with suitable planting soil, applying decomposed organic fertilizer,
and regulating soil pH to ensure balanced nutrient supply. According to topographic
features and soil-salinity dynamics, a layered “tree—shrub—grass” planting model was
implemented from shoreline to sea. Specific actions included planting 28,998 arbor
trees (Robinia pseudoacacia, Salix matsudana), 108,113 shrubs (Amorpha fruticosa,
Malus ‘Radiant’), 37.27 hectares of aquatic vegetation (Phragmites australis), and
hydroseeding 66.39 hectares of salt-tolerant grasses such as Suaeda salsa ' (Figure 4).
Together, these measures effectively restored the ecological environment and

significantly enhanced Eco-DRR functions.
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Figure 3. Comparison of Micro-Topography Before and After Modification (Left: Before
Modification; Right: After Modification; Qinhuangdao Bureau of Ocean and Fisheries, 2025)

Figure 4. Vegetation restoration effects (Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

(3)Smart monitoring defense line for strengthened disaster early warning
capacity

An integrated “air—space—land—ocean” monitoring system was established in Qilihai
Lagoon and adjacent sea waters, combining satellite remote sensing, UAV patrols,
land-based monitoring stations, and offshore buoys. The system incorporates multi-
dimensional land—sea ecological monitoring platforms, meteorological eddy covariance
smart monitoring, and marine biological-environmental monitoring (Figure 5). This
framework enables continuous, all-weather observation of multiple variables, including
wind direction and speed, rainfall, temperature, humidity, air pressure, solar radiation,
soil moisture and temperature, water nutrient concentrations, radioactivity, carbon flux,
and biodiversity [1.
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Figure 5. Offshore buoys and onshore monitoring stations of the early-warning and monitoring
system (Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

Leveraging precise monitoring data, the system integrates numerical modeling with
artificial intelligence technologies to forecast marine hazards such as high waves, storm
surges, and harmful algal blooms (red tides), thereby strengthening regional marine
disaster early-warning capacities (Figure 6).
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Figure 6. Big Data Platform for Real-Time Monitoring of the Early Warning System
(Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)
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@ Accomplishment

(1)Tripling the Lagoon Area and Enhancing Regional Ecological Functions

The Qilihai Lagoon expanded to 853.47 hectares %], with tidal prism increasing by 2.82
times to approximately 30.69 million m* [2l. Water exchange capacity per unit of time
improved by more than 30%, substantially enlarging the wetland’s ecological space.
Furthermore, the average density of macrobenthic organisms rose from 20.71
individuals/m? before restoration to 60.83 individuals/m? afterward. The number of
water quality monitoring sites meeting standards increased from 5 to 11, while avian
species diversity grew from 85 species (13 Orders, 26 Families) to 165 species (15

Orders, 29 Families) B, including 50 species under Class I and II national protection.

The lagoon has thus regained its pristine ecological landscape of “blue seas, clear skies,
and flocks of birds in flight” (Figure 7).




Figure 7. Significant increase in bird species in the Qilihai Lagoon wetland (Fei Minjian, President of
the Beidaihe New District Photographers’ Association, 2025)

(2)Establishing a Dual System of Natural Protection and Intelligent Early-
warning to Enhance Regional Disaster Prevention and Mitigation Capacity

Micro-topographic modifications were carried out over 610.52 hectares to shape near-
natural coastal landforms. Through vegetation planting, 15.61 kilometers of artificial
shoreline were transformed into ecologically restored shoreline (Figure 8), thereby
reconstructing a natural ecological safety barrier. In parallel, an integrated “Sky—
Space—Land—Sea” early-warning and monitoring platform was developed (Figure 9).
Based on real-time monitoring data from marine, wetland, and meteorological systems,
the platform enables early warning of marine hazards such as high waves, storm surges,

and harmful algal blooms (red tides).
I——

Figure 8. Shoreline after ecological restoration
(Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)
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Figure 9. Illustration of Dual System Implementation Effects
(Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

(3)Attracting High-End Investment and Boosting Tourism Development
in the Surrounding Areas

The restored shoreline of Qilihai Lagoon now accounts for 18.6% of the total shoreline
length of Beidaihe New District. With its widened water surface, improved water
quality, flourishing benthic communities, thriving bird populations, and naturally
rehabilitated shoreline, the lagoon has become a strong magnet for high-end investment
projects. Over ten major tourism and resort projects—each with investments exceeding
RMB 10 billion—have been launched in Beidaihe New District. The district has
accelerated the establishment of a Demonstration Zone for Comprehensive Tourism
Reform (Figure 10), forming integrated development models such as “Tourism +
Marine Sports” and “Tourism + Health and Wellness.” In 2024, the number of tourists

reached 11.74 million, with total tourism revenue of RMB 15.3 billion.



Figure 10. Qilihai Lagoon driving surrounding tourism development
(Qinhuangdao Municipal Bureau of Ocean and Fisheries, 2025)

(4)Ecological Transformation Gaining Broad Social Recognition

A total of 15.61 km of ecologically restored shoreline has been established in the
Qilihai Lagoon area, expanding public access to the sea and attracting large numbers of
bird photographers, who have witnessed the lagoon’s ecological transformation. The
case has demonstrated remarkable ecological and disaster-mitigation benefits, and has
been successively selected as a “Exemplary Case of Marine Ecological Protection and
Restoration in 2023” and a “Practical Case of Building a Beautiful China.” The
outcomes provide a practical reference for ecological restoration and sustainable
development, while also receiving extensive attention and coverage from national,
provincial, and municipal mainstream media, generating positive societal responses

(Figure 11) and widespread acclaim.
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Figure 11. Qilihai Lagoon receiving extensive mainstream media attention at national,

provincial, and municipal levels
oc

In accordance with the IUCN Global Standard for Nature-based Solutions officially

released in 2020, a self-assessment of this case was conducted, with the following

A ONEFIESRFEEITAEENZ— .

ignment with IUCN Nature-based Solution Global Standard

results.

NbS Overview of NbS Self - Assessment

Matching Rate (%)

1. Societal Challenges
100%.

8. Sustainability and
Mainstreaming  /

2. Scale - based Design
3. Biodiversity Net Gain

6. Trade - offs 4. Economic Feasibility

5. Inclusive Governance

Figure 12. Adaptive management Radar chart of NbS self-assessment for this case
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The case directly addressed core challenges such as ecosystem degradation, biodiversity loss,
and weakened disaster resilience resulting from land reclamation and aquaculture. By
converting aquaculture ponds back into wetlands and restoring shorelines, the ecological
structure of Qilihai was reconstructed, creating a coastal space where people and nature
coexist harmoniously—thus showing strong alignment with Criterion 1: Effectively

addressing societal challenges.

The case delivered significant ecological, social, and economic benefits. Coordination
with the Hebei Provincial Department of Ecology and Environment, the Management
Center of Hebei Changli Gold Coast National Nature Reserve, and the Qinhuangdao
Water Resources Bureau facilitated environmental impact assessments, protected-area
impact evaluations, flood-risk assessments, and emergency response planning—thus

strongly aligned with Criterion 2: Design at scale.

Through tidal channel modification and aquaculture withdrawal, ecosystem integrity
and connectivity were enhanced. After restoration, recorded bird species increased
from 85 species (13 Orders, 26 Families) to 165 species (15 Orders, 29 Families),
while average macrobenthic density rose from 20.71 individuals/m* to 60.83
individuals/m?. In addition, 25 long-term monitoring stations were established for

biodiversity assessment—highly consistent with Criterion 3: Biodiversity net gain.

As a non-profit marine Eco-DRR project, it did not generate direct economic revenue
but indirectly boosted ecotourism and created jobs. Long-term funding mechanisms
such as blue carbon trading are under exploration, and a diversified financing system
led by public investment has been established—demonstrating basic compliance with

Criterion 4: Economic feasibility.

The case adhered to an inclusive, transparent, and participatory governance process,
with a regular consultation mechanism enabling both direct and indirect stakeholders to
express their needs and suggestions. Original aquaculture operators received economic
compensation, and a joint coordination mechanism was established with the Hebei
Changli Gold Coast National Nature Reserve. Decision-making was clearly
documented, and a long-term framework was developed for government, enterprises,
NGOs, and the public to jointly participate in nature conservation—strongly aligned

with Criterion 5: Inclusive governance.
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Ecological restoration served as an ecological compensation mechanism, supported by
cost—benefit analysis, environmental impact assessments, and mitigation measures for
protected areas. Qualified institutions were commissioned to conduct follow-up
monitoring, with progress reporting and acceptance mechanisms established—well

aligned with Criterion 6: Balancing trade-offs.

The case established a comprehensive monitoring and evaluation program, with
follow-up assessments conducted every six months before, during, and after restoration,
for a total of six rounds. Based on observed social, economic, and ecological impacts,
the monitoring scheme was continuously refined and adjusted. For example, when
localized vegetation survival rates were found to be low, analyses of water—salinity
dynamics were undertaken, and corresponding management measures were revised
accordingly. Through this process of iterative optimization, the distribution of 25 long-
term monitoring stations was adjusted, demonstrating strong conformity with Criterion

7: Adaptive Management.

The project expanded waterfront accessibility, strengthened biodiversity conservation,
contributed to national goals for carbon peaking and carbon neutrality, and enhanced
disaster resilience. Recognized as both a “Exemplary Case of Marine Ecological
Protection and Restoration” and a “Practical Case of Building a Beautiful China”, it has
been promoted for nationwide application. The introduction of drone patrols and smart
monitoring systems significantly reduced management costs and improved

efficiency—well aligned with Criterion 8: Mainstreaming and sustainability.

Recommending Institution: Hebei Provincial Department of Natural Resources

References

[1] Qinhuangdao Municipal People’s Government. Implementation Plan for the Qinhuangdao Marine
Ecological Protection and Restoration Project [R]. 2021.

[2] Qinhuangdao Municipal Bureau of Ocean and Fisheries. Comprehensive Acceptance Report of
Phase I of the Qilihai Lagoon Wetland Ecological Restoration Project [R]. 2021.

[3] Qinhuangdao Municipal Bureau of Ocean and Fisheries. Impacts of the Qinhuangdao Marine
Ecological Protection and Restoration Project on Water Exchange in Qilihai Lagoon [R]. 2021.

[4] Qinhuangdao Municipal Bureau of Ocean and Fisheries. Summary Report of the Qinhuangdao



Exemplary Case Stud-

Marine Ecological Protection and Restoration Project [R]. 2023.
[5] Qinhuangdao Municipal Bureau of Ocean and Fisheries.. 2021 Follow-up Monitoring and
Effectiveness Evaluation Report of the Qilihai Marine Ecological Protection and Restoration

Project in Qinhuangdao [R]. 2025.

\9



E International Applications of Ecosystem-based
——

Q

Disaster Risk Reduction in Coastal Areas

Eco-DRR Case of Haoyunjiao Coast, Weihai City, Shandong
Province, China

0 =

Haoyunjiao is located at the easternmost tip of the Shandong Peninsula in Rongcheng
City, Weihai. It includes the Chaoyanggang Lagoon and adjacent sandy coastal areas,
where the upstream Bailong River discharges into the sea. The lagoon is well
developed, covering a total area of approximately 580 hectares. The inner lagoon of
Chaoyang Port and the outer sandy shoreline coexist in dynamic interaction, making it
an important convergence zone of marine resources. Since the expansion of coastal
aquaculture in the last century, although it contributed to local economic development,
large-scale reclamation for aquaculture has also caused the shrinkage of the inner
lagoon, reduction of tidal prism, deterioration of water exchange, and destruction of the
natural sandy shoreline outside the lagoon. From 2019 to 2021, the area was affected
by 11 storm surges and 28 destructive wave events !, with average annual disaster
losses of about RMB 10 million. These disasters further accelerated erosion of the
outer sandy coast, leading to degradation of the regional ecosystem and a year-by-year
decline in the overall capacity to defend against marine hazards such as storm surges

and waves.
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Figure 1. Overall layout of the case area
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Guided by the concept of ecological civilization, and in line with the vision that
“Weihai should develop toward a well-designed and high-quality city,” Weihai has
responded to the urgent need to restore severely degraded marine ecosystems and to
promote a green ocean economy in the new era. Since 2021, restoration efforts have
been undertaken in the Chaoyang Port area through ‘inner’ lagoon system restoration
and ‘outer’ sandy coastline rehabilitation (Figure 1). Measures have included the
removal of aquaculture ponds to restore wetlands, natural beach rehabilitation,
ecological modification of seawalls, and vegetation planting. In total, 18.75 kilometers
of shoreline and 35 hectares of coastal wetlands have been restored, forming a lagoon
shoreline Eco-DRR system composed of “sandy coast — ecological seawall — vegetative
buffer zone.” Following restoration, the regional ecological environment has continued
to improve, disaster prevention and mitigation capacity has been effectively enhanced,
and extensive high-quality space has been created for coastal tourism development—
driving socio-economic growth in surrounding areas and charting a new blueprint for

harmony between people and the sea.

Q
o

Since the 1980s, large-scale reclamation and factory-style aquaculture have rapidly
expanded in Chaoyang Port (Figure 2). At its peak, there were more than 200
aquaculture enterprises and households, with a total farming area exceeding 300
hectares. This led to shrinkage of the inner lagoon, reduction of tidal prism, and
deterioration of water exchange of the inner Chaoyang Port. Severe sediment siltation
occurred inside the port, while the outer coast lost its sediment supply, disrupting the
balance of sediment transport. The lagoon ecosystem degraded, biological communities
were damaged, food resources for birds declined, and the security of terrestrial

ecosystems behind the lagoon was put at risk.
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Figure 2. Large-scale aquaculture ponds occupying the lagoon
(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2021)

Historically, the outer Chaoyang Port featured a high-quality beach. However,
reclamation for aquaculture occupied large sections of the sandy coast, altering
hydrodynamic conditions and causing beach loss. In some sections, vegetation was
sparse, leaving the beaches unprotected. Under the impact of storm surges and waves,
the natural shoreline was severely damaged (Figure 3); sand from the backshore

migrated seaward, and the width of the beach ridge decreased significantly year by year.
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Figure 3. Partial degradation of coastal vegetation, reducing disaster resilience (Administrative
Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2021)
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@ Approaches

(1)Implementation of “Returning Aquaculture Ponds to Beaches” and
Naturally Recover 18 Hectares of Beach

To address problems such as the encroachment and destruction of the outer beach of
Chaoyang Port and severe coastal erosion, the principle of “natural restoration as the
primary approach, supplemented by artificial intervention” was adopted. Without
artificial beach nourishment, the project implemented the measure of “returning
aquaculture ponds to beaches” to restore favorable hydrodynamic conditions for beach
formation and enabling natural recovery. Specifically, the project dismantled 10.2
hectares of aquaculture ponds and 16.5 hectares of aquaculture greenhouses on the
sandy coast, and removed 30,000 cubic meters of shoreline waste. Approximately
6,000 meters of sandy shoreline were naturally restored, with an average beach width
of about 30 meters, totaling 18 hectares (Figure 4). Following natural restoration, 13.52
kilometers of ecological seawalls were reconstructed, and 1.7 hectares of vegetation
such as Tamarix chinensis were planted behind the seawalls, thereby establishing an
“ecological disaster mitigation system” composed of “sandy coast—ecological seawall—
vegetation shelterbelt” (Figure 5). By leveraging the natural wave-dissipating capacity
of the sandy shoreline and the ecological connectivity provided by the seawalls
between marine and terrestrial systems, the ecological functions of the coastline and its
resilience to marine disasters were effectively restored, while also enhancing the appeal
of Weihai’s “Thousand-Mile Coastal Line” brand.
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Figure 4. Comparison of the outer shoreline of Chaoyang Port (Above: before restoration; Below:
after restoration; Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2021,

2023)

Ecological Seawall

Vegetation Shelterbelt

Figure 5. Schematic diagram of the “Sandy Coast—Ecological
Seawall—Vegetation Shelterbelt” Eco-DRR System

(2)Adhere to Land-sea Coordination, Restore the Lagoon Ecosystem

To address issues such as reduced tidal prism and wetland degradation in the inner lagoon of
Chaoyang Port, the project focused on “returning aquaculture ponds to the sea” and dredging
the bay. Specifically, 176.7 hectares of aquaculture ponds were removed, and 1 million m* of
silt was dredged (Figure 6). Pollution discharge from the upstream Bailong River was
controlled through the dredging of 15 hectares of river channel, thereby greatly enhancing the
lagoon’s tidal prism and self-purification capacity. Through micro-topographic modifications,
habitat space was expanded for native wetland plants such as Suaeda salsa, Phragmites
australis, and Zostera marina, leading to the restoration of 35 hectares of salt marsh wetlands

and the recovery of coastal wetland habitats.



Figure 6. Returning aquaculture ponds to wetlands in the inner lagoon of Chaoyang Port
(Left: before restoration; Right: after restoration; Administrative Committee of Haoyunjiao Tourist
Resort, Rongcheng City, 2021 & 2023)

(3)Upgrading the Cultural and Tourism Industry to Unlock the Value
of Ecological Products

In response to the challenge of insufficient industrial support caused by the removal of
aquaculture facilities in Chaoyang Port, the project leveraged the high-quality
development space created by ecological restoration and carried out detailed planning
aligned with market demand. A 7.5-kilometer coastal greenway was constructed, and
two leisure experience spaces were developed: the Ring-Sea Road Recreation and
Sports Park and Haiyun Park (Figure 8). Clear development pathways were established
for recreational fishing (Figure 9), tidal flat shellfish gathering, water-based recreation,
and seaside markets. These initiatives were integrated with surrounding attractions
such as Naxianghai, the “Blue Ways” shipwreck, and the Intercontinental Beach Resort,
effectively filling gaps in coastal tourism offerings and revitalizing the regional marine

cultural tourism sector!*.

Figure 7. Restored salt marsh in the inner lagoon of Chaoyang Port
(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2025)
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Figure 8. Ring-Sea Road Recreation and Sports Park
(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2023)

Figure 9. Sea Fishing Base
(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2023)

a Accomplishment

(1)Continuous Improvement of the Ecological Environment and Significant
Enhancement of Disaster Prevention and Mitigation Capacity
Chaoyang Port has undergone a remarkable transformation—from a coastline once

dominated by aquaculture and ecological degradation to an ecologically restored

Q
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“golden coastline” with green shores, clear tidal flats, and abundant biodiversity.
Following restoration, 2,354 meters of artificial shoreline were recognized as
ecologically rehabilitated coastline (Figure 10). The inner lagoon area expanded by 170
hectares, and the tidal prism increased by up to 33.5%. On the seaward side, 18
hectares of natural sandy beach was restored. Populations of foraging bird species such
as the Black-tailed Gull (Larus crassirostris), Great Egret (Ardea alba), and Whooper
Swan (Cygnus cygnus) (Figure 11) increased by 21% compared with pre-restoration
levels. The density of large benthic organisms rose from 821 individuals/m? to 973
individuals/m?. Salt marsh vegetation such as Suaeda salsa and Phragmites australis
expanded naturally year by year (Figure 12), while seagrass beds flourished,
significantly improving regional ecological conditions and ecosystem stability. Since
restoration, the area has withstood four typhoon-induced extreme storm surge events.
Notably, around October 20, 2024, when many coastal areas across China experienced
extreme storm surge anomalies—and sections of Weihai’s coastline suffered severe
damage—the Chaoyang Port shoreline remained intact, safeguarding the lives and

property of inland communities.

Figure 10. Ecologically restored coastline
(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2023)
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9.86 million afterwards, while tourism revenue increased from RMB 2.12 billion to
RMB 3.11 billion. The improved ecological environment, combined with a stronger
industrial development foundation, has attracted substantial investment from state-
owned enterprises and leading private companies, with project investment exceeding
RMB 30 billion. Since 2023, twelve star-rated hotels and boutique homestays have
opened along the Chaoyang Port coastline. More than 20 new tourism formats have
emerged, including low-altitude aerial tourism, nighttime cultural tours, digital VR
experiences, and tidal flat foraging activities. During peak season, average daily traffic
now exceeds 30,000 vehicles. At the same time, the growth of cultural and tourism
industries has created new sales channels for local agricultural products such as figs
and sweet potatoes, benefiting farmers in surrounding villages. Hotels and homestay

projects have generated substantial employment opportunities, with more than 200

rural households achieving annual income increases of over RMB 30,000 each.

=g =
¥ I;_,_

Figure 13. Flourishing development of cultural and tourism industries at the Haoyunjiao Tourism
Resort (Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2024)
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(3)Demonstrating Human—Nature Harmony and Generating Significant
Social Benefits

The restoration has effectively improved the surrounding living environment. More
than 18 km of accessible coastal shoreline and 18 hectares of recreational beach have
been added, greatly enhancing residents’ and visitors’ sense of well-being, fulfillment,
and satisfaction. Public complaints concerning environmental degradation and
aquaculture-related odors have decreased by over 90%. The Chaoyang Port restoration
has also catalyzed broader social development in surrounding areas. The Haoyunjiao
Tourism Resort in Rongcheng was recognized as a national-level “Lucid Waters and
Lush Mountains Are Invaluable Assets” Practice and Innovation Base. The coastal
attraction “Blue Ways” shipwreck became a popular social media check-in destination
(Figure 14). The Chaoyang Port section of “Weihai Yinshan Bay to Malan Bay” was
included in the first group of provincial-level Beautiful Bay exemplary cases. Nearby
Xiaoxi Village in Gangxi Town was designated a “Traditional Chinese Village.” The
Chaoyang Port restoration provides compelling evidence for a new development
pathway: enhancing natural landscapes through ecological restoration, strengthening
service provision through infrastructure development, and consolidating industrial
foundations through investment promotion. It stands as a vivid practice of the
contemporary “Two Mountains” philosophy. Related experiences have been published

in China Ecological Civilization and promoted nationwide (Figure 15).

(Administrative Committee of Haoyunjiao Tourist Resort, Rongcheng City, 2024)



Exemplary Case Stud-

06/ 3tJ7 A ot | erEsR R
20221221 B

E-mail:f @ cenews.com.cn

’Ia,{iilﬁﬁﬁls ZAES A SR TR S I A !@iz:;ﬁ .
HERRKEBRELES  hewrmic

2022000 FUS 1 SRR UEN s e AR (R 2
al\;m\.‘;wu*uumumm W . L B . SOOI |
1" AL BN, ERALE 10 St
I‘lﬂﬁl i Fi. s MR M ﬁ&lﬁ At !!’1 &iﬁk FhFE
FE2020 4RI AT I SRR FTILIOR. . L2 L
Gl i M e S Famwllkﬂ!’("«ik
ATRIE R R

. Il B)
TR S R‘Mﬂ{
IEH mwmrm

.@, 2
LTS twﬂmiliﬂ'd 13 E X fl

SUREF AR A R TR 1 RRE A PRI KIHEE L FHRE B Je itk s ATHLEE -

Figure 15: Haoyunjiao Tourism Resort Selected as National-Level "Lucid Waters and Lush Mountains
Are Invaluable Assets" Practice and Innovation Base

a Alignment with IUCN Nature-based Solution Global Standard

In accordance with the IUCN Global Standard for Nature-based Solutions released in

2020, a self-assessment of this case was conducted, with the following results.

NbS Overview of NbS Self - Assessment

1. Societal Challenges Maiching Rate (%)

100%
8. Sustainability and

L } 604 ' 2. Scale - based Design
Mainstreaming . \

; ( 3. Biodiversity Net Gain
7. Adaptive Management,

6. Trade - offs ' 4. Economic Feasibility

5. Inclusive Governance

Figure 16. Radar chart of NbS self-assessment for this case

The case demonstrated a clear understanding and diagnosis of spatial needs for
ecological disaster risk reduction and economic development. It thoroughly examined
and identified the impacts of ecological degradation on disaster prevention and

mitigation, conducted detailed surveys on regional demographics and socio-economic
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conditions, and assessed ecological issues and resilience gaps. Comprehensive
evaluations were carried out across all relevant social dimensions within the influence
area of the restoration zone. Measures were taken to improve living environments,
increase local employment, and achieve both industrial development and household
income growth. These outcomes show a high level of alignment with Criterion 1:

Societal Challenge.

From the perspective of integrated ecological disaster risk reduction, the case combined
economic, ecological, and social benefits through collaborative design. A multi-layered
coastal-to-inland ecological disaster reduction system was established, achieving
coupled marine—terrestrial coordination that extended from coastlines to estuaries and
inland urban areas. By adopting a holistic land—sea planning approach, priority was
given to addressing external risks such as waves and storm surges that threaten coastal
ecosystems, thereby forming a land-sea ecological linkage mechanism. A cross-
departmental coordination team led by the Rongcheng Haoyunjiao Tourism Resort
Administrative Committee was established, effectively addressing institutional

arrangements, fully meeting Criterion 2: Scale of Design.

Baseline surveys of marine ecological characteristics were conducted, with quantifiable
and measurable indicators (e.g., salt marsh extent, terrestrial vegetation cover). Multi-
stage monitoring and evaluation were implemented before, during, and after project
execution. By reconnecting fragmented ecosystems and removing physical barriers,
natural conditions were largely restored. The re-emergence of seagrass beds ecosystem
and the increase in bird populations demonstrate strong compliance with Criterion 3:

Biodiversity Net Gain.

The project feasibility study included investment and cost-benefit analyses, clarified
funding sources and public-interest attributes, and secured both policy and financial
support. Comparative analyses of multiple schemes were conducted, and optimal
solutions were selected to address key issues. While government financial support was
ensured, broader mobilization of social capital was not systematically considered. The

project is therefore broadly aligned with Criterion 4: Economic Feasibility.

During implementation, diverse grievance and feedback mechanisms were established,

including on-site coordination meetings, public announcements, and official notices.
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Regular social satisfaction surveys (covering all genders and age groups) were
conducted in the region. Information was communicated to local residents via signage
and media outlets. Potentially affected stakeholders were identified, and mechanisms
such as questionnaires and representative meetings were used to ensure their
participation in evaluation processes. These measures demonstrate broad compliance

with Criterion 5: Inclusive Governance.

The project explicitly addressed conflicts between the short-term and long-term
interests of stakeholders in coastal tourism (which benefits from ecological restoration
and improved natural landscapes) and traditional aquaculture. It analyzed potential cost
changes (e.g., resulting from modifications or market fluctuations) and indirect
economic benefits that could arise during implementation. Measures such as reclaiming
aquaculture-use waters to restore open marine space were adopted to ensure effective

safeguards, demonstrating broad alignment with Criterion 6: Balance of Trade-offs.

A detailed monitoring and evaluation framework was developed, with comprehensive
outcome reports produced. These reports included quantitative comparative analyses of
relevant data across the pre-, mid-, and post-restoration phases. Measures were taken to
refine and reinforce restoration actions in response to monitoring results, fully

consistent with Criterion 7: Adaptive Management.

From planning through implementation, the project was guided by NbS-based
restoration concepts, marking a transition from unsustainable traditional approaches
requiring continuous input to ecological approaches with inherent self-recovery
capacity. Project practices have been systematically summarized and widely
disseminated, with ecological restoration outcomes broadcast multiple times on
television to raise public awareness of marine conservation. Related findings and
summaries have also been published in journals such as Ocean and Coastal
Management. These outcomes are highly consistent with Criterion 8: Sustainability and

Mainstreaming.

Recommending Institution: Shandong Provincial Oceanic Administration
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Eco-DRR Case of Hua’ao Island, Ningbo City, Zhejiang Province,
China

L bormaon

Hua’ao Island is located south of Gaotangdao Township, Xiangshan County, Ningbo
City, Zhejiang Province, at the eastern entrance of Sanmen Bay, about 14 kilometers
southwest of Shipu Town. The island derives its name from its abundant flowers (hua)
and numerous coves (a0). It is endowed with unique landscapes and cultural heritage,
including basalt columnar jointing stone forests formed by volcanic activity, the
traditional sea-salt sun-drying technique recognized as a National Intangible Cultural
Heritage, and the historic site of Zhang Cangshui’s military camp during the resistance

against the Qing dynasty army.

Historically, the island has been highly prone to marine disasters, and under the
influence of global climate change, the frequency of storm surges and wave disasters
has increased in recent years. In addition, due to illegal sand mining, quarrying, and
other unsustainable development activities, the island has suffered beach degradation,
coastal collapses and subsidence in certain areas, latent geological hazards from
abandoned mines, fragile ecosystems, and declining biodiversity. Moreover, weak
infrastructure and a deteriorating living environment have diminished residents’ sense

of well-being.

To promote ecological protection and restoration of the island, and to enhance disaster
prevention and mitigation capacity, Xiangshan County has adhered to the development vision
of “living in harmony with the sea and fostering coexistence between humans and nature.”
Guided by the principle of sustainable development, the county adopted an integrated strategy
of island-wide planning, phased implementation, and comprehensive governance. Since 2016,
a holistic ecological island—reef restoration approach was carried out, including shoreline
remediation and restoration, abandoned mine remediation, upgrading of the ring road,
construction of ecological greenways, and conservation of rare species [ (Figure 1). These
measures effectively protected and restored the island’s ecosystems and strengthened disaster
risk reduction capacity. Hua’ao Island has since been awarded several titles, including
National Marine Park, one of the first batch of “Harmonious and Beautiful Islands” in China,

a Provincial Geopark, and one of the Top Ten Island Parks in Zhejiang Province.
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Figure 1. General layout of Hua’ao Island ecological island-reef construction

Under the combined influence of natural and anthropogenic factors, Hua’ao Island has been

increasingly affected by damaged natural shorelines, heightened risks of marine disasters, and
a weakened environmental carrying capacity. On average, the island experiences
approximately four storm surges and about 25 days of wave disasters annually . In some
coastal sections, wave action has caused collapses (Figure 2), localized damage and
subsidence of seawall revetments, and a decline in structural stability. Beaches have retreated
due to erosion (Figure 3), significantly reducing coastal protection capacity. Furthermore,
marine disasters have exacerbated ecosystem fragility, threatening habitats of multiple
nationally and provincially protected rare and endangered species, and leading to a decline in
island biodiversity. Due to disorderly and unregulated mining activities, the Gaotuao mine has
suffered damage to its original landform and structure, resulting in potential geological
disaster risks. The island’s transportation infrastructure remains underdeveloped, with poor
overall connectivity. Inadequate facilities have led to waste accumulation; cultural and
historical sites lack proper protection; and inefficient utilization of island resources has

constrained the development of eco-tourism.
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Figure 2. Collapsed coast on the south side of Tianzuotang
(Blue Bay Company, Hua’ao Island, 2016)

Figure 3. Ancient Guzhang beach eroded by waves
(Blue Bay Company, Hua’ao Island, 2016)
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@ Approaches

(1) Multiple Protective Measures: Building a Safety Barrier for Islands

Based on the geomorphological characteristics and ecosystem integrity of the island,
and from the perspective of “strengthening disaster-prevention barriers, promoting the
harmonious development of islands, and preserving cultural and ecological values,” the
case study established an ecological disaster-mitigation framework of “beach
buffering-revetment protection—slope stabilization.” On the southern side of Hua’ao
Island, the Guchang Beach adopted a near-natural artificial beach nourishment
approach for restoration (Figure 4). By clearing the beach surface, replenishing marine
sand, and planting salt-tolerant vegetation, a composite structure of “sandy buffer zone
+ vegetative wave-dissipation layer” was formed, mitigating the impact of waves on
the seawall. On the southeastern side, the Tianzuotang cobble beach was restored
through the replenishment of natural cobbles, whose interstitial pore spaces helped
disperse wave energy. On the northwestern side, the damaged revetment was stabilized
through rubble clearance, base reinforcement, surface repair, and the construction of
new retaining walls, thereby enhancing its capacity to withstand continuous wave
impact. On the western side, the abandoned mine underwent stepwise slope cutting,
with retaining walls constructed at the slope foot and vegetation bags laid on the slope
surface. Through a combined approach of “engineering-based slope stabilization +
vegetation-based soil fixation,” the stability of the landform was improved and geohazard
risks were eliminated (Figure 5). This case successfully integrated ecological restoration with
disaster mitigation, enhancing the resilience of the coastal zone. Furthermore, in alignment
with the ecological island-reef construction practices of Hua’ao Island, the project contributed
to the development of the national standard Guidelines for Ecological Island Construction,

providing valuable experience for advancing ecological island and reef initiatives.
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Figure 4. Full view of Guzhang Beach after restoration (Blue Bay Company of Hua’ao Island, 2023)

Figure 5. Full view of the restored abandoned mine
(Blue Bay Company of Hua’ao Island, 2025)

(2) Adapting to Local Conditions to Enhance the Ecological Function of
Seawalls
By fully integrating the local hydrodynamic characteristics, an ecological renovation

was carried out on 4.48 kilometers of artificial seawall revetments on the northwestern
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